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Preface

It gives me great pleasure to pen the Preface to this Second 
edition, but in the same measure I want to express my 
sincere gratitude to the contributors who make the whole 

thing possible. The contribution of the joint editors, Barry 
Eppley and Rainer Schmelzeisen has been outstanding not 
only from their contributions, but the planning and the all 
important “encouragement” to the contributors.

There is no “correct” answer to the dilemma between the 
benefits of a single author book and that produced by mul-
tiple authors. My view is clear; no one person has a monopoly 
of wisdom in every aspect of facial trauma, so we as a team 
aim to harness individual’s expertise. So you may read con-
flicting advice within the book. I have every confidence 
however, our sophisticated readership will, in the light of the 
evidence we present, form their own views.

As I said in the Preface for the first edition, the etiology of 
facial trauma has changed, and certainly in the UK, it remains 
a “disease” of the young male, predominately as the result of 
excessive alcohol consumption. Just as the society and the car 
industry modified designs and introduced innovations to 
curb the hazards of driving vehicles, so we are now seeing the 
first glimmers of change in society towards alcohol consump-
tion, if not yet the drinks industry. At least the problem is in 
the public domain and the unnecessary toll on otherwise fit 

healthy males is being recognized. It is to be hoped society 
continues to introduce preventative measures, and recognizes 
other emerging factors like drug and solvent misuse.

As in the first edition we have sought the wisdom of world 
experts, who have reviewed and updated their contributions. 
This has introduced new concepts as the result of looking at 
“outcomes”. It has indeed introduced totally new approaches, 
like face transplants.

We hope this second edition, reflects the latest trends, 
concepts and innovations in the care of patients with facial 
trauma. As always, only by careful disinterested audit can the 
long-term value of these innovations be evaluated. I am sure 
the UK is a barometer of the industrialized world, and we are 
seeing much greater economic pressure on health care ser-
vices. As surgeons we must respect these changes and seek 
greater efficiencies, but equally we must resist lowering of 
standards of care. It is equally exciting to see the new eco-
nomic tigers like China, Brazil, and India contributing so 
much more innovation and audit in all aspects of health care 
and facial trauma management in particular.

Finally I would like to thank Elsevier, and Brian Loehr and 
Sara Alsup in particular, for their continued support, patience 
and skill in bringing this edition to print.

Peter Ward Booth
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3

1
Etiology and Prevention of 
Craniomaxillofacial Trauma

C HA P T E R 

C. Michael Hill, Barry L. Eppley, David W. Thomas, Stephen E. Bond, Andrew M. Monaghan, 
M. Stephen Dover

Injuries to the face, head, and neck are relatively common, 
but in the overall trauma literature, the etiology of maxil-
lofacial injuries has received relatively little attention. 

Almost all injuries result from some form of trauma, which 
may be defined as a physical force resulting in injury. Injuries 
may also be the result of chemical, thermal, or even radiation 
trauma, but these occur far less commonly than physical 
trauma.

Despite the high incidence of facial injuries, there has been 
relatively little research until recently into their etiology, 
treatment, and prognosis. Nevertheless, such injuries are 
clinically important for several reasons:

• The soft tissues and bones of the face give anterior protec-
tion to the cranium.

• Facial appearance is a major factor, if not the most signifi-
cant factor, in appearance and perception of self.

• The whole anatomic region is associated with several 
important functions of daily life, including sight, smell, 
eating, breathing, and talking. Significant impairment in 
any of these functions has potentially serious effects on the 
patient’s lifestyle and quality of life.

Trauma has traditionally been classified according to ana-
tomic site. Although this is a logical approach on which to 
base treatment, in terms of developing strategies to prevent 
injury it is more informative to consider the etiology and the 
applied forces that produce injuries of differing types. Pat-
terns of injury can be described that relate to certain types of 
accidents, and it is important to understand these patterns in 
relation to forensic evidence. In addition, strategies to reduce 
the incidence of maxillofacial injuries need to be developed, 
because the cost of treatment of these injuries can be high.

The reaction of the body to trauma depends on the nature 
of the assault and the response of the victim. The applied force 
and the extent of injury after trauma are affected by several 
factors. The kinetic energy (or potential to inflict damage) is 
calculated as one half of the mass of the object striking the 
face or head multiplied by the velocity squared; this is usually 
represented by the formula, K = 12 MV2. Sometimes the situ-
ation is the opposite, and the momentum is generated by 
movement of the head striking a static object (e.g., in a fall). 
In all cases, it is the velocity rather than the mass of an object 
that has the greater proportional effect because of the kinetic 

energy generated. This is clearly demonstrable in road traffic 
accidents (RTAs): The severity of injuries associated with col-
lisions at speeds greater than 20 mph (32 kph) is dispropor-
tionately increased compared with injuries sustained at lower 
speeds, and the risk of serious or fatal injury is much greater. 
The same principle applies to ballistic injuries: Although rifle 
or gunshot injuries may appear to be more damaging, they 
are seldom as severe as injuries caused by high-velocity 
bullets.

In most cases, the applied force is predetermined, but 
there are four other variables that affect the type and severity 
of injury sustained:

• The position of impact—the anatomic region to which the 
force is applied

• The area of impact—the wider the area, the greater the 
dissipation of force (given that pressure equals force per 
unit area)

• The resistance—whether there is any movement of the 
head or the soft tissues, or whether there is contact with 
bone; any restriction of movement potentially increases 
the severity of injury

• The angulation of the strike—a glancing blow causes a less 
serious injury

The strength of the soft tissues and underlying bone also 
plays a part in the extent of any injury, but there has been 
little work to assess susceptibility to injury in those terms.

CLASSIFICATION OF FACIAL TRAUMA

The classification of maxillofacial trauma should be related to 
outcome (i.e., type of injury sustained) to be valuable in audit 
of outcomes. It can also be considered with respect to etiology 
under a variety of headings, including assaults, falls, indus-
trial injuries, RTAs, animal bites, sports injuries, burns, and 
war injuries. Other categories could also be included, such as 
iatrogenic and self-inflicted injuries. In all published studies, 
industrial injuries have represented only a small percentage 
of the overall total, although such injuries may be underre-
ported. Many of these injuries are the result of falls at work, 
but equipment breakages and malfunctions also account for 
a significant proportion.
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The comparative study of the prevalence of maxillofacial 
trauma as a result of assault (battery) is not easy. This is again 
due to the fact that relatively few studies have considered 
consecutive, nonselective data in estimating the pattern of 
injuries sustained, the actual treatment delivered, or the 
resulting demand for services.

It is well accepted that there is an increasing incidence of 
maxillofacial trauma associated with the rise in interpersonal 
violence in much of Western society (Fig. 1-1). In the devel-
oped world, there has been a pattern of increasing violence 
in urbanized settings since World War II, but in the develop-
ing nations, this pattern is less evident. With the increase in 
interpersonal violence in the developed world (coupled with 
improvements in road safety and car design), assaults are 
replacing RTAs as the most common etiologic factor in max-
illofacial trauma8,9 (Table 1-1); in the Third World, this is not 
yet the case. This trend has been observed in many countries, 
including the United States, United Kingdom, Scandinavia, 
Australia, and New Zealand.10-14 The pattern in many other 
societies is different, with RTAs often remaining the most 
common cause of maxillofacial trauma.15-19 In the Nether-
lands, RTAs still predominate because of the number of 
bicycle accidents that occur.

When considering interpersonal violence, the frequency 
with which the face is involved in assaults was shown in one 
study to approach 50% of all reported cases. Approximately 
40% of individuals who presented at emergency departments 
because of assault had facial injuries, and almost 30% of 
assault victims had fractures, 83% of which affected the facial 

Several difficulties exist in comparing published reports 
because of variations in data collection and classification of 
injuries.1 Soft tissue injuries, nasal bone fractures, dental inju-
ries, and dentoalveolar fractures are presented in different 
ways by different centers, and in some studies, they are com-
pletely omitted. True comparison of published studies is also 
made difficult by the use of different selection criteria and the 
frequent reporting of retrospective, poorly collected data 
(which are commonly restricted to either causes or types of 
injury). Even so, the existing data have been useful in helping 
to promote changes in legislation and practice aimed at 
reducing the number and extent of maxillofacial injuries.

Attempts to standardize the recording of injury pattern 
and severity have been made.1 With respect to assessing the 
injury severity associated with maxillofacial trauma, a number 
of scales have been described. These have three important 
uses:

• They promote targeted care (e.g., the Glasgow Coma 
Scale2).

• They help to predict the likely outcome (e.g., the Abbrevi-
ated Injury Scale [AIS]3 and the Injury Severity Score 
[ISS]4).

• They encourage the accurate assessment and outcome of 
critically injured patients (e.g., Acute Physiology and 
Chronic Health Evaluation [APACHE II] Disease Classi-
fication System5).

It is well recognized that scoring systems are useful for 
determining the extent of maxillofacial trauma, but they do 
have a number of drawbacks. For example, whereas the Inter-
national Classification of Diseases (ICD) describes diagnostic 
codes for most injuries,6 in practice the coding for patients 
with multiple craniofacial injuries may be complex,7 and data 
recovery almost certainly introduces bias in retrospective 
studies. There can be little doubt, therefore, that the prospec-
tive, systematic collection of data is always to be preferred in 
considering the etiology of facial injuries.

ASSAULT

From a forensic viewpoint, assault can be defined as the per-
ceived threat of an imminent attack. Any act of physical vio-
lence is legally referred to as battery. In medical parlance, the 
word assault has become synonymous with the act of violence 
itself.

FIGURE 1-1  The  increasing  incidence  of  violence  in  the  United 
Kingdom as demonstrated by government statistics. 
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TABLE 1-1 Etiology of Facial Injuries in Studies from Around the World

Australia7 New Zealand12 Japan16 Norway23 United Kingdom14 USA19 India16 Nigeria39 Tanzania13

Assaults 52 32 15.5 49 52 49 25 43 14.5
RTAs 19 30 38.5 14 16 43 40 27 81
Sports 16 20 16.5 8 19 4 4 9 <2
Falls 10 9 28.5 15 11 3.5 24 18 <2
Industrial 1.5 — 0.3 9 2 0.5 1.3 3 1
Other 1.5 9 0.7 4 — — 1.2 — —

RTAs, road traffic accidents.
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have often considered bony injury in isolation, soft tissue 
lacerations are the most common maxillofacial injuries sus-
tained.26,27 Despite their frequency, soft tissue injuries are 
often overlooked in trauma epidemiology. More than two 
thirds of the injuries sustained in assaults are lacerations; 
almost 40% of all assault victims18 and 95% of victims of 
domestic violence28 have facial lacerations. Soft tissue injuries 
are most frequently inflicted by direct, blunt trauma. Stab 
injuries to the face are uncommon,29 but the use of broken 
glass or blades was responsible for 11% of facial injuries in 
one study.18

A number of studies have considered hard tissue injuries 
in isolation. Assault-related fractures most frequently involve 
(in order of descending frequency) the nasal bones, the man-
dible, the zygoma, and the midface. This contrasts with the 
pattern observed in RTAs, which cause injury principally to 
the midface (see later discussion).

The pattern of injury is affected greatly by the weapon 
selected. In the past, fists, feet, blunt instruments, and broken 
glass were commonly used. More recently, baseball bats and 
automatic and semiautomatic weapons have been more fre-
quently used in premeditated assaults, principally in the 
United States, and this has had a considerable impact on the 
extent and pattern of injuries in some studies.30-32 Despite 
attempts to reduce the incidence of injuries due to assault33 
(including education about alcohol consumption, introduc-
tion of drinking glasses made of toughened safety glass in 
licensed premises, increased policing, and improved street 
lighting), the available data suggest that maxillofacial trauma 
due to assaults and interpersonal violence will continue to 
increase for some time yet.

MEdICOLEgAL dESCRIPTION OF INjURIES

BRUISES OR CONTUSIONS

A bruise is the result of subcutaneous bleeding that occurs 
after an impact from a blunt object. Bruises may be seen 
adjacent to lacerations or abrasions, but they also frequently 
occur without rupture of the skin. The extent of any bruising 
is related to the severity of the impact, the laxity of the tissues, 
the individual’s propensity to bruising, and age (older people 
and children being most susceptible). Particular care needs 
to be taken in trying to correlate the severity of a blow with 
the extent of bruising, particularly in older patients and in 
those taking anticoagulants, who may have disproportion-
ately excessive bruising.

ABRASIONS

An abrasion is a superficial wound that does not fully pene-
trate the dermis. The point at which an abrasion may be 
termed a laceration is not always easy to determine, because 
deeper abrasions frequently bleed (sometimes excessively) 
and therefore must have penetrated the dermis. This is espe-
cially apparent after an RTA in which the victim’s head 
skidded over a gravel surface.

Careful examination of abrasions often reveals a “heaping” 
of skin at the distal end of the impact area. This raised skin 
or small skin tags can indicate the direction of impact and 
therefore can be useful in helping to establish possible causes. 

skeleton.18 The rise in interpersonal violence has directly 
increased the trauma workload, particularly for oral and 
maxillofacial surgeons, and especially with regard to the more 
serious facial injuries.20

With the exception of the sex of the assailant, which is 
usually male, the single most important etiologic factor in 
assault cases appears to be alcohol consumption (by both the 
assailant and the victim). Almost 50% of assault victims are 
found to have an increased blood alcohol concentration 
(>100 mg/dL), and alcohol abuse has been described as a 
contributing factor to assault in almost all independent 
studies.21,22 It is difficult to obtain accurate figures on the 
numbers of assailants who have consumed alcohol because 
so many escape. However, this information is widely reported, 
and the fact that so many assaults take place in or near loca-
tions where alcoholic beverages are supplied gives further 
confirmation to this hypothesis that alcohol consumption is 
an important factor in assault. In the British Association of 
Oral and Maxillofacial Surgeons’ survey of facial injuries (an 
intensive multicenter study), 55% of assaults were related to 
alcohol consumption, and 24% of the facial injuries recorded 
were caused by assaults. However, this study is still incom-
plete, and formal testing of all those involved was not 
possible.

The victims of trauma from assaults are most frequently 
young adult men in the 18- to 25-year-old age group, and  
they are most commonly assaulted by an unknown  
assailant.8 Those affected tend to be employed in manual 
labor, suggesting a possible causal link between social depri-
vation and aggression, but this has not been confirmed in 
other studies.23 Assaults leading to facial injuries typically 
occur in a bar or a public place near a bar and frequently late 
at night18,24; the effects of cumulative alcohol consumption 
compounded by tiredness have not been independently 
studied but may offer a simple explanation for this fact. The 
relationship between alcohol and assault was even clearer in 
a U.K. study which showed that, among those older than 15 
years of age, alcohol consumption was associated with 90% 
of facial injuries occurring in bars, 45% of those occurring in 
the street, and 25% of those occurring in the home situation. 
Almost one quarter of all facial injuries in all age groups were 
related to consumption of alcohol within 4 hours of the 
injury.

Studies in large cities have shown that assaults often occur 
within a relatively limited geographic area and that they tend 
to be focused in areas adjacent to licensed premises.25 Assaults 
make up a slightly larger proportion of facial injuries seen in 
emergency departments in cities (26%) than in county towns 
(21%).

Whereas males are more commonly assaulted by unknown 
assailants, the converse is true of female victims. Typically, 
women are assaulted by a partner or ex-partner, and the 
assault occurs in or around the home. Moreover, a greater 
percentage of women are assaulted at home in county towns 
(52%) compared with cities (38%), and fewer females are 
assaulted in public bars in all environments.

The number of injuries caused by female assailants is 
small, but there is some evidence that it is growing. Again, 
alcohol appears to be the main factor in the etiology of such 
attacks.

The pattern of injury sustained depends largely on the 
implement used. Whereas studies of maxillofacial trauma 
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In the developing world, RTAs still account for the majority 
of maxillofacial trauma,35-38 but the introduction of seat-belt 
and drunk-driving legislation and improvements in car 
design (discussed later) have greatly decreased the incidence 
of fatalities and RTA-associated maxillofacial trauma.39,40 This 
serves to illustrate not only the progress of car design but also 
the benefits of the detailed study of facial trauma. The most 
important factor in determining the extent of injuries sus-
tained in RTAs is the direction of the collision; for example, 
drivers involved in head-on collisions are 18% more likely to 
survive.

In the past 30 years, modern car designers have developed 
an impressive array of safety features to reduce the risk of 
serious injury in RTAs (Fig. 1-2). Some of these are princi-
pally improvements in the design features of the car, such as 
crumple zones, collapsing steering wheels, and side-impact 
bars. Others have involved the development of new technolo-
gies (often adopted from the aviation industry), including 
improved seat restraints, laminated windshields, air bags, 
computerized warning systems, and antilock and assisted 
braking systems.41 Improvements have also been made to the 
environment, such as enhanced road design, better signpost-
ing and lighting, rumble strips, and bright “cats’ eyes.” Recent 
innovations have included car designs that minimize injuries 
to pedestrians or cyclists struck by vehicles.

External Support devices
Supportive and protective devices play a major role in pre-
venting facial injuries and significantly reducing the magni-
tude of the facial damage. They can be divided into protective 
devices that are installed as part of a vehicle or sporting 
equipment and those devices that are carried or worn by the 
individual.

The decrease in maxillofacial trauma associated with RTAs 
has been dramatic. In the United Kingdom, car ownership 
has increased rapidly in the past 20 years, but the total inci-
dence of facial fractures associated with RTAs has decreased 
by one third.42 Most encouragingly, the percentage of all facial 
fractures associated with RTAs has decreased from 46.8% in 
1948 to 18.6% over the same period.34 The severity of injuries 
has also decreased: 54% of RTA-associated midfacial injuries 

Deeper wounds are often accompanied by foreign bodies—
wood splinters, road dirt, paint specks, and the like—all of 
which can be used to provide forensic evidence. It is clearly 
good medical practice to clean wounds before repair or dress-
ing, but few practitioners collect any debris removed from a 
wound, although this practice could be of considerable legal 
benefit.

LACERATIONS

A laceration is a full-thickness wound of the skin that is 
caused by compression of the skin against the bone with a 
blunt object. A blunt weapon such as a fist or a bat may have 
been used, or the head or other body part may have struck a 
blunt object (e.g., in a fall). There is no way of distinguishing 
the cause with certainty unless the wound contains foreign 
matter.

On occasion, it can be difficult to distinguish a laceration 
from an incision, although the former usually shows mild 
inversion of the wound edges on close examination—a feature 
not seen in wounds caused by sharp objects. Lacerations may 
bleed profusely, but they frequently do not because of retrac-
tion of the blood vessels that were compressed during the 
creation of the injury.

INCISIONS

An incision is a full-thickness skin wound that is caused by a 
sharp instrument. If the length of the wound exceeds its 
depth, it is referred to as a slash wound; if the converse is true, 
it is a stab wound.

The clinical appearance of a slash wound is affected by the 
muscular pull and the crease lines of the skin. Such wounds 
may bleed profusely, and it is not always easy to identify and 
occlude vessels that have been cut. From a forensic point of 
view, it is not easy to glean much information from a slash 
wound, although the deeper end of the incision tends to be 
the origin. Ragged edges may suggest a blunter implement, 
but the actual type of implement used cannot be categorized 
with any certainty.

Although stab wounds to the face are less common than 
stab wounds to other sites, they yield more forensic informa-
tion, and good close-up photographs of such wounds should 
be taken before suturing. Multiple stab wounds in the region 
of the neck should lead the clinician to consider a possible 
diagnosis of attempted suicide, although stabbing of other 
areas of the body (e.g., chest, wrists) is more common in such 
cases. The unpredictable direction of the stab may cause 
unpredictable severity to the wound.

ROAd TRAFFIC ACCIdENTS

MOTOR VEHICLE ACCIdENTS

RTAs are a major health problem. In the United States alone, 
they account for an estimated 50,000 deaths and more than 
3 million injuries annually. Although RTAs are frequently 
associated with severe maxillofacial injuries, most of these 
injuries are facial lacerations. In Western countries, the 
highest rate of maxillofacial trauma in many studies occurred 
during the 15 years following World War II (see Table 1-1).34 

FIGURE 1-2  The Smart microcar—small  in  size but big  in  safety 
features. 
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Seat Belts and Lap Belts
Seat belts work in three different ways. Perhaps most obvious 
is the restraint of the person within the vehicle, which pre-
vents their expulsion through the windshield. Seat belts also 
spread the area over which the energy of impact is dissipated. 
Finally, seat belts are made of a fabric that has a slight degree 
of elasticity; this increases the time during which the energy 
of impact is dissipated.

The current three-point combination lap and diagonal belt 
positioned across the pelvis and the rib cage was developed 
by a Swedish aircraft engineer and was introduced in 1959. It 
provides a strong three-point harness with a simple pendu-
lum and ratchet mechanism that locks the belt in sudden-stop 
situations. The lap belt spreads crash forces across the strong 
pelvic bone and keeps the passenger from being tossed 
around inside the car, whereas the shoulder harness spreads 
forces across the rib cage and prevents the upper body from 
jack-knifing forward. In the United States, this three-point 
system has been mandatory in automobiles since 1974 and 
saves thousands of lives each year.45

It is universally accepted that the use of seat belts and lap 
belts is associated with a lower risk of serious injury, particu-
larly to the head and face (Fig. 1-3). The difference in injury 

were at Le Fort II or III levels in 1948-1955, compared with 
8.6% in 1987-1993.34 These dramatic improvements occurred 
after the introduction of drunk-driving legislation in the 
1970s and compulsory seat-belt wearing in 1983: The inci-
dence of facial injuries in patients involved in RTAs was 
reduced from 21% to 6% in less than 2 years.43

Similar findings have been noted in several other coun-
tries. However, Tanaka and colleages15 reported that seat-belt 
legislation in Japan did not make a great difference in the 
pattern of facial injuries, whereas Imai and co-workers44 con-
cluded that the number of midfacial fractures was signifi-
cantly reduced. It is difficult to postulate why these findings 
differed and whether the perceived lack of improvement may 
have been related to poor compliance or to an already low 
incidence of such injuries.

Compliance with seat-belt legislation is another area in 
which there is considerable national variation. Despite the 
proven benefits of seat belts, almost 70% of individuals 
involved in RTAs were not using any form of restraint. Par-
ticularly alarming was a study of pediatric RTA-related facial 
trauma in the United States, which demonstrated that only 
138 of 412 children with facial trauma were restrained at the 
time of impact.

FIGURE 1-3  The combination of  seat belt and  lap belt prevents  the driver’s  face  from striking  the 
steering wheel as well as direct impact of passengers’ faces onto the dashboard or the back of the seat. 
A,  Unrestrained  driver  in  motor  vehicle  accident.  B,  Unrestrained  passenger  in  motor  vehicle 
accident. 

A B
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analysis suggests that, with the exception of sternal fractures, 
injuries previously associated with seat-belt syndrome occur 
in similar proportions in belted and unbelted patients.

Air Bags
Like seat belts and lap belts, the air bag has proved to be effec-
tive in reducing injuries and fatalities in motor vehicle acci-
dents.49,50 They work best for belted drivers, reducing fatalities 
by more than 50%. With unbelted drivers, fatalities are 
reduced by up to one third, and facial injuries are decreased 
due to the prevention of direct facial impact onto the steering 
wheel, dashboard, or seat (Fig. 1-5). Of all automotive safety 
devices, air bags probably provide the single best protection 
for the driver, preventing lacerations and facial fractures. 
Among passengers, air bags have been reported to reduce the 
incidence of facial lacerations but not that of fractures.47

The air bag is a round, inflatable nylon bag that is slightly 
larger than the steering wheel and less than 1 foot in thickness 
at its central section when fully inflated. It is deployed when 
sudden longitudinal deceleration occurs by means of sensors 
located within the forward portion of the vehicle. The deploy-
ment is almost instantaneous, with the bag becoming fully 
inflated in about 0.01 second and coming out of the dash-
board at up to 200 mph. This provides a temporary cushion 
that is subsequently deflated over several seconds by the 
release of hot gases through exhaust ports on the back of the 
air bag. The United States Congress has mandated the instal-
lation of dual air bags in all new passenger cars since 1997 
and in all vans, trucks, and utility vehicles since 1998.

Although severe facial trauma is clearly reduced by the use 
of air bags, some facial injuries still occur. The rapid deploy-
ment of the air bag is caused by a combustion process that 
releases a significant amount of heat, which can burn a 
patient’s face, although the exhaust ports are positioned to 
blow away from the driver. Most commonly, burns attributed 
to air bags are minor and are frictional in nature, resulting 
from the high-velocity impact of the fabric to the face, chin, 
and neck (Fig. 1-6). More serious is the potential for alkali 
burns to the eye caused by the fine aerosol byproducts of 

rate is so significant that the use of these devices is mandated 
by law in all parts of the United States and the United 
Kingdom, and violations are punishable by monetary fines. 
Despite these recognized safety facts, seat belts and lap belts 
frequently are not used (e.g., by up to 33% of front seat occu-
pants), and the results are manifested in trauma registry 
records.

For children, the rate of restraint use is better (78%), 
according to the latest National Pediatric Trauma Registry 
information from 92 centers reporting throughout the United 
States. This probably reflects the effects of pediatric education 
campaigns and the legal requirement for use of restraints in 
children up to the age of 4 years or 40 lb in weight (Fig. 1-4).46

Despite the craniofacial protection provided by seat belts 
and lap belts, severe systemic injuries still do occur in belted 
individuals.47,48 Certain specific injuries occur with belt use, 
including cervical, lumbar, and intra-abdominal injuries; this 
has been referred to as seat-belt syndrome. However, critical 

FIGURE 1-4  Four-year-old girl with nasal and orbital fractures who 
was  not  restrained  in  a  car  seat  at  the  time  of  a  motor  vehicle 
accident. 

FIGURE 1-5  The deployment of air bags significantly reduces the magnitude of facial injuries from 
motor vehicle accidents. A, Minimal facial injuries (abrasions, small lacerations) with the use of an air 
bag in a restrained driver. B, Significant facial injuries (Le Fort fractures) affecting an unrestrained driver 
with no air bag. 

A B
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combustion, which include sodium hydroxide, sodium car-
bonate, and other metallic oxides.51 This risk and that of fric-
tional burns can be decreased by positioning the driver’s seat 
as far back as possible when driving, to decrease the force of 
the air-bag deployment onto the face.

In addition, the risk of injury to children can be reduced 
by never having an infant in the front seat of a vehicle with 
an air bag (or by immobilizing the air bag) and by properly 
restraining children younger than 12 years of age in a child 
safety seat or with a safety belt in the back seat of the car.

Side-impact air bags have also been developed and are 
available on more expensive vehicle models.

Some controversy remains regarding the influence of air 
bags on the pattern of injury sustained in RTAs. However, a 
2000 study conclusively showed that deployment of a driver’s 
air bag in a collision significantly prevents facial fractures, 
although the protective benefit against facial lacerations was 
unproven.50 Another U.S. study reported AIS scores of 1.13 
for subjects using an air bag together with a seat belt, 1.29 for 
those using a seat belt only, and 1.46 for unrestrained 
subjects.

Other Safety Features
Among other safety features that have been introduced, the 
use of laminated safety glass for windshields has virtually 
eliminated the multiple penetrating facial and frontal injuries 
that previously were often seen in emergency departments 
after RTAs.

Summary
Injuries resulting from RTAs typically affect men aged 18 to 
25 years.7 The fractures incurred in these accidents are caused 
by rapid deceleration and direct impact of the head with an 
object, usually with the steering wheel, the frame of the car, 
or the dashboard. Numerous studies have shown that these 
injuries are typically midfacial, principally affecting the nasal 
bones, zygoma, and maxilla. The incidence and severity of 
maxillofacial injuries vary greatly in different parts of the 
world, and in some countries RTAs are still the most common 
cause of maxillofacial fractures.15,35-38,45

FIGURE 1-6  Air bags can cause some minor injuries, particularly 
friction burns. This 35-year-old man suffered significant burns from an 
air  bag,  sustaining  full-thickness  injury  to  the  right  commissure  and 
cheek with resultant severe contracture. 

MOTORCYCLE ACCIdENTS

Motorcycle accidents account for about 50% of all  
traffic-related injuries. Studies have shown that most of  
the remaining injuries involve motor and pedal cycles  
with relatively few pedestrian accidents. The incidence  
and severity of head injuries associated with motorcycle  
accidents has decreased drastically since the mandatory 
introduction of crash helmets and drunk-driving legisla-
tion.47 The risk of death is reduced by almost 30% with the 
use of a crash helmet. Consequently, crash helmets are com-
pulsory even for pedal cyclists in parts of Australia.7 In some 
countries, however, they are not obligatory even for motor-
cycle riders, and in regions of China (where helmet wearing 
is rare) almost 60% of head injuries are associated with 
motorcycle accidents.

The incidence of facial injuries in motorcycle and bicycle 
accidents is predictably significant. On average, between one 
third and one half of all such accidents result in facial trauma, 
depending on the hospital setting, the study population, and 
the case identification methods. The magnitude of the facial 
trauma is understandably higher in accidents involving 
motorcycles as opposed to pedal cycles due to the higher 
speeds involved and the open traffic conditions in which such 
accidents occur.

Helmets
The scientific evidence that helmets protect against head, 
brain, and facial injuries in motorcycle and bicycle accidents 
has been well established by multiple, well-designed, case-
control studies.52,53 Helmet use by motorcycle riders not only 
decreases the risk of facial injuries by more than 50% but also 
is associated with fewer fractures and a decreased number of 
moderate and severe systemic injuries (Fig. 1-7). Studies have 
also shown a lower incidence of facial injuries among those 
riders who use a full-face helmet compared with an open-face 
or jet helmet.

Facial injuries to pedal cyclists occur at a rate comparable 
to that of head injuries. Helmets are protective against trauma 
to the upper and midfacial regions, reducing injuries by two 
thirds. Although a well-fitting helmet covers only the fore-
head, the midface gets some protection, probably through a 
shadow effect. Historically, the use of protective headgear by 
cyclists was quite low throughout the world. Helmet use has 
now risen dramatically in many areas due to community-
wide helmet campaigns and legislative efforts. Because cycle 
speed is an independent risk factor for injury, helmet wearing 
should be compulsory for both recreational riders and serious 
competitors.

Despite the incontrovertible evidence, a large number  
of car occupants and motorcyclists involved in RTAs  
were wearing neither safety belts nor crash helmets at  
the time of the accident. These may be partially explained  
by the association of injuries with the use of alcohol56 
or drugs.52 The other factor that significantly affects the 
severity of injury is the speed at which an accident occurs. 
Because of the dynamics of applied force or kinetic energy  
(K = 12 2MV ), even small increases in speed result in dispro-
portionate intensification of injury. The converse is also true: 
Small reductions in speed reduce the seriousness of the inju-
ries sustained.
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In the United Kingdom, as in the United States, there is at 
present no legal requirement for cyclists to wear protective 
helmets. A 2-year case-control trial in the United States 
reported that 20.7% of patients presenting to emergency 
departments after cycling accidents had serious facial inju-
ries.56,57 After adjustments for age, sex, speed, and road surface, 
it was concluded that helmets reduced the risk of lacerations 
and fractures to the upper and middle face by 65% but had 
no effect in preventing serious injury to the lower face.

One recommendation is that consideration be given to the 
fitting of chin protection, which may decrease the risk to the 
lower face. A prototype helmet of this kind has been devel-
oped (Fig. 1-8). Its acceptance will depend on the creation of 
an ethos among younger people that encourages use of 
helmets rather than resentment of them, as is largely the case 
at present.

The epidemiology of maxillofacial injuries observed in 
pedestrians contrasts markedly with that of drivers, with 
more severe cranial fractures and increased AIS scores. Inju-
ries to pedestrians more frequently affect children, and 
complex craniomaxillofacial trauma is an important cause of 
mortality and morbidity in the community.53

Mountain bike–related accidents show a different profile 
of facial injuries, probably reflecting the terrain in which 
they are ridden (Fig. 1-9). Mountain bike accidents result 
in a higher percentage of facial fractures, especially severe 
midfacial fractures, and more associated systemic injuries. 
This strongly suggests that the addition of faceguards to 
helmets, particularly in this specialty riding group, should 
be considered.

OTHER CYCLINg INjURIES

Cycling has seen a rise in popularity in recent years, and 
much attention has been given to the prevention of head 
injury in cyclists.

FIGURE 1-8  A child’s full-face cycling helmet designed for comfort 
and better facial protection. 

FIGURE 1-7  The lack of any safety gear in low-velocity motorized 
vehicle  accidents  is  a  frequent  source  of  facial  injuries  in  young 
patients. A, An 8-year-old girl with open frontal sinus fractures resulting 
from  a  head-on  collision  with  a  pole  while  driving  a  moped.  B,  A 
14-year-old  boy  with  zygomaticomaxillary  fractures  sustained  while 
driving a motorbike. 

A

B
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gUN ANd WAR INjURIES

War was a feature in some part of the world for almost the 
whole of the 20th century. In addition to conventional war, 
the rise of terrorism has added another dimension to the 
potential for battle-type injuries. Ballistic injuries—from 
bullets, shells, or bombs—produce unpredictable and complex 
tissue damage because of the high-velocity impact, which 
imparts high levels of kinetic energy to the tissues. In addi-
tion, wound contamination is common. Where such conflict 
is prevalent, it is an important cause of facial injuries.

Previous studies showed that 16% of all gun- and war-
related injuries were to the head and neck. However, more 
recent analysis of casualty numbers from Iraq and Afghani-
stan showed a much higher proportion of maxillofacial inju-
ries, approaching 30%.58 This has been explained by the 
improvements in torso protection afforded by the use of body 
armor: Patients are surviving wounds that previously would 
have been fatal. Studies of U.S. servicemen have shown that 
the principal cause of injury at all sites in wartime is shrapnel 
from exploding armaments; some 60% of injuries occurring 

Two recent additions to recreational activities for nonath-
letes that pose facial injury risks are in-line skating (roller-
blading) and skateboarding. Rollerblading has become 
popular, and it provides a good aerobic workout. However, it 
is not without risk, and between 1993 and 1995, almost 
100,000 skaters were injured severely enough to require 
emergency care. Almost 20% of rollerblading injuries were to 
the head, face, or chin (Fig. 1-10). Of these injured skaters, 
almost half (46%) were wearing no safety equipment at the 
time of injury, and only 7% were fully outfitted including a 
helmet.54

In contrast, the traditional form of skateboarding, in 
which jumping and aerobatic maneuvers are done, has always 
been associated with the wearing of safety gear due to the 
more obvious risk exposure (Fig. 1-11). A recent variation of 
this activity is the so-called scooter form of skateboarding, in 
which an upright handle is added to the front of the board 
(sometimes known as a razor scooter). This enables very 
young and inexperienced riders to enjoy this form of skate-
boarding. Injury risk is significant because the front wheel 
beneath the handle is small and can easily get caught in small 
depressions and flip the rider. The presence of the upright 
handlebar puts the face at greater risk than in traditional 
skateboarding, and safety equipment should always be used.

FIGURE 1-9  A teenage boy who sustained severe facial lacerations 
from striking a tree branch while falling from a mountain bike. 

FIGURE 1-10  Facial laceration sustained when the patient fell from 
rollerblades and struck the face on a mailbox. 

FIGURE 1-11  Facial  lacerations  sustained  when  the  patient  fell 
from a skateboard and was struck by the tip of the board. 
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the soft tissues, confirming that investigation of only facial 
fractures or dentoalveolar injuries associated with sports does 
not accurately indicate maxillofacial service demand.

Again, the majority of sports-related injuries occur in men 
aged 18 to 25 years. Moreover, in almost all sports played by 
both genders, there is a positive male/female ratio which has 
varied in different studies from 1.2 : 1 to 3 : 1.

There is seasonal variation in the presentation of patients 
with sports injuries in the United Kingdom. The incidence of 
these injuries is highest at the beginning of the main sporting 
season (i.e., late August through September). This presum-
ably results from the low level of general fitness and lack of 
timing that follow a long period of rest. There is a decreased 
incidence of sports injuries among fit, professional athletes. 
When the type of sport is considered, rugby is the sport most 
commonly associated with facial injuries in the United 
Kingdom. This has been a finding in studies of facial fractures 
in both the United Kingdom and Japan, where rugby is 
increasing in popularity.63-67

Studies in both the United Kingdom and the United States 
have shown that prevention has decreased the number of 
sports-related dental and dentoalveolar injuries.68 The reason 
for the reduction may be the increased use of mouthguards 
and protective headgear, but it may also be due to better safety 
awareness in general.70 The relatively low incidence of facial 
injuries in contact sports may reflect the wearing of mouth-
guards and protective headgear, but it may also be a result of 
underreporting.

Several other factors can be identified in relation to risk, 
including a dental overjet of greater than 5 mm, left-
handedness, and parental attitude. Another obvious factor is 
the relative prevalence of any particular sport. For example, 
although skiing injuries are unknown in countries without 
snow, where skiing is a national pastime, injuries related 
skiing or ice sports may represent a significant proportion of 
the overall workload of the oral and maxillofacial surgeon. 
The occasional skier is particularly at risk due to a combina-
tion of lack of fitness and lack of skill.

FALLS

Injuries sustained as a result of falls are somewhat different 
from other facial injuries because they usually are caused by 
impact onto a static object of variable size and density. 
Whereas maxillofacial trauma associated with assaults, RTAs, 
and sports is found predominantly in the 17- to 26-year-old 
age group, a bimodal age distribution can be identified in the 
pattern of fall injuries. The initial peak occurs during the first 
10 years of life, and the second peak occurs (as frailty 
increases) in patients older than 65 years of age.71,72 In the 
younger age group, boys are predominantly affected, whereas 
women have a somewhat higher incidence of fractures in the 
older age group. The reasons for this distinction are not 
entirely clear but probably relate to changes in bone density, 
with osteoporosis affecting women earlier in life.

The distribution and severity of maxillofacial injuries after 
a fall depend on the terminal velocity and mass of the victim 
and the density, mobility, and area of contact of the object 
that was struck. There are two distinct patterns of fall injuries: 
tripping while walking or running and falling from a height. 
The latter is more common in the developing world, where 

during World War II and 75% of those sustained in the 
Vietnam conflict were from this cause.59,60 In Iraq and 
Afghanistan, improvised explosive devices and other forms 
of explosives have been more common than in previous con-
flicts and account for more than 80% of injuries.59 It is pos-
tulated that these devices are more likely than other weapons 
to produce facial injury, offering a further explanation for the 
change in incidence.62

The pattern and extent of war injuries have changed with 
the development of armaments technology and the use of 
antipersonnel devices. Correspondingly, the role of the max-
illofacial surgeon in the treatment of these injuries has devel-
oped from providing a small amount of technical assistance 
to being pivotal in the management of injured personnel.

Injuries sustained as a result of high-velocity bullets 
impacting the head and neck are frequently fatal because of 
the dispersal of energy distant to the entry site. Whereas in 
past wars, young adult men were those principally affected, 
recent conflicts have produced a dramatic rise in the number 
of women and children who are wounded.63

Although the incidence of war injuries obviously varies 
throughout the world, in Western societies gunshot wounds 
are becoming more common and are most likely to result 
from violent crime or attempted suicide rather than war or 
terrorism.7

Modern warfare has considerably changed the pattern of 
facial injuries, and this can be seen in the evolution of the 
literature on maxillofacial injuries from this cause. In the 
United States, however, shotgun injuries are more commonly 
sustained because of assault or attempted suicide.64 Despite 
figures showing that the United States has an eightfold higher 
incidence of gun fatalities than all its economic counterparts 
combined, the American gun lobby remains a powerful and 
vocal body, presenting gun ownership as a human rights 
issue. It is salutary to realize that more than 30,000 people die 
annually in the United States alone as a result of gunshot 
wounds; of these, approximately half are suicides.

SPORTS INjURIES

Participation in sports has become increasingly popular, and 
this has focused attention on the epidemiology of sports inju-
ries. A limited number of studies have investigated the causes 
and types of maxillofacial injuries associated with sports.65 
Workers have investigated both the overall distribution and 
severity of sports trauma and that associated with individual 
sports.66-69 It must be remembered, however, that the treat-
ment of such injuries relates not only to the repair of maxil-
lofacial and dentoalveolar fractures but also to the treatment 
of soft-tissue injuries.

There are several ways of classifying generalized sports 
injuries, but they have commonly been described as acute or 
repetitive. However, most injuries in published surveys of 
maxillofacial trauma are acute. The etiology of sports-related 
trauma varies according to the type of sport played. Conse-
quently, the reporting of sports injuries varies considerably 
among studies from different countries as well as among 
studies of specific sports.65,67,68 Whereas the face is the most 
frequently affected area of the body in some studies, in others 
the limbs are more commonly affected.67 A prospective U.K. 
study demonstrated that almost 80% of injuries affect solely 
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traumatized teeth. Early removal of impacted third molars 
and subsequent replacement by bone decreases the risk of 
mandibular angle fracture later in life, although this is not an 
indication for prophylactic removal of wisdom teeth.

PREVENTION THROUgH ExTERNAL  
SUPPORT dEVICES

Mouthguards and Protectors
With the increased participation and competitiveness of ath-
letics around the world, sports-related injuries are occurring 
more frequently. In particular, orofacial trauma to the teeth, 
gums, and lips is more prevalent. Fractured, partially avulsed, 
and completely knocked-out teeth are common, with 

lack of safety measures and design inadequacies frequently 
contribute to accidents, particularly among children. In most 
published series from the developing world, falls are the 
second most frequent cause of maxillofacial injuries, account-
ing for up to 40% of such injuries in some studies but 15% to 
20% more commonly.

The actual injury pattern in this type of accident is affected 
by the ability (or inability) of the victim to cushion the fall 
with outstretched arms and to involuntarily rotate the head 
as it approaches its target. In high-speed falls, the central 
section of the face is more vulnerable, and there is a tendency 
to sustain dentoalveolar injuries, avulsed teeth, fractured 
nasal bones, and abrasions. If the arms are pushed forward, 
there is usually rotation of the body and head so that the 
injury pattern is more often unilateral, with the zygoma and 
mandible more frequently involved. For some reason, the left 
side of the face is slightly more commonly affected than the 
right side. Younger patients tend to have higher rates of distal-
extremity injuries from falls, whereas the elderly tend to have 
a more central type of injury involving the face and scalp, 
possibly because of diminished protective reflexes. Repeated 
falls in the elderly should be thoroughly investigated to deter-
mine whether there is a treatable medical or social cause for 
the falls.72

Although falls cannot be completely eliminated, many can 
be prevented. In the developing world, working and living on 
mountainous terrain, inadequate or absent railings, and 
open-plan windows all increase the risk of falls. All of these 
situations are readily amenable to safety improvements (at a 
comparatively low cost). They are relatively rarely implicated 
as causes of injury in developed countries, where legislation 
and fear of litigation often dictate safety design features.

PREVENTION OF CRANIOMAxILLOFACIAL 
TRAUMA

MEdICAL PREVENTION

The primary arena for medical prevention of craniomaxillo-
facial trauma is in the use of medications to treat various 
abnormal physiologic conditions that may result in trauma 
due to falling. Such conditions include circulatory distur-
bances and vasovagal reactions, transient ischemic attacks 
due to intracranial or carotid vessel arteriosclerosis, and inad-
equate insulin replacement in severe diabetes. This pharma-
cologic approach is aimed at preventing loss of consciousness 
and subsequent falls.

One of the most common traumatic effects from facial 
accidents is dental injury. Tooth fracture, luxation, and avul-
sion can be partially prevented in some patients by proper 
and regular dental care and maintenance. The preservation of 
alveolar bone height through long-term tooth retention and 
periodontal care can prevent complete tooth avulsion in some 
cases and may make it more likely that splinting of loose teeth 
will be successful. In addition, some facial injuries are avoided 
by better maxillomandibular bone stock preservation, because 
more force can be absorbed and transferred without fracture 
(Fig. 1-12).

Orthodontic or orthognathic correction of severe maloc-
clusions, particularly those in which the anterior teeth are in 
a proclined position, can help decrease the number of 

FIGURE 1-12  Significant  loss of alveolar bone  (edentulous  state) 
weakens the jawbones and predisposes them to fracture. A, Fracture 
of mandibular body. B, Repair of severe zygomaticomaxillary fracture 
in edentulous maxilla. 

B

A
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risk of mandibular angle and condylar fractures. When prop-
erly fitted, mouthguards are comfortable to wear, rarely cause 
gagging, and provide no obstruction to breathing.

Mouthguards come in two basic types: stock (“boil and 
bite”) guards, which are typically available in retail stores, and 
custom-fabricated guards, which are made by a dentist. Stock 
mouthguards do not fit as accurately as custom guards, are 
often uncomfortable, and frequently interfere with breathing 
and speaking. In addition, stock guards provide a false sense 
of protection from the dramatic decrease in interocclusal 
thickness that occurs when one bites it into place in the soft-
ened state. Given that the total replacement cost for a single 
knocked-out tooth is more than 20 times the cost of a custom-
fabricated mouthguard, it makes sense that every person 
should wear one if the sport involves contact or the possibility 
of falling. This is especially true in sports such as football, 
hockey, basketball, boxing, rugby, lacrosse, martial arts, 
soccer, skating, and cycling, in which traumatic contact can 
be expected.

Although the overall severity of maxillofacial sports inju-
ries tends to be less serious than for injuries sustained in 
assaults or RTAs, facial bone fractures remain common.64 
Research has shown that the number and severity of these 
injuries can be reduced with appropriate rule changes and 
improved protective clothing where necessary. Vacuum-
formed mouthguards are particularly effective at preventing 
dental injuries, and the newer, bimaxillary mouthguards (Fig. 
1-14) provide added support to the mandible. Whether these 
devices decrease the risk of injury to the mandible or maxilla 
is uncertain, but they are popular with players once they have 
gotten used to them.

Overall, however, attitudes to mouthguards remain prob-
lematic, with evidence that both players and coaches some-
times do not support their use. Despite all the published 
studies supporting the effectiveness of mouthguards, large 
numbers of players are still not convinced of their effective-
ness and personal desirability. It is difficult to know how far 
sports’ governing bodies should be encouraged to enforce 

FIGURE 1-13  Dentoalveolar  injuries  are  common  among  sports 
participants and can be reduced by wearing a mouthguard. A, Loose 
teeth  and  crown  fracture  from  a  mouth  injury  in  a  soccer  player.  
B, Multiple avulsed/fractured teeth and a mandible fracture sustained 
during a rugby match. 

A

B

FIGURE 1-14  A  bimaxillary  mouthguard  protects  the  teeth  and 
possibly the jaws. (Design and photograph courtesy Mr. P. Millward, 
Cardiff, UK.)

associated lacerations to the gums, tongue, and lips (Fig. 
1-13). In the United States, the National Youth Sports Foun-
dation estimated that more than 5 million teeth are knocked 
out and more than 200,000 other oral injuries occur during 
sporting activities each year. Many orofacial injuries can be 
prevented through the use of a mouthguard.71

Although mouthguards have been used in boxing for 
almost a century and have been advocated by the American 
Dental Association in football and hockey for several decades, 
many participants in other sports (e.g., basketball, soccer, 
baseball, rugby) have been reluctant to wear them. The ben-
efits of wearing a sports mouthguard have been well docu-
mented. In (American) football, where mouthguards are 
mandatory, fewer than 1% of all injuries involve the teeth and 
mouth. Conversely, in basketball, where mouthguards are not 
routinely worn, more than one quarter of all player injuries 
involve the teeth, tongue, and lips.69,70

Mouthguards provide a number of advantages to both 
amateur and professional athletes. Most obvious is the protec-
tion of the teeth, which is achieved by the use of a plastic 
interface to separate the dental arches. Mouthguards protect 
against oral lacerations and contusions by holding the lips 
and cheek tissues away from the teeth. In addition, they 
absorb and distribute the force of the impact, decreasing the 
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protective measures, but the medical profession could clearly 
do more to promote the message of effectiveness of such 
measures in preventing injury.

The cost to society as a whole of failing to reduce the rates 
of sports-related injuries is considerable, and the balancing of 
individual freedom against corporate responsibility is not 
easy. What is certain is that good protective measures are 
effective (see, for example, Castaldi’s paper70 about the effect 
of protective measures in hockey) and can be promoted 
wholeheartedly to try and induce societal change.

Eye Protection
Sports injuries are a common mechanism of ocular trauma 
and typically occur in ball-related activities. The curved 
surface of a small-sized ball is capable of bypassing the sur-
rounding protruding orbital rims and making direct contact 
with the globe. It is estimated that more than 100,000 sports-
related eye and orbital wall injuries requiring physician evalu-
ation or treatment occur annually in the United States. 
Baseball players are particularly at risk: Roughly 10% to 20% 
of all injuries in the sport occur to the face, accounting for 
almost one third of all sports-related eye injuries. Other ball 
sports with significant ocular trauma risk are handball, 
squash, racquetball, and basketball.

Virtually all ocular injuries should be preventable with the 
appropriate protection. Protective eyewear such as goggles 
should be composed of shatter-resistant plastics that wrap 
around the lateral rim of the orbit for maximal globe protec-
tion (Fig. 1-15). Failure to use safety gear is largely due to 
comfort considerations and lack of perceived risk by the 
participant.

Eye protection can significantly influence the outcome of 
explosive injuries in martial conflicts.73 Their use by troops is 
variable.

PROTECTION THROUgH EdUCATION

Education in all aspects of life in which the face is exposed to 
trauma is important, including motorized and pedaled trans-
portation and other outdoor activities. In most of these expo-
sures, the face is known to be at risk and protective devices 
are recommended and commonly used.69 In examining dif-
ferent sports, the incidence of facial injury compared with 
injury to other body locations varies from 26% in ice hockey 
to 36% in wrestling, 11% in basketball, 7% in baseball, 7% in 
handball, and 4% in skiing.

Numerous other risk exposures are not as easily recog-
nized. One that deserves special mention because it is often 
a source of severe facial disfigurement and scarring is that of 
dog bites, for which education is the only means of preven-
tion. Dog bites commonly occur in small children and teen-
agers, in whom the evidence of the repaired facial injuries will 
remain for the rest of their lives. In the United States, several 
million people are bitten each year, one every 40 seconds. 
More than 300,000 of these dog-bite injuries require emer-
gency treatment, leading to more than 6000 reconstructive 
surgeries and hospitalizations and almost 20 deaths per year. 
Total medical costs related to dog bites exceed $250 million 
per year, and the cost of the associated human suffering is 
incalculable.74

More than 60% of dog-bite victims are children, with the 
highest incidence occurring among those younger than 15 

FIGURE 1-15  The  potential  injuries  from  orbital  trauma  can  be 
reduced by use of proper safety eyewear. A, A 27-year-old woman 
with an orbital floor blowout fracture after being struck in the eye with 
a softball. She was not wearing protective eyewear. B, A 25-year-old 
man  with  severe  facial  lacerations  and  orbital  fractures  from  being 
struck by the loose cable of a chainsaw. He was not wearing protective 
gear. 

A

B
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FIGURE 1-16  Dog bites are common sources of facial  injuries in 
young children. A, Multiple puncture marks in a 2-year-old boy which 
occurred while he was playing (unsupervised) with a neighbor’s dog. 
B,  Severe  facial  lacerations  in  a  3-year-old  who  tried  to  kiss  an 
unknown dog. 

A

B

FIGURE 1-17  Typical  commissure  burn  in  an  18-month-old  boy 
who chewed on an electrical cord. 

years of age, who frequently are bitten in the face, neck, and 
head (Fig. 1-16). A 10-year retrospective internal review of 
all dog bites from the trauma registry (143 cases) at the Riley 
Hospital for Children in Indianapolis, Indiana, revealed 
several interesting and underappreciated findings. In 84% of 
cases, the dog was either a family pet or well known to the 
victim (i.e., belonging to a neighbor or a relative). Most dog 
bites occurred when the dog was on the owner’s property 
(89%). Seventy-two percent of the dog-bite patients were 
infants and children younger than 5 years of age. The three 
breeds most commonly identified as biting were pit bull ter-
riers, chows, and rottweilers, which together made up 64% of 
the identified dogs.

Although dogs provide a wonderful source of companion-
ship and pleasure, one must be aware that dogs are not human 
and may not always respond to certain situations in a com-
pletely predictable manner. This is particularly true when 
dogs are around children, who often do not appreciate that 
their behavior may be unsettling to the dog. Education  
can be helpful in reducing the risk of dog-bite injuries. The 
American Society of Plastic Surgeons endorses the following 
messages:

• Never approach an unfamiliar dog.
• Never run from or scream at a dog.

• Do not disturb a dog while it is eating, drinking, sleeping, 
or caring for puppies.

• If a dog knocks you over, roll into a ball and stay still.
• Never allow a child to play with a dog unless supervised 

by an adult.
• Do not stare a dog directly in the eyes.
• Do not touch a dog without allowing it to see you and sniff 

you first.

Another preventable facial injury that is unique to pediat-
ric patients is the electrical commissure burn. This low-
voltage electrical injury occurs when infants or children chew 
or suck on the live end (female end) of an electrical cord (Fig. 
1-17). The combination of a violation of the plastic covering 
and the electrolyte-rich saliva from the mouth completes an 
electrical circuit as an arc burn. This can generate tempera-
tures as high as 2500° C, causing extensive local tissue damage 
at the corner of the mouth with eventual sloughing, scar 
replacement, and subsequent contracture and microstomia. 
Whereas the lip injury can be initially treated with oral splints 
or a secondary surgical commissuroplasty, it can be com-
pletely prevented by covering electrical outlets, replacing old 
appliances and lights, and curbing the curiosity of toddlers 
who are prone to oral investigation.

The incidence of injuries to the head, neck, and face is high 
in cases of domestic violence, and women are the predomi-
nant victims (Fig. 1-18). Research indicates that approxi-
mately two thirds of these women suffer injuries about the 
face, and such injuries can be used as a diagnostic marker in 
the emergency department. This anatomic location of injuries 
is so significant that a woman presenting for evaluation of 
facial injuries is 7.5 times more likely to have experienced 
domestic violence than a woman with injuries limited to 
other locations.75 This suggests that any woman who presents 
to the emergency department for evaluation of injuries not 
related to RTAs or sports accidents is at high risk for being a 
victim of domestic violence. Most of these injuries are caused 
by blunt trauma and commonly consist of facial bruising and 
abrasions, lip lacerations, and nasal fractures. Education and 
counseling remain the only preventive modalities for this 
cause of facial injury.

SHIFTINg ETIOLOgIC FACTORS

Oral and craniomaxillofacial surgery has emerged as one of 
the most progressive specialties of recent years. This has led 
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to predict the extent of such change. At the start of a new 
millennium for Western society, despite improved safety 
design, increased legislation, and the absence of widespread 
war, there are two important factors that will probably 
increase the need for maxillofacial trauma services in the 
coming decades. First is the continuing rise in interpersonal 
violence. Although Western society may well address the 
problems caused by excessive alcohol consumption (like ciga-
rette smoking, excessive drinking is starting to become more 
socially unacceptable), other drug-related injuries and crimes 
are likely to continue increasing. The growth of legal (foren-
sic) medicine will probably continue unabated, and clinicians 
will require more training in forensic techniques.

Second, the increasing age of the population will probably 
result in an increased prevalence of fractures in older people, 
and these fractures are more difficult to treat and slower to 
heal than in younger people. Research into aging and healing 
processes may offer advances in this area, but change is 
unlikely to be rapid.

Increasing globalization and population drift through 
immigration and emigration also make the future difficult to 
predict. With diverse cultures aspiring to move closer together, 
while at the same time retaining their own identity, it is con-
ceivable that there could be some convergence of the etiologic 
patterns of maxillofacial trauma in the developed and devel-
oping worlds.

Although Western populations tend to oppose too much 
health and safety regulation, the challenges facing the devel-
oping world are to implement safety and design legislation 
that will minimize RTAs and falls while acting simultaneously 
to prevent injuries relating to violent crime and assault.  
Here, the changing pattern of injuries places a considerable 
demand on those responsible for the planning of health care. 
There is a need not only to plan service provision and man-
power requirements but also to be aware of the continually 
changing incidence and nature of the injuries sustained. Pro-
spective monitoring of the causes, severity, and treatment 
outcomes of maxillofacial trauma must assume a higher 
profile if accurate service planning is to take place. Informa-
tion on these factors then needs to be shared more widely. If 
these things occur, it should be possible to balance the provi-
sion of health care with service demand in the most optimal 
way.
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Medicolegal Implications  
of Facial Injuries

C HA P T E R 

Barry L. Eppley, Miriam A. Farley

As societies become increasingly litigious, there is a 
considerable likelihood that a surgeon treating 
patients who have sustained facial injuries will become 

a participant in the litigation process. The prominent visibil-
ity of the face and its importance to each individual ensures 
that its physical characteristics and emotional perspective are 
both highly valued and guarded.

Most likely, this participation will involve a civil suit in 
which the patient is taking action against the driver of a car, 
an employer, or the owner of a dog. From this perspective, 
the physician is providing information on the extent of the 
wounds, the care provided and that potentially needed, and 
any permanent injury (e.g., scars, dysfunction). As medical 
insurers become increasingly vigilant and more financially 
restrictive, the physician who participates in the care of the 
facial wound may also assist the patient’s legal representative 
in obtaining the maximal medical benefits that are due under 
the guidelines of the health policy. Lastly, the specter of being 
a named defendant in a medical liability suit is an ever-
present consideration, albeit the most unpleasant one.

When treating an individual with a facial injury, the 
surgeon must be aware that, as the medical record is being 
created, a legal record is simultaneously being formed. The 
recording of patient information through emergency depart-
ment records, hospital charts, office notes, or operative 
reports establishes unchangeable evidence of what occurred 
and how the patient was medically treated. Being as meticu-
lous in clinical record keeping as in the treatment of the 
patient will always serve the physician well.

Several aspects of the legal system are worth reviewing so 
that the treating physician may have some perspective on the 
medicolegal process. This information is useful because it 
relates to how these issues may directly affect the care deliv-
ered and how such events may be interpreted in the future. 
The first part of the chapter is written primarily from the 
perspective of the legal system in the United States and the 
second part for the United Kingdom; it is acknowledged that 
many countries have different medicolegal laws that are vari-
ably enforced.

TORT LAW

Tort law is the branch of the law through which an aggrieved 
individual seeks compensation to right a wrong that was done 

to him (or her) in a civil context, usually the wrongful act of 
another person. However, failure to act when there is a legal 
duty to do so may also subject the wrongdoer to liability for 
his omissions. Some wrongful acts may be criminal in nature 
(e.g., battery) as well as being a civil tort. If the wrongdoer is 
prosecuted criminally, he (or she) may also be subject to civil 
liability without double jeopardy.

The most common tort for which a facial reconstructive 
surgeon may become involved in litigation is negligence. 
Although the surgeon treating facial injuries need not be 
overly concerned with the legal definition of negligence, its 
proof requires four separate elements: (1) the existence of a 
duty, (2) breach of the duty, (3) causation (between the breach 
of duty and harm suffered), and (4) damages.

Negligent operation of a motor vehicle may be the most 
common type of tort resulting in a facial injury. This usually 
occurs when an individual suffers injuries from being hit by 
a car operated by another driver. More rarely, an action may 
originate from an injured passenger against the driver of the 
motor vehicle in which the person was riding. Animal bites, 
particularly in children, are an especially obvious injurious 
circumstance in which litigation rates are high relative to the 
occurrence of injury (Figs. 2-1 through 2-3). Unsafe mainte-
nance of premises, manufacture of defective products, and 
intentional torts such as battery are also commonly encoun-
tered in clinical practice.

THE TREATINg PHYSICIAN ANd LITIgATION

When a physician encounters a patient with a facial injury 
and there is some suspicion that tort litigation may result, he 
should be thinking of his potential role in any lawsuit.

Documentation is of the utmost importance. This means 
that records should be complete, accurate, and without edito-
rial comment. The events that resulted in the facial injury 
should be noted in the patient’s medical record. The presence 
of underlying medical conditions, such as acute drug or 
alcohol intoxication, is a very important part of the initial 
medical record. However, if the physician is going to docu-
ment the use of illicit drugs or alcohol, he must not speculate, 
and there should be confirmatory medical test results to 
support these comments.

Documentation of a facial injury should go beyond a 
written chart note or dictated operative report. Exact 
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measurement of all lacerations should be taken and recorded, 
either in the emergency department note or as part of the 
operative report. Such wound measurements are often taken 
anyway, because the billing of wound closures (CPT codes) 
is based on the length and depth of the wound. Diagrams may 
be helpful, but preoperative and postoperative photographs 
are invaluable and should be taken whenever possible. Digital 
photography is the standard. Today’s cell phones have such 
good-quality cameras that there is little reason why photo-
graphs cannot easily be taken and transferred to the patient’s 
medical record (Fig. 2-4).

There is no aspect of medical care in which photographs 
are more widely helpful than the treatment of facial injuries. 
The establishment of visual documentation in the medical 
record has numerous merits in the present and potential 
future care of the patient. Thorough documentation of facial 
injuries creates a record for the patient to review in the future. 
This serves to educate the patient about the severity of the 

FIGURE 2-1  Facial deformity secondary to untreated zygomatico-
maxillary fracture. 

FIGURE 2-2  Forehead and facial nerve transection (frontal branch) 
due to dog-bite injury from a neighbor’s pet. 

FIGURE 2-3  Scars resulting from extensive facial lacerations after 
the patient was hit by a drunk driver. 

FIGURE 2-4  Facial trauma patients whose photos were taken with a digital camera and immediately 
downloaded to a laptop for storage, showing a partial scalp avulsion (A) and facial scars resulting from 
lacerations (B). Such digital images can easily be sent by e-mail or burned onto a disk. 

A B
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can cause some cases to proceed toward trial despite full 
cooperation in providing the medical information that is 
available.

dEPOSITION ANd TRIAL TESTIMONY

There are two types of depositions in the litigation process: 
discovery (or evidentiary) depositions and trial depositions.

dISCOVERY dEPOSITIONS

The purpose of a discovery deposition is to learn what the 
deponent’s testimony is likely to be at trial. Discovery deposi-
tions are usually taken by defense counsel. Because all deposi-
tions are given under oath, and under the penalties for 
perjury, defense counsel will seek to build a record that may 
be used at trial to impeach the deponent’s credibility if there 
are inconsistencies or inaccuracies.

The attorney conducting the deposition will ask a series  
of questions, usually beginning by asking the deponent-
physician about his medical education and training. After the 
preliminary questions have been asked and answered, the 
substance of the legal case will be explored. Unlike examina-
tion at trial, leading questions are permissible on direct exam-
ination. Objections may be made by the plaintiff ’s attorney, 
but the custom in most jurisdictions is for the deponent to 
go ahead and answer once the objection has been stated, 
unless advised otherwise. The admissibility of the objections 
to questions and answers at trial will be decided by the trial 
judge at a later date. If the plaintiff ’s attorney and the defense 
attorney disagree as to whether a particular question should 
be answered, they may seek to contact the trial judge for an 
impromptu ruling, or they may skip the question for the time 
being and have the deponent answer it at a later date, if that 
is in accordance with the trial judge’s ruling.

In most jurisdictions, deposition testimony in one matter 
is admissible in another. If there is a significant chance of a 
subsequent medical malpractice action arising from the care 
rendered to the plaintiff, the physician would be wise to seek 
counsel before attending any deposition. Although medical 
negligence laws vary from state to state, a showing of negli-
gent care usually must be present if the plaintiff is to prevail 
in a medical malpractice suit. A mere unsatisfactory medical 
outcome in the absence of negligence will not typically suffice. 
However, the requirements for filing a medical malpractice 
action are not as burdensome as those for sustaining the 
charges of negligence, so a physician may become a medical 
malpractice defendant even if the suit is largely without merit.

TRIAL dEPOSITIONS

The other type of deposition is a trial deposition. Most juris-
dictions allow for some depositions to be conducted outside 
the courtroom and either read into evidence at trial or 
recorded on audiotape or, more commonly, videotape. A 
common setting for a trial deposition to be conducted in this 
fashion is when the witness is a physician whose schedule 
does not allow live testimony at trial. Typically, the plaintiff ’s 
attorney prefers treating physicians to give live testimony, 
because it holds the jury’s attention better than a videotape. 
The plaintiff ’s attorney usually seeks to have the treating 

initial injuries. This is very useful, because many facially 
injured patients will need reconstructive surgeries or scar 
revisions. An appreciation of the original problem may help 
the patient understand why such procedures are necessary. 
Furthermore, if a physician is going to become involved in 
any litigation, either willingly or reluctantly, good photo-
graphic documentation of the facial wounds will help both 
parties to understand the nature and severity of the injuries 
and may increase the likelihood of a settlement before trial 
or sometimes before a suit is filed.

The more ambiguous the nature and extent of the injuries 
appear in the medical record, the more room the attorneys 
will have for arguing a position that is favorable to their client, 
leaving the treating physician in the middle of a legal tug-of-
war in which he is not likely to be an enthusiastic 
participant.

THE LITIgATION PROCESS

The treating physician may expect litigation if the patient has 
suffered severe, extensive, or disfiguring injuries in a setting 
of potential negligence. The first concrete indication of a 
lawsuit is a request for medical records made by the plaintiff ’s 
attorney. Each state has its own statutes governing the han-
dling of medical records requests, and it would be prudent 
for the physician to become familiar with the laws in the state 
in which he practices. Under no circumstances should origi-
nal records be provided; copies should be sent, with the origi-
nal records kept in the physician’s office at least as long as 
required by state laws. If litigation is ongoing, a patient’s 
medical records should not be purged from the files simply 
because the statutory time for maintenance of medical records 
has expired. Additionally, a patient’s confidential medical 
record should never be duplicated and forwarded in the 
absence of a properly executed release form signed by the 
patient or the patient’s guardian.

Usually, the provision of medical records does not end the 
physician’s involvement in the underlying legal matter. The 
pace of personal injury litigation is most often driven by the 
plaintiff ’s attorney; therefore, the physician’s first contact is 
likely to be the attorney who is representing the patient. 
Depending on the attorney’s style and practice habits, the 
physician may be asked to participate in an informal confer-
ence. Frequently, the plaintiff ’s attorney asks for a narrative 
statement to record in writing the content of the conference 
with the attorney. Typically, the physician is asked to respond 
to very specific questions regarding the cause of the plaintiff ’s 
injuries, history and physical examination findings, treat-
ment, and prognosis. Some plaintiffs’ attorneys choose to 
forego the conference, especially if there is not sufficient 
funding for the case, and simply ask for a narrative report.

Many physicians do not like to become involved in litiga-
tion, even if they are not a party to it. However, physicians 
can always be subpoenaed to testify at a deposition or trial, 
so this task cannot be completely avoided. In general, cases 
are far more likely to be settled in advance of trial if both sides 
have reasonable expectations and as much information as 
possible about liability and damages. If the response to a 
request for a narrative report is both clear and complete, the 
prospects for early settlement are better. However, there may 
be matters and issues beyond the physician’s control, and this 
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role of the expert is largely the same, regardless of the juris-
diction. Rule 702 of the Federal Rules of Civil Procedure states 
the following regarding expert testimony:

If scientific, technical, or other specialized knowledge will 
assist the trier of fact to understand the evidence or to deter-
mine a fact in issue, a witness qualified as an expert by knowl-
edge, skill, experience, training, or education, may testify 
thereto in the form of an opinion or otherwise, if (1) the 
testimony is based upon sufficient facts or data, (2) the testi-
mony is the product of reliable principles and methods, and 
(3) the witness has applied the principles and methods reli-
ably to the facts of the case.

The role of the expert is to explain to the jury what is 
outside the range of knowledge of the ordinary layperson. 
Unlike lay witnesses, expert witnesses may give their opinions 
and are not restricted to a recitation of facts. Furthermore, 
expert witnesses may testify as to their opinion on ultimate 
issues, even though the trier of fact will make the final 
determination.

A common source of referrals for physicians to serve as 
expert witnesses in cases where they did not render care is 
from law firms that practice insurance defense law. Most 
jurisdictions allow for an independent medical examination 
by a physician chosen by defense counsel for this purpose. A 
physician who is engaged in an independent medical exami-
nation typically reviews the plaintiff ’s medical records, 
imaging studies, and any other data that are relevant to the 
issues of causation or damages. The rules of trial procedure 
in most jurisdictions require personal injury plaintiffs to 
submit to independent medical examinations, because the 
plaintiff is putting his or her medical status into the contro-
versy. The independent medical examiner is expected to write 
a report of findings, including conclusions, a copy of which 
will be delivered to the other attorney on request.

Like the treating physician, the independent medical 
examiner may be subject to being deposed at a discovery 
deposition and perhaps at trial. Most jurisdictions allow for 
questioning of independent medical examiners regarding 
their prior testimony (in other cases) and the income derived 

physician play the role of a teacher for the laypeople on the 
jury, taking the medical evidence and making it easily under-
standable. In certain cases, especially when a medical device 
(e.g., metal plate and screws) has been used, the plaintiff ’s 
attorney may bring a similar device into the courtroom, have 
the treating physician explain its function, admit it into evi-
dence, and perhaps pass it to the jury for inspection.

A good attorney will prepare witnesses in advance of trial 
testimony. The attorney wants answers that are responsive to 
the questions asked without going too far afield. Testimony 
should give the appearance of being thoughtful and complete, 
without seeming rehearsed or staged. In cases involving facial 
injuries, the plaintiff ’s attorney may seek the physician’s guid-
ance about the use of demonstrative aids. Photographs, dia-
grams, and illustrations are commonly used, especially when 
the damages are severe or the anatomy is complicated (Fig. 
2-5). Sometimes the attorney requests several conferences 
with the testifying physician in advance of trial to make the 
presentation smooth and to anticipate the questions which 
are likely to arise on cross-examination by defense counsel. If 
liability is admitted by the defendant or is clearly apparent, 
the treating physician probably will be the main witness and 
the focus of attention for the trial.

The same caveat applies to trial testimony as to deposition 
testimony: Any statement made by the physician in the course 
of trial testimony is made under oath, under the penalties for 
perjury, and may be admissible as evidence in other matters. 
Variations or departures from the truth are to be strictly 
avoided.

THE PHYSICIAN AS AN ExPERT WITNESS

Most commonly, the physician caring for an individual with 
facial injuries will be asked to testify as a treating physician, 
but there are other circumstances in which testimony might 
be given. The term expert witness sometimes refers to a physi-
cian who is called to testify on the basis of specialized knowl-
edge even when not involved in the treatment of the individual 
patient. However, most treating physicians are deemed to be 
expert witnesses as well. Jurisdictions vary as to the evidence 
required to designate a physician as an expert witness, but the 

FIGURE 2-5  Artistic renderings of the intraoperative repair of a patient’s facial injuries, which were 
used for illustration to a jury. A, Zygomaticomaxillary repair. B, Orbital repair. 
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but rather to the standard of care in his particular medical 
community (the “locality rule”). Many jurisdictions have sup-
planted this doctrine with the “modified locality rule,” which 
allows for a physician’s care to be judged by a standard in a 
similar community, not necessarily the same community in 
which he practices. Because medical negligence cases require 
an expert opinion, it can be difficult in smaller communities 
to find a plaintiff ’s expert to testify critically about the care 
given by another member of the same medical community.

Because of advances in technology and the abundance of 
seminars and written materials, some jurisdictions are moving 
toward a national standard of care. If this trend progresses, it 
would be detrimental to practitioners in smaller communities 
with less sophisticated medical resources, who currently are 
not held to the same standard as their counterparts in large 
urban centers. This is a developing area in medical negligence 
law, and its progress should be carefully monitored by Ameri-
can physicians and organized medicine.

CONTROVERSIES

Although few physicians relish participating in the medico-
legal process, treating patients with facial injuries is likely to 
lead to multiple interactions with attorneys and the courts. 
This is inevitable and should not be viewed as controversial 
or undesirable. It is an inherent part of helping patients 
recover from facial injuries. It is not as glamorous nor as 
appealing as surgical reconstruction, but it is very important 
for many patients who will be scarred or deformed or suffer 
some lifelong orofacial dysfunction.

The acquisition of digital imaging data can be a two-edged 
sword. Whereas every patient has a legal right to his own 
imaging information, including preoperative, intraoperative, 
or postoperative photographs, the question frequently arises 
as to how much of this information should be given volun-
tarily to the patient. Many patients are aware that some or all 
of these records exist and will request copies of them. Increas-
ingly, patients are asking for their photographic file to be 
e-mailed to them. Often this contains intraoperative images 
of procedures and very explicit illustrations of open facial 
anatomy. Whether patients or their families can emotionally 
handle or should be exposed to such dramatic images of 
themselves is debatable. This situation creates an obvious 
ambiguity between what the patient is legally entitled to see 
and what the physician thinks is appropriate for patient 
viewing. Recognizable images of the patient and any use 
thereof are clearly within the release discretion of the patient. 
Unrecognizable images of intraoperative procedures, even if 
of the patient, are often thought to be within the province of 
the physician. The exact legal precedence on these issues 
remains to be established.

CONCLUSION

Facial injuries frequently result in medicolegal concerns due 
to the potential for resultant disfigurement and dysfunction. 
Most commonly, the treating physician becomes involved as 
a source of medical information to chronicle the history of 
care provided since the initial injury and the potential need 
for future reconstructive surgeries. In this role, the physician’s 

from it. An expert who derives a substantial portion of his or 
her income from testifying in court, particularly if it is usually 
for the same side, may appear to have diminished credibility 
and may be perceived as a “hired gun.”

MEdICAL MALPRACTICE

Almost every practicing physician has had a malpractice 
concern, be it real or imagined, at one time or another. Typi-
cally, concern arises in situations in which there was a less 
than desirable medical outcome. It is well known that the best 
safeguard against being named as a defendant in a medical 
malpractice suit is to be an effective communicator with 
patients and their families. Poor or suboptimal outcomes can 
occur even when the appropriate surgical principles and tech-
niques are used. This is particularly true in cases of severe 
facial injuries, because the surgeon must deal with trauma-
tized tissues that often will not heal in an ideal manner. Physi-
cians who are available to speak to patients and, more 
importantly, to actually listen to them are less likely to be 
targeted in a lawsuit than those who do not communicate 
effectively.

Ultimately, the optimization of patient-physician rapport 
through the establishment of trust is the single most impor-
tant factor in how patients feel about their surgical outcomes. 
The factors involved in obtaining a patient’s trust are numer-
ous but include a belief in the physician’s honesty, effort, and 
concern. In short, if the patient believes that the physician 
cares about his problem and has made the best effort, satisfac-
tion with the end result usually occurs.

Although most physicians believe that they know what 
constitutes medical negligence, they are frequently mistaken. 
Medical negligence or medical malpractice is a legal term, not 
a medical one. The elements of medical negligence are similar 
to those discussed earlier in the context of general negligence: 
duty, breach, causation, and damages. However, for a prima 
facie case of professional negligence, there must also be a 
showing of a doctor-patient relationship. As it relates to neg-
ligence that is the result of an affirmative act, the relationship 
may be inferred. However, if the negligence alleged is one of 
omission or failure to act, the doctor-patient relationship 
must be proved to exist for the claim to succeed.

Medical malpractice law is different from jurisdiction to 
jurisdiction. Although there is no one definition that will 
exactly fit the laws of each state, medical malpractice gener-
ally consists of rendering treatment that is “below the stan-
dard of care.” Standard of care is an amorphous legal concept. 
As an example, Indiana law defines the standard of care that 
a physician owes to a patient as “that degree of care, skill and 
proficiency exercised by reasonably careful, skillful, and 
prudent practitioners in the same class to which he belongs, 
acting under the same or similar circumstances.”1 Typically, 
medical care need not result in a perfect outcome to avoid the 
attachment of liability, and physicians are not usually held 
liable for errors in judgment if they were made in good faith. 
The fact that another physician in the same specialty might 
have treated a given patient differently does not mean that the 
care rendered was negligent.

In the majority of jurisdictions, a particular physician’s 
medical care is judged by a community standard. This means 
that a physician’s care is not compared to a textbook standard 
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the alleged criminal act. In criminal law, the evidential stan-
dard is higher than in civil law, and the case must be proved 
beyond a reasonable doubt.

THE CIVIL CASE

To prove negligence in a civil action, the court has to be satis-
fied that there was a duty of care owed to the individual by 
the defendant, that the duty was breached, and that the breach 
caused loss or damage to the individual that was not so 
remote as to have been unforeseeable by the defendant. The 
evidential standard is lower than in a criminal case. The case 
has to be based on a balance of probabilities (i.e., that negli-
gence is more likely to have occurred than not).

Allegations of negligence in a civil action may be made 
against one or more of the following:

• an employer, if the individual was injured at work (employ-
er’s liability)

• another individual, for example if the claimant was 
involved in a road traffic accident (Road Traffic Act) or an 
accident on another person’s property (occupier’s 
liability)

• the manufacturer of a defective product (manufacturer’s 
liability)

• the owner of an animal that has caused injury (public 
liability)

• an NHS Trust (clinical negligence)
• a clinician treating patients in the independent health care 

sector (clinical negligence)

In relation to the first four of these categories, the clinician 
will be asked either to give factual evidence about the nature 
and extent of injury sustained or to give expert evidence 
about the probable mechanism or cause of the injury. Expert 
opinion on the extent to which the injury has affected the 
claimant, the potential for recovery, and the future effects on 
the individual’s quality of life may also be needed by the court.

In relation to the last two categories, the clinician may be 
asked to give factual evidence concerning the medical treat-
ment received by the claimant after an injury or during the 
course of an illness and the clinician’s role in that treatment 
if he was personally involved. As an expert witness, the clini-
cian may also be asked to give an opinion on the treatment 
in relation to the standard of care and whether it was appro-
priate in the particular circumstances. The factual witness 
cannot give expert opinion in an English legal case. A sepa-
rate independent expert will be engaged for that purpose.

The most common allegations relating to clinical negli-
gence are the following:

• There was inappropriate medical or surgical treatment 
(e.g., wrong or unnecessary surgery).

• There was a delay in diagnosis and treatment.
• There was incorrect interpretation of tests or results.
• There was an incorrect prescription or incorrect adminis-

tration of medicines or other preparations.
• There was a lack of informed consent about the risks of 

treatment, and those risks ultimately materialized.
• The treatment was not performed to the standard expected 

from a reasonable body of practitioners working in the 
same field.

involvement is as an ally of the patient in his effort to receive 
legal and financial recovery from the injuries.

More infrequently, the treating physician may become 
involved in an adversarial role in which his care is questioned 
or is believed to be a contributory factor in the less than desir-
able outcome. In the case of traumatic injuries, such physician 
involvement is usually rare. In any case, proper medical docu-
mentation, both written and photographic, is an invaluable 
asset.

With these potential roles in mind, the creation of written 
notes and dictated operative reports should be as thorough 
as possible, and they should never be altered subsequently. 
The objective medical facts should be recorded, and com-
ments about the etiology of the facial injury should be con-
fined to what can be substantiated. Digital facial photographs 
should be obtained before the initiation of any care, and, 
ideally, postoperative outcomes should be similarly 
documented.

THE ENgLISH LEgAL SYSTEM

Legal systems vary around the world. This part of the chapter 
is an overview of some medicolegal aspects of the legal system 
in England. Most doctors in England practice medicine in the 
state-run National Health Service (NHS). Some may also 
have a practice in the independent health care sector, and a 
small group work solely in the independent sector.

The circumstances in which a clinician may be brought 
before the courts in England are similar to those that pertain 
in the United States; that is, to give evidence at an inquest or 
in a civil or criminal action. In any of these situations, clini-
cians may be asked to give factual witness evidence or to give 
evidence and opinion as a medical expert witness. Whereas 
factual evidence is limited to the circumstances in which the 
injury came about, the nature and extent of the injury, and 
the observed course of recovery, expert evidence further 
gleans the opinion of the expert as to the likely mechanism 
or cause of the injury and the potential for partial or complete 
recovery in the future.

In a civil action for clinical negligence (medical malprac-
tice), the clinician may be called on to give either factual 
evidence or expert evidence. Cases of alleged negligent treat-
ment may be brought by patients against an NHS Trust in the 
public sector or against a clinician in the independent health 
care sector.

THE CLINICIAN’S ROLE IN THE LEgAL PROCESS

THE CRIMINAL CASE

A clinician who treats an individual who has suffered facial 
trauma may be asked to give factual or expert evidence in a 
criminal action if the trauma could have been the result of a 
criminal act. This usually follows an allegation of physical 
assault, although other common causes are road traffic acci-
dents, attacks by animals, and, occasionally, accidents at 
work. The factual evidence required from the clinician will 
relate to the extent of injury at presentation, an opinion about 
the possible cause of the injury, and whether it is possible to 
use this “factual evidence” to determine that it was caused by 
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responses to complaints and should always have in mind  
that the patient is likely to see what they have written as well 
as any notes of conversations they may have had about the 
case.

If the claimant is not satisfied on completion of the inter-
nal complaints procedure, or if an internal investigation con-
cludes that the standard of treatment was unacceptable, the 
claimant may instruct solicitors to pursue the complaint in a 
court of law.

If the patient does decide to proceed, a letter detailing the 
claim will be sent to the Trust’s legal department or solicitors 
or to the individual doctor or his solicitors in the independent 
sector. The letter of claim is the first step in the legal process 
and is termed the pre-action letter of claim. There is a pre-
action protocol that sets out the steps to be taken by both 
parties to attempt to resolve the dispute, if at all possible, 
before proceedings are issued in court. The aim is to encour-
age openness between the parties and to reduce delay, costs, 
and the need for litigation.

The letter of claim must set out the allegations and the 
alleged causal link with the injury and should also give an 
indication of the likely level of damages claimed. A letter of 
response must be provided within 3 months of receipt of the 
letter of claim. If there is no merit in the allegations, the claim 
may be denied, giving clear and detailed reasons, and the 
claimant may then decide to abandon any further legal 
proceedings.

If an agreement cannot be reached between the two 
parties, the claimant can issue a formal court document (a 
claim form) to begin legal proceedings. The claimant must 
submit particulars of the claim, detailing the specific allega-
tions and the damage caused. If the clinician has been involved 
in the complaints procedure or during the pre-action proto-
col stage of proceedings, he will be asked to comment on the 
particulars of the claim. At this stage, a barrister (known 
legally as counsel) will become involved, and the clinician may 
be asked to attend a conference with counsel to examine the 
evidence obtained so far and to assess the probability of 
defending the claim successfully. Another clinician may be 
instructed to give an expert opinion at this stage.

ROLE OF THE FACTUAL WITNESS

In a civil action, the treating clinician may be approached by 
either the patient’s solicitors or the solicitors for the defense 
to act as a factual witness. It is important to discover the exact 
nature of the proposed litigation immediately, because any 
potential for a clinical negligence claim will require early 
advice from solicitors acting for the NHS Trust or for a 
defense organization.

As a factual witness, the clinician is likely to be asked to 
give details of the extent of the initial injury or complaint. 
This will be in the form of a witness statement. The clinician 
should provide information only about facts that are within 
the scope of his knowledge, although such information may 
include a statement relating the patient’s version of the cause 
of the injury. The witness statement should be clear and accu-
rate; where there is no direct recollection of events, the clini-
cian should state that the evidence is based on the 
contemporaneous recordings in the notes. He should refrain 
from giving an expert opinion. If for any reason the clinician 
refuses to give evidence, he may be subpoenaed. If he still 

CONSIdERATIONS FOR THE TREATINg 
CLINICIAN

Clinicians should consider the possibility of future litigation 
during every consultation with patients who have sustained 
facial injury. In the current atmosphere of an increasingly 
litigious society, clear and concise documentation of the 
nature and extent of injury is vital. The patient’s version of the 
history of the injury is obviously important. Diagrams and 
photographs, where appropriate and where resources allow, 
are usually invaluable. They are particularly useful in criminal 
cases and in civil cases in which facial scarring could lead to 
a future allegation that the cosmetic outcome falls below the 
standard expected of a reasonably competent surgeon. Pho-
tographic evidence may also avoid a later dispute about the 
extent of the presenting injury.

ANATOMY OF THE LITIgATION PROCESS

The first indication of an impending claim is usually a letter 
detailing a complaint or requesting access to the patient’s 
medical records. This may come from the patient or from his 
or her solicitor.

The Data Protection Act of 1998 governs the “obtaining, 
holding, use or disclosure of information.” It makes provision 
for regulation of the processing of information2 about indi-
viduals and recognizes the individual’s right to be told what 
information is being processed about him and to have it dis-
closed. Under the Act, data subjects (in this case, patients) 
have the right to be told by any data controller (in this case, 
the doctor, the health authority, or the Trust) whenever per-
sonal data about them are being processed. The term pro-
cessed is defined widely to cover every possible act relating to 
the data. The request for access must be made in writing, and 
the data controller must disclose the relevant information 
within 40 days after receiving the request. However, the data 
may be withheld in certain circumstances:

• if there has not been a reasonable interval since the indi-
vidual last had access to his or her records

• if disclosure would be likely to cause serious harm to the 
physical or mental health or condition of the patient or 
any other individual3

• if disclosing the records would mean giving information 
about a third party

The NHS has a procedure operating within Trusts to deal 
with letters of complaint from patients before solicitors are 
involved.4 The Department of Health places great emphasis 
on resolving complaints as quickly as possible.5 This may be 
accomplished through a swift informal response from the 
clinician involved or through prompt action to open further 
investigations and seek conciliation. A properly handled 
complaints procedure can result in local resolution of many 
grievances and avoid expensive litigation.

It should be remembered that the complaints file is dis-
closable to the claimant (patient) or the claimant’s solicitors 
in any subsequent litigation unless it can be argued that  
it was specifically created for the purposes of the litigation,  
in which case it attracts privilege from disclosure. However, 
it is rare that a complaints file is considered privileged in  
this way. Doctors need to think very carefully about their 
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difficult to imagine that one expert might be a proponent of 
the treatment in question and another might not. This obvi-
ously raises difficulties if a single expert is used to represent 
both sides, because it may be important for the judge to hear 
contrary views in order to decide whether the allegations of 
breach of duty and causation can be sustained. Therefore, the 
usual practice, subject to court approval, is to use separate 
experts to represent each side with regard to breach of duty 
and causation and to rely on joint experts only for condition 
and prognosis evidence.

Once expert evidence has been obtained, the next proce-
dural step is for the solicitors acting for both parties to simul-
taneously exchange their reports. Both parties may submit 
written questions directly to the other party’s expert within 
28 days after this exchange for the purpose of clarifying the 
evidence contained therein. The expert witness receiving 
questions directly from the patient’s solicitor may need to 
refer to his own solicitor for advice and clarification of the 
questions posed. For example, if a question relates to the 
factual evidence, it would be appropriate for the expert 
witness to decline to respond, on the basis that he was not 
present at the time of the alleged incident.

After the exchange of expert evidence and supplementary 
written questions, the court will direct the experts to meet in 
an attempt to narrow the areas in dispute and to reduce the 
time required for any subsequent trial. Even at this late stage, 
it may still be possible to resolve the matter altogether. A 
written statement must be produced after the meeting and 
should set out the areas of agreement and disagreement 
between the experts and the reasoning behind any remaining 
disagreements.

All of the statements and reports are signed and must 
contain a statement of truth. At trial, the expert’s report 
should stand as his submission of evidence, although he may 
be taken through the report by counsel in order to summarize 
and clarify its contents for the benefit of the judge. As with 
the factual witness, experts should take time for careful con-
sideration of the questions posed and should give unhurried 
answers based within the limits of their own knowledge. 
Answers are always directed to the judge and should be slow 
and clear to allow the judge time to record the evidence. 
Most courts of law have the facilities to record the evidence, 
but a transcript takes time to produce, and the Judge will 
make notes on key issues as the evidence is produced in 
court.

CONCLUSION

Many practicing clinicians have encountered a complaint 
from a patient, and some have become involved in the pro-
cesses outlined here. Cases of facial trauma are most likely to 
involve allegations of criminal conduct or of clinical negli-
gence related to the cosmetic result. As in the United States, 
excellent documentation and good communication with the 
patient and relatives will serve the treating clinician well in 
the avoidance of litigation. However, the increase in public 
expectations and a tendency to resort to litigation have 
resulted in a relentless rise in medical litigation.

Except for minor procedural differences in Scotland and 
Wales, the principles of law relating to clinical negligence are 
consistent throughout the United Kingdom, without the vari-
ations that occur among the states in America. For a claim to 

refuses, he may be held in contempt of court, which can 
attract a fine or even a penal sentence.

If the allegations involve the quality of the treatment given 
to the patient, the factual witness is most likely to be 
approached by the hospital’s solicitors or by those retained by 
a defense organization. There is a duty under the physician’s 
contract with the NHS to assist with any such litigation. The 
evidence should be submitted as previously described (i.e., 
explaining only those facts within his knowledge or in the 
medical records). He may also comment on his usual clinical 
practice at the time, if this helps to clarify the evidence.

The process of giving evidence in England and Wales is 
different from that in the United States. The U.S. legal process 
frequently involves depositions, which often are given on 
video recordings, to answer questions from the lawyers acting 
for both parties. In England and Wales, the witness statement 
is written down in a specific format required by the court, 
and there are no questions from the opposing lawyers until 
the witness appears in court. The factual witness submits a 
written statement setting out the facts within his knowledge 
that are relevant to the allegations being made. He concludes 
by signing a statement of truth, which appears at the end, and 
he can be held in contempt of court if the statement is later 
proved to be false.

The witness statement is disclosed to the claimant’s legal 
team and stands as the evidence of the factual witness at trial, 
although counsel for the defense may, with leave from the 
trial judge, raise some additional questions about it. The 
witness will be cross-examined by the opposing counsel, who 
may attempt to discredit the accuracy of the evidence submit-
ted or to undermine the credibility of the witness. This can 
be prevented in part by good medical documentation and in 
some instances by photographic evidence. The trial judge 
may also question the witness, particularly for the purpose of 
clarifying any part of the evidence or understanding the 
medical terms.

The clinician as a factual witness should consider the ques-
tions carefully and give answers accordingly. Answers should 
be given only when the information is within the physician’s 
personal knowledge, and the response should be unhurried. 
Answers are always addressed to the judge, and testimony 
should be slow and clear to give the judge time to take notes 
on the evidence.

ROLE OF THE ExPERT WITNESS

The expert witness has a duty directly to the court and not to 
those instructing him. He should be entirely independent, in 
accordance with Part 35 of the Civil Procedure Rules of 1998, 
which sets out the rules that apply to expert evidence.2

Wherever practical, the court will direct the use of a single 
joint expert witness who is instructed by both parties to the 
litigation. This is most appropriate when the expert is being 
asked to comment on the present condition of the claimant 
and the prognosis of the injury sustained. In a case of clinical 
negligence, the expert will also be asked to comment on any 
breach of duty and on causation. Although a single joint 
expert may still be appropriate in some cases, most defense 
solicitors will be concerned that the expert is being asked to 
arbitrate, which would be inappropriate. The legal test to be 
satisfied is whether a responsible body of doctors practicing 
in the same field would support the treatment given. It is not 
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tered throughout the United Kingdom will inevitably  
become more regulated and as a consequence less varied, 
although there is always likely to be a range of techniques  
for different procedures. Whether this means that in the 
future the legal test will be held by the courts to have  
been satisfied by compliance with National Guidelines 
remains to be seen. At present, compliance is evidence of 
good practice, but noncompliance is not necessarily evidence 
of negligence.
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be successful, the patient must prove, on the balance of 
probabilities:

• that the doctor owed a duty of care
• that there was a breach of that duty of care
• that foreseeable harm followed as a result of that breach of 

duty of care

The standard of care is the standard of a responsible body 
of doctors practicing in the same field of medicine. However, 
it does not have to be the standard of the majority. This is 
known as the Bolam test.6 Although this test was challenged 
in the case of Bolitho v Hackney Health Authority,7 it remains 
essentially intact. Since Bolitho, a doctor needs to demon-
strate not only that other doctors would have acted in a 
similar manner but that his course of action was reasonable 
in the circumstances (i.e., stands up to logical analysis). There 
is no equivalent of the locality rule in the United States.

With the further use of National Guidelines, audit,  
and clinical governance, the standard of treatment adminis-
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Trauma is the leading cause of death from birth to age 
44 years. It is third only to cancer and atherosclerosis 
in all age groups. It is a leading global public health 

problem, affecting 135 million people a year, and it is esti-
mated that more than 5 million people died from trauma in 
the year 2004.1 Of these, more than 1 million (20%) died from 
Road Traffic Accidents (RTAs) (Fig. 3-1). Other major causes 
of trauma are sports-related injuries, interpersonal violence, 
occupational injuries, and falls. In the United Kingdom, falls 
represent the biggest single group.

Worldwide, approximately 50 million people are severely 
or moderately disabled as a result of trauma and more than 
180 million disability-adjusted life years are lost each year.2 
In the United Kingdom, across all age groups combined, 
trauma is a leading cause of death, and kills more than 16,000 
people per year in England and Wales.3 Trauma is one of the 
few disease categories in which mortality is increasing.

The burden of trauma constitutes 12% of the world’s total 
disease load.4 It is estimated that the global financial cost of 
trauma exceeds U.S.$500 billion annually. Apart from the 
emotional distress, a significant number of trauma victims are 
injured seriously enough that they are never able to work 
again. This converts them from productive, employed 
members of society, paying taxes and contributing to the 
state’s finances, to net receivers of state aid, dependent on the 
welfare system for financial support, potentially for many 
years. This figure is further compounded when it is consid-
ered that trauma is largely a disease of younger people.

Since the full financial cost, as well as the physical and 
emotional suffering, major reviews of the field of trauma 
management have been carried out with the aim of improving 
the quality of service and reducing the mortality and morbid-
ity. These reviews have focused both on improving the whole 
quality of care, from the time of trauma to eventual discharge, 
with full rehabilitation, and on prevention of the trauma in 
the first place.

The cost of trauma is escalating in all countries. In devel-
oped countries, the proportion of deaths from “preventable” 
trauma, such as RTAs, is declining but the proportion from 
other causes, such as falls and interpersonal violence, is 
increasing. The decrease in preventable deaths results from 
the twin approaches of prevention and better care. In these 
countries, society is moving forward from “managing illness” 
to “promoting wellness” and “preventing illness.” This policy 
should eventually result in reduced health care costs. However, 

both prevention and improved trauma management are very 
expensive to implement and may not be feasible in less devel-
oped countries. Consequently, more than 90% of RTA deaths 
worldwide now occur in the less developed countries.

Improved quality of care reduces both mortality and mor-
bidity. A greater proportion of patients survive, and a greater 
proportion of survivors make a full recovery. This requires 
both national strategic planning and development of local 
provision of care. Experience from management of trauma 
on the battlefield is translated into more rapid evolution of 
improvements in civilian care as lessons continue to be 
learned from conflicts around the globe.

The earlier resuscitation can be initiated after injury and 
the quicker the victim can be transported to an appropriate 
care facility, the better. In war zones, this fact has led to 
immediate support by frontline medics and rapid helicopter 
evacuation, initially to a field hospital and then to a higher-
level center.5 In the civilian world, it has led to significant 
investment in prehospital care and in the emergency facilities 
that are provided at receiving hospitals.

The ideal hospital is a Level 1 Trauma Center where all 
medical specialties, with full back-up infrastructure, are on 
site 24 hours a day (Box 3-1). Because these facilities are 
extremely expensive to provide and maintain, it is more cost-
effective to have centralized major trauma units. These need 
to be located in urban areas of high population, facilitating 
rapid access and high-quality care for the greatest number of 
people. Although this has been accomplished in the United 
States, trauma services in the United Kingdom are still largely 
designed around the district general hospital (DGH), which 
serves a population of 250,000 to 400,000. Although the ser-
vices in these hospitals have been significantly improved, only 
one patient with major, life-threatening trauma (Injury Sever-
ity Score [ISS] >15) may be received in these hospitals on a 
weekly basis and additionally, the patient will still need to be 
transferred to a specialized unit if they have sustained cardio-
thoracic, neurosurgical, or burn injuries.

Work is now progressing to develop regional trauma 
systems in the United Kingdom. Major trauma cases would 
be taken directly to a Trauma Center, which would serve a 
population of 2 to 3 million. These units would expect to 
receive in excess of 400 major cases per year, leading to better 
outcomes.6-9 Longer prehospital transfer times have been 
found to make little difference in mortality and morbidity if 
the destination is a fully staffed trauma center.10 At present in 
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the United Kingdom, the mortality rate for severely injured 
trauma patients who are alive on arrival at hospital is 40% 
greater than in the United States, where there is an established 
regional trauma system.11

The original paper showing that, in the absence of a trauma 
system, 30% of in-hospital trauma deaths are preventable was 
published more than 2 decades ago, in 1988.12 However, the 
apparent downgrading of a local DGH Accident Center 
remains a politically very sensitive issue, and effective strate-
gic communications will be required to help the local popula-
tion understand the rationale behind reconfiguration of 
major trauma services.13

The whole ethos of patient care, from the arrival of the first 
emergency personnel at the scene through complete rehabili-
tation and discharge, must be to “Do no further harm,” and 
therefore appropriately trained personnel must provide the 
care (Fig. 3-2).

PREHOSPITAL CARE

The definition of an integrated trauma system incorporates 
prehospital care and the need to identify and deliver patients 
to a place of definitive care safely and quickly. It is essential 
that trauma services be thoroughly planned and funded to 
ensure provision of the most efficient and effective services to 
meet the predictable needs of the population within the 
capital budget available, because considerable numbers of 

FIGURE 3-1  Road traffic accident scene. Emergency services are clearing up. The road will remain 
closed until the accident investigation team has assessed the scene fully. 

FIGURE 3-2  Seamless trauma care continuum. 
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BOX 3-1 Aim of Trauma Care

• Identification of major trauma patients at the scene of the incident
• Immediate intervention to allow safe transport
• Rapid transfer to appropriate trauma center for surgical management and 

critical care
• Coordinated specialist reconstruction
• Targeted comprehensive rehabilitation

trauma incidents occur at a significant distance from such 
facilities.

In the United Kingdom, this has resulted in significant 
investment in the ambulance services, upgrading their role 
essentially from first-aid hospital taxi services to first-line 
care providers. The vehicles themselves are outfitted with 
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TRIAgE

Triage is the sorting of patients based on their need for treat-
ment and the available resources to provide the treatment. 
This sorting may be carried out by the paramedic team at the 
accident scene, who decide what level of care is required and 
therefore to which hospital the patient needs to be trans-
ferred. Triage also may be done at the receiving hospital, if it 
is a small unit (e.g., a U.S. community hospital) with limited 
facilities and personnel. Triage in this situation may be based 
on which patients need immediate, life-saving intervention, 
which can wait, and which are, in fact, beyond saving.

There are two types of triage. Multiple casualties is the term 
used when the number of patients and the severity of their 
injuries do not exceed the ability of the facility to provide 
care. Patients with life-threatening problems and those who 
have sustained multiple-system injuries are treated first. Mass 
casualties is the term used to describe the situation in which 
the number of patients and the severity of their injuries 
exceed the capability of the facility and the staff. Those 
patients who have the greatest chance of survival with the 
least expenditure of time, supplies, equipment, and personnel 
are managed first.

PREPARATION AT THE RECEIVINg HOSPITAL

Each hospital is capable of managing only a limited number 
of patients. If the number of trauma vicims exceeds the ability 
of the hospital to handle them, a major incident is called, and 
a pre-prepared and practiced action plan is implemented 
whereby neighboring hospitals are alerted and warned that 
they will also be receiving patients. Natural incidents such as 
floods, hurricanes, and tidal waves still account for most of 
the deaths worldwide, but manmade incidents resulting from 
technological or other human interactions are more common, 
especially in the urban setting. Terrorist actions in densely 
populated areas, such as in New York on 9/11/2001 and in 
London on 7/7/2005, test the best equipped and organized 
services.

However, under most circumstances, the receiving hospi-
tal should be capable of receiving the victims. The hospital 
must have a fully equipped and staffed resuscitation room with 
comprehensive back-up of all the necessary support teams, 
such as radiology, blood bank, and ICU.

A formally constituted trauma team, ideally comprising 
specialist anesthetic, surgical, and orthopedic components in 
addition to the emergency department staff, should be imme-
diately available (Fig. 3-4), with the ability to summon extra 
specialist assistance (e.g., an obstetrician for a pregnant 
patient) if necessary. All members should have appropriate 
training, such as the Advanced Trauma Life Support (ATLS) 
course, which has become the gold standard and common 
language of trauma management.

The involvement of maxillofacial surgeons in trauma 
teams has significant benefits in terms of training and in the 
early identification and optimal management of craniofacial 
trauma. As a member of the trauma team, the maxillofacial 
surgeon must be skilled in trauma life support techniques and 
capable of dealing with both specialty-specific problems and 
other life-threatening conditions. In addition, expertise con-
cerning midface injuries and any potential threat to eyesight 
from trauma and hemorrhage is invaluable.14

essential equipment necessary to provide immediate resusci-
tation. In addition, most regions have air ambulance facilities 
to expedite transfer of the victim from the scene of the acci-
dent to the hospital. The best environment for resuscitation 
is a safe, warm, dry, well-lit, fully staffed and equipped area 
with complete back-up resources—laboratory, imaging facili-
ties, operating rooms, intensive care units, and so on—
immediately available.

All emergency services personnel, including police and 
firefighters in addition to ambulance crews, are trained in 
basic life support techniques. The initial aim on arrival at the 
scene is to assess the situation in relation to the safety of both 
the victims and the service providers. Ambulance crews 
attending trauma scenes are now specifically trained para-
medics; in addition to providing basic life support, they are 
able to assess the patient and carry out more advanced sup-
portive techniques, concentrating on airway maintenance, 
respiratory support, immobilization of the patient, and 
control of external bleeding and shock during any delay that 
may occur in extricating and transporting the patient to the 
nearest appropriate facility.

Paramedic crews assess the victims and communicate with 
the planned receiving hospital, giving them advance warning 
of the number of patients, the severity of their injuries, and 
the estimated time of arrival. The crew also routinely carry 
digital cameras and take photographs at the scene to trans-
port with the patient; these can help clarify the situation and 
assist in determining the “index of suspicion” of injuries 
incurred (Fig. 3-3).

FIGURE 3-3  Typical  Polaroid  photograph  brought  in  with  the 
patient, taken by the paramedics at the scene. Although the image is 
out of focus, the severity of the accident can be pictured, enabling a 
more accurate assessment of  “the  index of  suspicion”  regarding  the 
patient’s injuries. 
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FIGURE 3-5  Trimodal death distribution. About 50% of victims die 
at  the scene of  the accident, and  the  remainder succumb soon after 
arrival  in  hospital  (approximately  30%)  or  subsequently  (approxi-
mately 20%). 
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FIGURE 3-4  Full trauma team lined up in the resuscitation room before the arrival of the patient. The 
paramedical team telephones from the ambulance to enable the hospital team to be fully prepared for 
the victim’s arrival. Medical and nursing staff work together as a team. 

The team should assemble in the resuscitation room and 
put on protective clothing. The absolute minimum gear 
includes rubber latex gloves, plastic aprons, and eye protec-
tion, because all blood and body fluids should be considered 
to be infected with the human immunodeficiency virus (HIV) 
and hepatitis viruses. In addition, all members of the team 
should be immunized against tetanus and hepatitis B. Staff 
who undress the patients should initially wear more robust 
gloves, because trauma patients often have glass and other 
debris in their clothing, and ordinary surgical gloves do not 
provide enough protection.

The team leader should brief the team and assign specific 
duties, so that each member knows the task for which he or 
she is responsible (e.g., airway, circulation). To avoid chaos, 
no more than six people should be touching the patient at any 
one time. A final check of the equipment by the appropriate 
team members can then be made. Only minimal preparation 
of the resuscitation room should be necessary, because it 
should be kept fully stocked and ready for use at all times.

Once the patient arrives in the resuscitation room, a stop 
clock is started so that accurate times can be recorded. The 
patient should be transferred from the stretcher to the trolley 
in a coordinated fashion to avoid injury to the spinal column 
or exacerbation of preexisting injuries. The lines and leads 
should be checked so that they do not become tangled or 
disconnected.

INITIAL ASSESSMENT OF THE PATIENT

Deaths from trauma follow a trimodal distribution (Fig. 3-5). 
The first peak, constituting 40% to 50% of trauma deaths, 
occurs immediately or within minutes of the accident, at the 
scene. The causes are usually related to lacerations of the 
brain, brainstem, high spinal cord, heart, aorta, or other large 
blood vessels. Due to the severity of their injuries, very few 
of these patients survive. Only prevention—safer roads, speed 
restriction, air bags, and other measures—can significantly 
reduce this peak of trauma-related deaths, although the 

speedy arrival of trained personnel who are able to begin 
immediate resuscitation may save some victims.

The second peak, representing approximately 30% of 
trauma-related deaths, consists of those patients who arrive 
alive in the hospital resuscitation room but succumb to their 
injuries over the next minutes or hours. This period is referred 
to as the golden hour. These patients die largely from hypoxia 
and hypovolemic shock as a result of severe chest injuries 
with hemothorax or cardiac tamponade, abdominal trauma 
with ruptured spleen or liver, or orthopedic injuries such as 
fractured pelvis or long bones associated with significant 
blood loss.

The third peak is made up of patients who succumb days 
or even weeks after the traumatic incident from causes  
such as multiple organ failure, sepsis, or respiratory distress 
(Box 3-2).

The immediate assessment and early management of the 
trauma patient is comprehensively covered by the ATLS 
course. ATLS focuses on the second peak, because 
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C: Circulation and Hemorrhage Control
D: Disability–(Neurological status
E: Exposure + environment − completely undress the 

patient, but prevent hypothermia

To these, another point may be added:

F: Frequent Reassessment must be made

It is essential to ensure that prehospital personnel provide 
a comprehensive account of the accident scene. In addition 
to patient details, important information such as the time of 
the accident, weather conditions, ambient temperature, and 
other factors such as fires, explosions, hazardous chemicals, 
and injuries sustained by other victims must all be gathered. 
Photographs taken at the scene also provide vital informa-
tion, giving clues to understanding the mechanism of injury 
and, from that, what injuries might be anticipated (index of 
suspicion).15

Maxillofacial injuries are addressed at this stage only if 
they have an impact on the airway, breathing, or circulation. 
Comprehensive assessment and definitive management of 
maxillofacial injuries occur later, away from the resuscitation 
room setting.

Priorities for care of the pediatric patient are the same as 
for adults, and priorities for care of the pregnant woman are 
similar to those for nonpregnant patients. Pregnancy should 
be identified early by palpation of the abdomen for a gravid 
uterus and by laboratory testing for human chorionic gonad-
otropin (HCG). Early fetal assessment is important for mater-
nal and fetal survival.

Trauma is the fifth most common cause of death in the 
elderly. Comorbidities such as cardiac, respiratory, and meta-
bolic diseases are more common, and, together with the aging 
process, they reduce the patient’s functional reserve and 
ability to respond to injury. The chronic use of medications 
may also alter the usual physiological response to injury. The 
narrow therapeutic window frequently leads to overresuscita-
tion or underresuscitation in the elderly, and early invasive 
monitoring is valuable.

A: AIRWAY ANd CERVICAL SPINE CONTROL

There should be a high index of suspicion for cervical spine 
injury if the patient has maxillofacial injuries or multisystem 
trauma, if the level of consciousness is altered, or if there is a 
history of a high-speed impact. Approximately 15% of patients 
with supraclavicular injuries also have a cervical spine injury, 
and 5% of head-injured patients have some form of associated 
cervical, thoracic, lumbar, or sacral spinal injury. Although 
spinal injuries most commonly occur in the cervical region, 
other parts of the spine are affected in 45% of cases, and in 
10% of cases, there is a second and completely separate spinal 
injury. Therefore, great care should be taken to prevent exces-
sive movement of the cervical spine during assessment and 
management of a patient’s airway (Fig. 3-7). Again, the over-
riding management principle should be, “Do no further 
harm” (Box 3-3).

An assessment must immediately be made as to whether 
the patient can maintain and protect his or her own airway. 
The team leader should talk to the patient while the neck is 
kept manually in a neutral position without longitudinal 

appropriate and timely intervention in the resuscitation room 
will both save lives and minimize morbidity, thereby also 
reducing the third peak in the subsequent definitive care 
period lasting days or weeks.

PRIMARY SURVEY ANd RESUSCITATION

The patient is transferred to the emergency (resuscitation) 
room where a rapid primary survey is carried out (Fig. 3-6). 
Care must follow the safest pathway, diagnosing and simul-
taneously treating life-threatening injuries in the order in 
which they would otherwise kill the patient. As each most 
pressing killer injury is treated, more resuscitation time is 
created to deal with the next most pressing problem.

Each patient should be assessed in the same way, and the 
appropriate tasks should be performed automatically and 
simultaneously by the team. To facilitate this, the primary 
survey of the patient follows a strict, sequential “ABCDE” 
protocol:

A: Airway with Cervical Spine Control
B: Breathing and Ventilation

BOX 3-2 Causes of Trauma Death

• Deaths at the scene: brainstem injury, airway obstruction, heart or major 
vessel injury

• Early deaths: airway obstruction, uncontrolled blood loss, extradural or sub-
dural hematoma

• Late deaths: multiple organ failure, respiratory distress, sepsis

FIGURE 3-6  Management of the trauma patient. 
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“What happened?”If the patient gives an appropriate and 
coherent response, it suggests that the airway (A) is clear, that 
breathing and ventilation (B) are sufficiently effective to 
deliver enough oxygen into the circulation (C), which is func-
tioning sufficiently to transport the oxygen to the brain (D), 
which in turn is functioning sufficiently to allow the patient 
to comprehend and respond. In addition, information about 
the patient, the medical history, and the details of the accident 
may be gathered. However, there is a significant caveat: 
Although the patient’s ABCD factors may be functioning sat-
isfactorily at the time of questioning, they may not be shortly, 
so that frequent re-examination is essential.

Basic Airway Maneuvers
Supplemental oxygen delivered through a well-fitted reser-
voir (rebreathing) mask, at a rate of 15 L/min to achieve 
maximum oxygenation of the tissues, should be given to 
every trauma patient.

If the patient fails to respond to questioning, formal airway 
assessment must be immediately instigated. As always, clini-
cal assessment should follow the protocol, “Look, Listen, 
and Feel.”

• Look to see if the patient is agitated or obtunded. Agita-
tion suggests hypoxia, and obtundation suggests hypercar-
bia. Cyanosis indicates hypoxemia and can be seen in the 
lips and nailbeds. Look for the pattern of breathing and 
use of accessory muscles of ventilation.

• Look for facial burns; singed eyebrows, facial hair, or nasal 
vibrissae; and soot around the lips, in the mouth, or in the 
sputum (indicating burn injury, inhalational burns, and 
possibly impending airway obstruction).

• Listen for abnormal sounds. Noisy breathing is obstructed 
breathing. Snoring, gurgling, and crowing noises (stridor) 
may be associated with partial obstruction of the pharynx 
or larynx. Hoarseness implies functional laryngeal 
obstruction. The abusive or belligerent patient may be 
hypoxic and should not be presumed to be intoxicated.

• Feel for the location of the trachea and determine whether 
it is in the midline.

• The mouth should be opened and any foreign objects (e.g., 
fractured teeth, fillings, dentures) should be removed. The 
mouth is examined, and any fluid is sucked out. The nature 
and volume of the fluid (secretions, blood) and evidence 
of pooling in the oropharynx indicate loss of airway 
control by the patient.

In an unconscious patient who is lying supine on a gurney, 
the tongue may fall back and obstruct the airway; a simple chin 
lift or jaw thrust maneuver can be used to correct the tongue 
position and open the airway. Those patients with a gag reflex 
can maintain their own airway. The use of oropharyngeal 
(Guedel) airways in these patients can precipitate vomiting, 
neck movement, and a rise in intracranial pressure; therefore, 
a nasopharyngeal airway is preferred, provided there is  
no evidence to suggest a fracture of the base of the skull.

A jaw thrust is performed by grasping the angles of the 
mandible with one hand on each side and displacing the 
mandible forward. If the patient is breathing spontaneously, 
high-flow oxygen via the facemask and resevoir bag will 
provide good oxygenation and ventilation (Fig. 3-8). If the 
patient is not breathing, a facemask with a bag-valve device 

FIGURE 3-7  Cervical  spine  immobilization.  A  semirigid  cervical 
collar  with  head  blocks  and  tapes  is  being  used.  Supplementary 
oxygen is being supplied by a mask with reservoir bag. 

BOX 3-3 Cervical Spine Assessment

Assume that the cervical spine may be injuried, particularly if any of the following 
is present:
• Blunt trauma above the clavicles
• Head injury (any patient with altered level of consciousness)
• Hypoxia, trauma, alcohol, drugs
• Maxillofacial trauma
• Multiple trauma (injury above and below the clavicles)

Remember: SUSPECT, PROTECT, DETECT

compression or distraction. This can be achieved simply and 
quickly by placing one hand on either side of the patient’s 
head and holding the head in a neutral position, taking care 
not to cover the ears. If the head is twisted to one side, it 
should be carefully straightened, ensuring that the neck is not 
extended or flexed in the process. In the motorcyclist, the 
neck should be supported from below while an assistant care-
fully expands the helmet laterally and removes it from above. 
Removal of the helmet using a cast cutter while stabilizing the 
head and neck minimizes cervical spine motion in a patient 
with a known cervical spine injury. The neck is then splinted 
with a rigid collar of appropriate size to grip the chin.

Much information can be gained very quickly by asking 
the patient a simple question such as “How are you?” or 
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ensuring that the tongue is not displaced backward as the 
tube is inserted. This method should be used in children to 
avoid knocking out loose primary teeth and, potentially, dis-
placing them into the oropharynx.

If the patient vomits, the patient’s head should not be 
moved to one side unless cervical spine injury has been 
excluded clinically and radiologically. If the patient is secured 
on a spinal board, the whole board can be turned. In the 
absence of a spinal board, the whole gurney should be tipped 
so that the head is down and the vomit sucked away with a 
rigid sucking device.

In a conscious patient, a well-lubricated nasopharyngeal 
airway is inserted in the nostril that appears to be unob-
structed and passed gently into the posterior oropharynx. If 
obstruction is encountered during introduction of the airway, 
the procedure is stopped and then retried on the other side.

The laryngeal mask airway (LMA) has an established role 
in routine surgery to provide a protected airway and also in 
patients with difficult airways, particularly if orotracheal 
intubation has failed or bag-mask ventilation is not maintain-
ing sufficient oxygenation. However, it is not a definitive 
airway because there is no cuffed tube in the trachea. Also, 
some training is required to use it, and it can be displaced 
relatively easily. If a patient presents with an LMA already in 
place, conversion to a definitive airway must be planned.

A multilumen esophageal airway is a form of LMA that 
has two tubes, enabling occlusion of the esophagus to reduce 
the risk of aspiration. However, it does not have a cuffed tube 
in the trachea and therefore does not constitute a definitive 
airway. The laryngeal tube airway also does not allow defini-
tive airway protection; as with the LMA and the multilumen 
esophageal airway, plans must be made for it to be replaced 
by a definitive airway.

Maxillofacial Injuries
Up to 5% of patients presenting to the emergency department 
have facial injuries, and some may have airway compromise. 
Maxillofacial trauma demands aggressive airway manage-
ment, and it may be appropriate for the maxillofacial surgeon 
to assist the anesthetist in assessing and securing the airway. 
The following problems may be encountered:

• A conscious patient will fight to maintain his own airway. 
If maxillofacial injuries are present, there is likely to be 
bleeding from those fractures, probably into the mouth or 
nose. ATLS principles advocate that the patient should be 
laid on his or her back with cervical spine control; this 
maneuver leads to pooling of blood in the nasopharynx 
and oropharynx, resulting in coughing or, in a more 
obtunded patient, airway obstruction.

It may be wise to leave such a patient sitting up, protecting 
the airway until a decision on airway management is made 
(Fig. 3-10). This decision must be made in the presence of a 
senior anesthetist and maxillofacial surgeon.16 The only alter-
native is formal intubation by means of an orotracheal tube, 
which in the emergency setting requires general anesthesia, 
or a surgical cricothyroidotomy.

• The midface consists of a series of bony struts passing 
upward from the upper teeth to the base of skull (Fig. 
3-11). These bone struts may fracture with severe impact, 

(Ambu bag) connected to the oxygen supply and compressed 
by an assistant will work until formal management of the 
airway is achieved.

A chin lift should be performed without hyperextending 
the patient’s neck. The mandible is gently lifted upward using 
the fingers of one hand placed under the chin. The thumb of 
the same hand lightly depresses the lower lip to open the 
mouth (Fig. 3-9).

The oropharyngeal airway must not be used in a con-
scious patient, because it may induce coughing, gagging, 
vomiting, and aspiration. During its insertion, care must be 
taken not to push the tongue backward and thereby block 
rather than clear the airway. The device is introduced upside-
down so that its concavity is directed upward, until the soft 
palate is encountered. At that point, the device is rotated 180 
degrees to direct the concavity caudad, and the airway is 
slipped into place over the tongue.

Alternatively, the oropharyngeal airway can be introduced 
directly by using a tongue spatula to depress the tongue, again 

FIGURE 3-8  Jaw  thrust  is  performed by  one  person who  is  also 
carrying out in-line immobilization. 

FIGURE 3-9  Chin lift is performed with an assistant who maintains 
in-line cervical spine immobilization. 
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circumstances that the tongue constitutes a threat to the 
airway. In these patients, a deep traction suture (0 black 
silk) may be inserted through the dorsum of the tongue 
and taped to the side of the face. Alternatively, the tongue 
may be pulled forward with the use of a towel clip. 
However, both of these techniques can cause additional 
bleeding, and insertion of an oropharyngeal airway or a 
definitive airway (if necessary) is preferable.

It is often said that in patients with bilateral symphyseal or 
parasymphyseal anterior mandibular fractures, the tongue 
may lose its anterior insertion and then, under the influence 
of the genial muscles, drop back in the supine patient, block-
ing the oropharynx. In fact, this is not the case if the patient 
is conscious, because the tongue is still firmly attached to the 
hyoid bone, which remains connected to the mandible by the 
posterior parts of the mylohyoid muscle. In addition, the 
intrinsic muscles of the tongue continue to exert control.

In elderly patients, it is not unusual to see bilateral frac-
tures of the body of the edentulous mandible, each occurring 
near the posterior attachment of the mylohyoid diaphragm. 
Under these circumstances, extreme downward and back-
ward angulation of the anterior part of the mandible may 
occur under the influence of the digastric and mylohyoid 
muscles and can compromise the airway. This so-called 
bucket-handle displacement should be reduced manually to 
unblock the airway.

• Teeth, dentures, vomitus, hematoma, or other foreign 
bodies may block the airway at any point from the oral 
cavity to the bronchi, with the right main bronchus being 
particularly susceptible. Early in the primary survey, the 
oral cavity should be cleared using a finger sweep followed 
by aspiration using a rigid sucker. If any teeth, crowns, or 
bits of denture are mssing, this fact should be recorded and 
the chest radiograph should be checked to be sure they 
have not been aspirated.

• Soft tissue swelling and edema resulting from trauma to 
the oral cavity may compromise the airway.

Rarely, maxillofacial trauma is associated with injuries to 
the larynx and trachea. Any neck swelling, dyspnea, voice 
alteration, or frothy hemorrhage should be noted, and the 
neck should be palpated for surgical emphysema, tenderness, 
and laryngeal or tracheal crepitus at the fracture site. Pene-
trating trauma to the neck may result in vascular injury with 
significant hemorrhage, which can cause displacement or 
obstruction of the airway. Endotracheal intubation should be 
attempted; if this is not possible, an urgent surgical airway 
may be necessary. Blunt or penetrating injury to the neck can 
cause disruption of the larynx or trachea, resulting in airway 
obstruction or severe bleeding into the tracheobronchial tree. 
A definitive airway is again urgently required.

Laryngeal fractures—indicated by hoarseness, subcutane-
ous emphysema, and palpable fracture—are rare but can 
manifest with acute airway obstruction. If the patient’s airway 
is totally obstructed, an attempt at intubation is warranted. 
Flexible endoscopic intubation may be helpful, but only if it 
can be organized quickly. If intubation is unsuccessful, emer-
gency tracheostomy is indicated, followed by operative repair. 
However, tracheostomy performed under these conditions 
can be difficult and time-consuming and may be associated 

and the middle third of the face can be sheared off the 
cranial base and forced downward and backward along the 
inclined plane formed by the frontal and sphenoid bones. 
It should be disimpacted by exerting upward and forward 
traction on the maxilla using the index and middle fingers 
of one hand, which are placed inside the mouth behind 
and above the soft palate, with the palm of the other  
hand braced against the forehead and applying 
countertraction.

• Voluntary tongue control is lost only when the patient’s 
level of consciousness is depressed; it is only in such 

FIGURE 3-10  A photograph taken in  the resuscitation room. The 
patient  has  had  his  lower  face  and  anterior  jaw  shot  away  by  a 
shotgun blast from above but is maintaining his own airway by sitting 
up with the head down and the tongue hanging loose. 

FIGURE 3-11  Skull  showing  the plane of  the cranial base. With 
severe  trauma  to  the  midface,  the  facial  bones  shear  off  from  the 
cranial base and are pushed down and backward. 
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experienced in the use of these drugs. Before one embarks on 
intubation, the equipment must first be checked. Anesthetics 
with duplicate ampules should be ready in labeled syringes, 
and vasoactive drugs such as atropine should be at hand in 
case untoward bradycardia complicates extended laryn-
goscopy. A skilled assistant applies pressure to the cricoid 
while another assistant stabilizes the neck. Secure venous 
access and a pulse oximeter are essential.

Patients who have an intact gag reflex require induction of 
anesthesia and muscle paralysis for the airway to be secured 
by an oral or a nasotracheal tube. Preoxygenation is essential; 
while an assistant maintains pressure on the cricoid, neuro-
muscular blockade is produced with suxamethonium, and 
intubation proceeds with the onset of paralysis.

In deeply unconscious patients with a head injury, intuba-
tion should be preceded by the administration of a cerebral 
sedative and a muscle relaxant. This avoids dangerous 
increases in cerebral blood volume and intracranial pressure 
during laryngoscopy.

Orotracheal Intubation
In-line immobilization of the head must be maintained by an 
assistant to ensure that no extension of the cervical spine 
occurs. This is contrary to normal anesthetic practice in the 
non-trauma patient, where extension of the neck makes visu-
alization of the vocal cords, and therefore intubation, easier.

The laryngoscope, held in the left hand, is inserted into the 
right side of the patient’s mouth and over the back of the 
tongue, displacing it to the left. The back of the tongue is 
observed while the curved blade of the laryngoscope is 
advanced until the epiglottis comes into view. With care taken 
not to move the neck, the whole lower jaw is moved anteriorly 
as the tip of the blade is moved anterior to the epiglottis. 
Under direct vision, the anesthetist then advances the endo-
tracheal tube through the vocal cords. If a gum elastic bougie 
is used, an endotracheal tube of the appropriate size is “rail-
roaded” into the trachea. A size 8 tube is usually suitable for 
women and a size 9 tube for men. The cuff is then inflated, 
producing an airtight seal. Care must be taken to avoid 
trauma to the upper front teeth from the laryngoscope.

Proper placement of the tube is suggested but not con-
firmed by hearing equal breath sounds bilaterally on ausculta-
tion in both axillae and detecting no breath sounds in the 

with profuse bleeding. Under these circumstances, surgical 
cricothyroidotomy may be a life-saving option. If the injury 
is in the trachea below the potential tracheostomy site, the 
thoracic surgeons should be involved.

Advanced Airway Maneuvers:  
definitive Airway
A definitive airway is defined as an inflated cuffed tube in the 
trachea. Definitive airways are of three types: the orotracheal 
tube, the nasotracheal tube, and the surgical airway (crico-
thyroidotomy or tracheostomy). A definitive airway should 
be considered if any of the following is present:

• Apnea
• Inability to maintain a patent airway by other means
• The need to protect the lower airway from blood or vomit
• Potential compromise of the airway (e.g., after burn injury, 

other inhalational injury, facial fractures, retropharyngeal 
hematoma, or sustained seizure activity)

• A closed-head injury requiring assisted ventilation 
(Glasgow Coma Scale [GCS] score of 8 or less)

• Inability to maintain adequate oxygenation by facemask 
oxygen supplementation

Patients who are without a gag reflex should be intubated 
with an appropriately sized endotracheal tube that has a low-
pressure cuff, so that ventilation can be carried out safely. 
Attempts at ventilation with a bag and mask in these patients 
may lead to gastric distention with air and can precipitate 
vomiting. Orotracheal intubation with cervical in-line immo-
bilization is recommended, rather than blind nasotracheal 
intubation, especially if a base-of-skull fracture is suspected. 
If this proves to be difficult, a surgical airway is then 
considered.

The most important determinant of whether to proceed 
with orotracheal or nasotracheal intubation is the experience 
of the doctor. Nasotracheal intubation should not be 
attempted in an apneic patient nor undertaken if a fracture 
of the base of the skull is suspected.

The route of choice for securing the airway depends on 
several factors. Between 5% and 10% of patients with blunt 
trauma of the head and neck have an associated fracture of 
the cervical spine. Laryngoscopy and orotracheal intubation 
are generally considered to be safe procedures and can be 
accomplished with minimal changes in the position of the 
neck when performed by a competent operator while an 
assistant immobilizes the patient’s head. Visualization of the 
cords may require aids such as the gum elastic bougie. 
Another skilled assistant must provide pressure on the cricoid 
to protect the patient from aspiration of gastric contents. The 
stomach may already have been emptied by the passage of a 
nasogastric tube.

A fiberoptic intubating bronchoscope may facilitate diffi-
cult orotracheal or nasotracheal intubation if the patient’s 
condition permits, but in the presence of distorted anatomy 
and hemorrhage, the procedure should be attempted only by 
an experienced anesthetist who is ready to abandon the pro-
cedure and proceed to establishment of a surgical airway if 
success is not achieved rapidly (Box 3-4).

Rapid-sequence induction with anesthetic agents, neuro-
muscular blocking drugs, and esophageal occlusion by cricoid 
pressure is best carried out by the anesthetist, who is 

BOX 3-4 Airway: Patients at Risk

1. Altered level of consciousness
• Hypoxia
• Head injury
• Hypoglycemia
• Alcohol
• Drugs

2. Maxillofacial injuries (patient in supine position)
• Profuse bleeding
• Displaced teeth, dentures, and so on
• Facial fractures

3. Facial burns (inhalational injury): impending airway obstruction
4. Penetrating neck injury: potential compression of airway from closed 

hemorrhage
5. Direct laryngeal trauma
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Pco2. The patient can be ventilated by this technique for a 
maximum of 30 to 45 minutes. Jet insufflation must also 
be used with caution if obstruction by a foreign body in 
the glottic area is suspected. Although high pressure may 
expel the impacted material into the hypopharynx, from 
which it can be readily removed, significant barotrauma 
may occur, including pulmonary rupture with tension 
pneumothorax. Low flow rates (5-7 L/min) should be used 
if a persistent glottic obstruction is present. During the 
4-second periods in which oxygen is not being delivered 
under pressure, some exhalation occurs. Because of the 
inadequate exhalation, carbon dioxide slowly accumu-
lates. This limits the use of this technique, especially in 
head-injured patients.

• Patients in whom a surgical airway is required often have 
a head injury. A rise in Pco2 must be avoided, because it 
will result in cerebral vasodilatation, a rise in cerebral 
blood flow, and possibly increased intracranial pressure.

• Needle cricothyroidotomy does not protect the airway. In 
cases of severe maxillofacial trauma with disruption of the 
normal anatomy and profuse bleeding, orotracheal intuba-
tion may fail, and a surgical airway may be necessary  
(Box 3-5).

Needle cricothyroidotomy should therefore be looked 
upon only as an immediate life-saving procedure. As 
soon as it has been completed and the Po2 is improving, 

epigastrium. An end-tidal carbon dioxide monitor will 
rapidly confirm the presence of the endotracheal tube in the 
airway. Pressure on the cricoid can only then be released and 
the tube secured with tapes. Proper positioning of the tube is 
best confirmed by a chest radiograph once the possibility of 
esophageal intubation has been excluded.

End-tidal carbon dioxide (CO2) detectors are colorimet-
ric devices that use a chemically treated indicator strip to 
reflect the CO2 level. The indicator changes color from purple 
at low levels of CO2 (e.g., atmospheric air) to yellow at higher 
levels. A tan color indicates levels of CO2 that are generally 
lower than those found in the exhaled tracheal gases. Patients 
with gastric distention may have elevated CO2 levels in their 
esophagus, which clear rapidly after several breaths, so care 
should be taken to avoid assessing the results until after at 
least six breaths. If the colorimetric device still shows an 
intermediate range, six additional breaths should be taken or 
given.

After intubation, the patient is appropriately ventilated. 
Although capnography and pulse oximetry may provide 
immediate noninvasive assessment of oxygenation and the 
adequacy of ventilation, arterial blood gas tension should be 
analyzed at the first opportunity.

Nasotracheal Intubation
Blind nasotracheal intubation requires spontaneous breath-
ing and is therefore contraindicated in the apneic patient. The 
deeper the patient breathes, the easier it is to follow the air 
into the larynx. Facial fractures, frontal sinus fractures, base-
of-skull fractures, and cribriform plate fractures are relative 
contraindications and are suggested clinically by the presence 
of nasal fractures, “panda eyes” (Fig. 3-12), Battle’s sign (Fig. 
3-13), and evidence of cerebrospinal fluid (CSF) leakage.

Endotracheal tubes can easily become displaced when 
patients are transported, so patients who arrive at the hospital 
with an endotracheal tube already in place must have the 
proper positioning of their tube confirmed.

Surgical Airway
Inability to intubate the trachea orally or nasally is a clear 
indication for creation of a surgical airway. If edema of the 
glottis, fracture of the larynx, or severe oropharyngeal hem-
orrhage obstructs the airway and an endotracheal tube cannot 
be placed through the cords, a surgical airway is performed. 
A surgical cricothyroidotomy is preferable to a tracheostomy 
for most patients. It is easier and requires less time to perform, 
and it is associated with less bleeding and fewer complications 
than an emergency tracheostomy.17

Needle Cricothyroidotomy Life-saving oxygenation can be 
provided through a large-bore (12- to 14-gauge) cannula 
(Venflon) that is connected to wall oxygen (at 15 L/min) and 
has a Y-connector or side hole in the tubing between the 
oxygen source and the cannula (Fig. 3-14).

Intermittent insufflation (1 second on and 4 seconds off) 
can be achieved by occluding and then uncovering the open 
end of the Y-connector or the side hole of the oxygen tubing. 
Although needle cricothyroidotomy can provide a life-saving 
supply of oxygen, there are associated problems:

• Although oxygenation may be adequate with this tech-
nique, ventilation is not, and there is a gradual rise in the 

FIGURE 3-12  Severe facial trauma results in severe facial swelling, 
“football face,” and bilateral “panda eyes” (or “raccoon eyes”) associ-
ated with middle-third facial fractures. 
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procedure safely. Percutaneous tracheostomy involves the use 
of a guidewire and multiple dilators (Seldinger technique), 
which is time-consuming and requires attention to detail; it 
is not advocated if a safer, more rapid technique is available.

Tracheostomy is rarely indicated as an emergency proce-
dure. Severe distorting injury to the structures above or at the 
level of the larynx can render endotracheal intubation impos-
sible, but in this setting cricothyroidotomy is preferred to 
emergency tracheostomy. Emergency tracheostomy is associ-
ated with high mortality and morbidity, often with profuse 
hemorrhage; cricothyroidotomy is quicker, easier, and safer 
to perform.17-19

Cervical Spine Control
Throughout the time that the airway is being secured, the 
patient must continue to have in-line immobilization of the 
cervical spine.

The patient may arrive with the cervical spine already 
immobilized on a long spine board with a semirigid cervical 
collar and head blocks. If not, definitive cervical spine control 
requires either in-line immobilization of the neck in the 
neutral position by having an assistant hold the head or the 
application of a semirigid cervical collar, sandbags placed on 
either side of the head, and tapes over the forehead and chin 
to immobilize the head and neck against the gurney. If these 
need to be removed temporarily, the head and neck should 
be immobilized by manual in-line immobilization. If the 
patient is restless and agitated, immobilizing the head and 
neck while allowing the rest of the body to move can damage 
the cervical spine; in such cases, just a semirigid collar is 
acceptable.

Stabilization must be maintained until cervical spine 
injury has been excluded. This may occur once the primary 
survey is completed and the patient is stabilized, but only if 
the patient is fully conscious, is not under the influence of 
alcohol or drugs, has no other “distracting” injuries that may 
prevent concentration on the neck, and is able to gently move 
the neck without any symptoms of pain or neurological 
abnormality. In the absence of any of these factors, the cervi-
cal spine may not be cleared until a magnetic resonance 
imaging (MRI) scan has been carried out and assessed by an 
expert. Plain cervical spine radiographs alone are not suffi-
cient to exclude cervical spine injury.

B: BREATHINg ANd VENTILATION

Once the airway has been secured, breathing and ventilation 
must be assessed. Ventilation may be compromised not only 
by airway obstruction but also altered ventilatory mechanics 
or central nervous system depression. Therefore, if breathing 
is not improved by clearing of the airway, other factors must 
be considered:

• Direct trauma to the chest, especially with rib fractures, 
causes pain with breathing and leads to rapid, shallow 
breathing and hypoxemia. Elderly patients and those  
with preexisting pulmonary pathology are particularly 
vulnerable.

• Intracranial injury may cause abnormal patterns of breath-
ing and compromise the adequacy of ventilation.

• Cervical spinal cord injury may result in diaphragmatic 
breathing and interfere with the ability to meet increased 

arrangements should commence to perform a surgical crico-
thyroidotomy to effect a definitive and secured airway.  
An experienced surgeon may elect to carry out a surgical 
cricothyroidotomy rather than first performing a needle  
cricothyroidotomy (Box 3-6).

Surgical Cricothyroidotomy Surgical cricothyroidotomy is 
performed by making a skin incision that extends through 
the cricothyroid membrane. Ideally, a tracheal dilator should 
be inserted to open up the incision, separating the thyroid 
and cricoid cartilages and enabling visualization of the 
trachea, suction with a Yankuer-type tube, and insertion of 
the tracheostomy tube under direct vision. A curved hemo-
stat may be used if a tracheal dilator is not available. A small 
endotracheal tube or a tracheostomy tube (preferably 
5-7 mm) should be inserted to avoid tearing the trachea or 
damaging the cricoid cartilage. Care must be taken, especially 
with children, to avoid damage to the cricoid cartilage, which 
is the only circumferential support to the upper trachea (Fig. 
3-15; Boxes 3-7 and 3-8).

Percutaneous tracheostomy is not a technique designed 
for the emergency situation. The patient’s neck must be 
extended to properly position the head to perform the 

FIGURE 3-13  Battle’s  sign  (bruising  over  the  postauricular  and 
mastoid  area)  usually  indicates  a  base-of-skull  fracture.  It  may  take 
some hours before it becomes evident. 
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FIGURE 3-14  Technique of needle cricothyroidotomy. A, Assemble the required equipment: alcohol 
wipe, 12- to 14-gauge intravenous cannula with 10-mL syringe with 1 mL of air, and intravenous tubing 
with Luer lock connection to cannula and Y-connector. B, Insert cannula through the cricothyroid mem-
brane,  45  degrees  caudad;  eject  air  from  syringe  and  aspirate.  Air  indicates  correct  placement.  
C, Remove syringe and needle while  fully  inserting  the cannula. Connect  tubing  to cannula. Connect 
the other end to the oxygen supply and run at 12 to 15 L/min, using intermittent insufflation (1 second 
of occlusion of the Y-connector and 4 seconds off). 

A

B

C

BOX 3-6 Technique for Needle Cricothyroidotomy

1. Establish Universal Precautions against cross-infection.
2. Prepare skin quickly with antiseptic.
3. Attach syringe to Venflon with 1 mL of air in syringe.
4. Identify cricothyroid membrane.
5. Immobilize trachea with finger and thumb.
6. Insert Venflon in midline, through skin and membrane, at a 45-degree 

angle, aiming caudad, away from the larynx.
7. Eject air from syringe and aspirate through syringe; if air comes back, 

cannula must be in trachea.
8. Remove syringe and trocar.
9. Connect oxygen supply via tubing with Y-connector.

10. Jet insufflate: 1 second occluding the Y, followed by 4 seconds off.
11. Prepare for surgical cricothyroidotomy and call for an experienced surgeon 

to perform it, if possible.

BOX 3-5 Equipment for Needle Cricothyroidotomy

• Source of oxygen (up to 15 L/min)
• Connecting tube with either a Y-connector or a hole in the side
• 10-mL syringe
• 12- to 14-gauge Venflon + spare

oxygen demands. Complete cervical cord transection that 
spares the phrenic nerves (C3-4) results in abnormal 
breathing and paralysis of the intercostal muscles. Assisted 
ventilation may be required.

Thoracic injuries that are immediately life-threatening 
should be identified in the primary survey. They can be 
remembered by the mnemonic, ATOM FC:

A: Airway obstruction
T: Tension pneumothorax
O: Open pneumothorax



40 C HA P T E R 3 Immediate Care in the Emergency Room

A B

C D

E F

FIGURE 3-15  Technique of surgical cricothyroidotomy. A, Assemble the required equipment: local anesthetic with lido-
caine  (lignocaine) and epinephrine  (adrenaline)  for both anesthesia and vasoconstriction. B, Secure  in-line  immobilization 
of the patient’s head by an assistant. Make a 3-cm horizontal incision through skin over cricothyroid membrane (having first 
removed the cannula if needle cricothyroidotomy was performed). C, Stab vertically down through membrane and make a 
1-cm incision. d, Insert tracheal dilator horizontally and open it, separating the thyroid and cricoid cartilages. Suck out the 
trachea with a Yankeur-type sucker. E, Having checked that  the cuff  inflates,  insert  the tracheostomy tube into the trachea. 
F, Remove the introducer,  inflate  the cuff, and connect oxygen supply via Ambu bag. Reassess and monitor O2 saturation 
and end-tidal CO2; auscultate both sides of the chest for air entry. 
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BOX 3-7 Equipment for Surgical Cricothyroidotomy

• Local anesthetic: lidocaine (lignocaine) + epinephrine (adrenaline)
• Scalpel
• Suction: rigid (Yankuer-type) tube
• Tracheal dilator
• Size 6 cuffed tracheostomy tube + spare
• 10-mL syringe
• 12- to 14-gauge Venflon + spare
• Ambu-type bag
• Oxygen supply
• Stethoscope

BOX 3-8 Technique for Surgical Cricothyroidotomy

1. Establish Universal Precautions.
2. Prepare skin with antiseptic.
3. Infiltrate local anesthetic and allow time for vasoconstrictor to work.
4. Check equipment (connections fit, cuff inflates).
5. Immobilize trachea between finger and thumb.
6. Remove jet-insufflation Venflon.
7. Make a 3-cm horizontal incision through skin so that skin edges part, using 

hole from Venflon to identify the level.
8. Stab vertically down with scalpel through cricothyroid membrane and incise 

a 1-cm cut.
9. Insert tracheal dilator and spread, separating thyroid and cricoid cartilages 

and creating an airway.
10. Insert suction to remove blood or other obstructions; view trachea (with or 

without application of oxygen), keeping tracheal dilator spread.
11. Insert tracheostomy tube; under direct vision, remove tracheal dilator, then 

remove introducer from tube.
12. Inflate cuff.
13. Connect oxygen supply via Ambu bag.
14. Auscultate chest.
15. Secure tracheostomy tube with tapes or stitches.
16. Monitor O2 saturation and end-tidal CO2.
17. If insertion fails, reinsert Venflon, reoxygenate, and reassess.

Suspect Cervical Spine Injury

Oxygenate/Ventilate

Apnea

Orotracheal intubation
(in-line C-spine immobilization)

Unable to intubate

Severe maxillofacial injury

Unable to intubate

Breathing

Orotracheal or nasotracheal intubation
(in-line C-spine immobilization)

Unable to intubate

Pharmacological 
adjunct

Orotracheal 
intubation

Unable to intubate

Surgical airway
G

g, Algorithm leading to surgical airway. FIGURE 3-15, cont’d 

M: Massive hemothorax
F: Flail chest
C: Cardiac tamponade

Simple pneumothorax, hemothorax, fractured ribs, and pul-
monary contusion may compromise ventilation to a lesser 
degree, are not immediately life-threatening, and are usually 
identified in the secondary survey.

Because ventilation requires adequate function of the 
lungs, chest wall, and diaphragm, each component must be 
examined and evaluated rapidly.



42 C HA P T E R 3 Immediate Care in the Emergency Room

Tension Pneumothorax
Tension pneumothorax may develop when an air leak occurs 
from the lung or through the chest wall and acts as a one-way 
valve. With every breath, air is forced into the thoracic cavity, 
between the parietal and visceral pleurae, without any means 
of escape. The affected lung gradually collapses as the volume 
of the intrapleural space enlarges. The problem is exacerbated 
as ventilatory effort increases to overcome the increasing 
dyspnea. The mediastinum is displaced to the opposite side, 
decreasing venous return and compressing the opposite lung.

The most common cause is positive-pressure ventilation 
in a patient with a visceral pleural injury. However, a tension 
pneumothorax can complicate a simple pneumothorax after 
penetrating or blunt chest trauma in which a parenchymal 
lung injury has failed to seal, or it can even occur as a com-
plication of insertion of a subclavian or internal jugular 
venous line. It is a clinical diagnosis, and treatment should 
not be delayed by waiting for radiological confirmation. A 
tension pneumothorax is characterized by chest pain, air 
hunger, respiratory distress, tachycardia, hypotension, tra-
cheal deviation, unilateral absence of breath sounds, neck 
vein distention, and cyanosis as a late manifestation. It may 
be confused initially with cardiac tamponade, although a 
hyperresonant percussion note and absent breath sounds 
over the affected hemithorax distinguish a tension pneumo-
thorax from cardiac tamponade.

Tension pneumothorax requires immediate decompres-
sion by insertion of a large-bore needle into the second inter-
costal space in the midclavicular line of the affected 
hemithorax. Definitive treatment requires the insertion of a 
chest drain into the fifth intercostal space (nipple level) just 
anterior to the midaxillary line (Box 3-9).

All of the patient’s clothing must be removed to enable 
proper examination of the whole body.

Check that the trachea lies centrally in the suprasternal 
notch.

The respiratory rate, effort, and symmetry should be 
recorded, because these are sensitive indicators of underlying 
pulmonary contusion, hemothorax, pneumothorax, and frac-
tured ribs. At the same time, both sides of the chest should 
be inspected and then palpated for bruising, abrasions, open 
wounds, and evidence of penetrating trauma. Cardiac tam-
ponade is usually associated with a penetrating injury. Para-
doxical breathing is seen with a flail chest only if the segment 
is large or central or if the patient’s muscles become fatigued. 
After inspection and palpation, the chest should be auscul-
tated and percussed to assess symmetry of ventilation and 
resonance.

Listening over the anterior chest detects air moving  
mainly in the large airways, and listening in the axillae gives 
an accurate assessment of pulmonary ventilation. This aids in 
the diagnosis of a tension pneumothorax or a massive 
hemothorax.

A tension pneumothorax should be relieved immediately 
by needle thoracocentesis and insertion of a chest drain. A 
pneumothorax or a hemothorax should be treated by the 
insertion of a chest drain with a gauge of 0.28 in the fifth 
intercostal space just anterior to the midaxillary line. This 
allows blood and air to be drained but should always be pre-
ceded by placement of intravenous lines.

During examination of the chest, a pulse oximeter should 
be used. This gives information regarding the patient’s oxygen 
saturation and peripheral perfusion but does not assure ade-
quate ventilation. Electrocardiographic (ECG) leads should 
also be attached.

Pulse Oximetry Monitoring
The pulse oximeter measures oxygen saturation and the pulse 
rate in the peripheral circulation. A microprocessor calculates 
the heart rate and also the percentage saturation of oxygen in 
each pulse of arterial blood that flows past a sensor. Two thin 
beams of light, one red and the other infrared, are transmitted 
from a light-emitting diode (LED) to a photodiode through 
blood and body tissue, which absorb a portion of this light. 
The photodiode measures that portion of the light that passes 
through the blood and body tissue. The relative amount of 
light absorbed by oxygenated hemoglobin differs from that 
absorbed by deoxygenated hemoglobin, and the micropro-
cessor evaluates these differences in the arterial pulse and 
reports the values as a calculated oxyhemoglobin saturation 
value (% Sao2).

The accuracy is unreliable when there is poor peripheral 
perfusion, whether from vasoconstriction, hypotension, a 
blood pressure cuff that is inflated above the sensor, hypo-
thermia, or another cause of poor blood flow. Severe anemia 
and high levels of carboxyhemoglobin or methemoglobin 
may cause abnormalities, and circulating dye (methylene 
blue) may interfere with the measurement. Excessive patient 
movement, other electrical devices, or intense ambient light 
may also cause malfunction of the device; if the pulse oxim-
eter has been attached to a finger, nail varnish will also affect 
accuracy.

Airway obstruction has already been discussed.

BOX 3-9 Needle Thoracocentesis

1. Establish Universal Precautions.
2. Assess the patient’s chest and respiratory status.
3. Administer high-flow oxygen and ventilate as necessary.
4. Identify the second intercostal space in the midclavicular line on the side 

of the tension pneumothorax. Find the angle of Louis and move out 
laterally.

5. Surgically prepare the chest.
6. Place the patient in an upright position if a cervical spine injury has been 

excluded.
7. Attach a 10-mL syringe, with 1 mL of air in it, to a large-bore (12- to 

14-gauge) over-the-needle catheter.
8. Insert catheter into the skin and direct the needle just over the top of the 

rib into the intercostal space.
9. Puncture the parietal pleura.

10. Eject air from syringe into chest, ejecting plug of skin from catheter, and 
remove plunger from syringe.

11. Listen for a sudden escape of air when the needle enters the parietal pleura, 
indicating that the tension pneumothorax has been relieved.

12. Remove the needle. Leave the plastic catheter in place and secure it. Attach 
a three-way valve.
Apply a small dressing over the insertion site.

13. Prepare for a chest drain insertion (see Box 3-10); it should be inserted at 
the nipple level anterior to the midaxillary line of the affected 
hemithorax.

14. Connect the chest drain to an underwater seal device, and remove the 
catheter used to relieve the tension pneumothorax initially.

15. Reassess breathing and respiration. Obtain a chest radiograph.
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alert the examiner to the possible need for thoracotomy due 
to damage to the great vessels, hilar structures, and heart, 
with the associated potential for cardiac tamponade. Thora-
cotomy should be performed only by a surgeon who is quali-
fied by training and experience.

Flail Chest
Flail chest occurs when a segment of the chest wall loses  
bony continuity with the rest of the thoracic cage; this is 
usually a result of trauma associated with multiple rib frac-
tures with a number of ribs being fractured in two places.  
The presence of a flail chest segment results in severe disrup-
tion of the normal chest wall movement. Although chest  
wall instability leads to paradoxical movement with inspira-
tion and expiration, this alone does not cause hypoxia.  
Serious hypoxia results from significant injury to the underly-
ing lung parenchyma (pulmonary contusion). Associated 
pain with chest wall movement adds to the patient’s  
hypoxia.

Flail chest may not be apparent initially because of splint-
ing of the chest wall. The patient moves air poorly, and move-
ment of the thorax is asymmetrical and uncoordinated. 
Palpation of abnormal respiratory motion and crepitus of rib 
or cartilage fractures aid the diagnosis. A chest radiograph 
shows multiple rib fractures, and arterial blood gas analysis 
shows respiratory failure with hypoxia.

Initial treatment includes provision of adequate ventila-
tion, administration of humidified oxygen, and fluid resusci-
tation. In the absence of hypotension, fluid resuscitation 
should be carefully controlled to prevent overhydration. The 
definitive treatment is to re-expand the lung, ensure oxygen-
ation as completely as possible, administer fluids judiciously, 
and provide analgesia with regional blocks to improve venti-
lation. Some patients can be managed without the use of  
a ventilator. However, prevention of hypoxia is important, 
and a short period of intubation and ventilation may be 
necessary.

Cardiac Tamponade
Cardiac tamponade results commonly from penetrating  
injuries, but blunt injury may also cause the pericardium to 
fill with blood from the heart, great vessels, or pericardial 
vessels. The human pericardial sac is an inelastic, fibrous 
structure, and only a relatively small amount of blood is 
required to restrict cardiac activity and interfere with cardiac 
filling. Removal of small amounts of blood, as little as 15 to 
20 mL, by pericardiocentesis may result in immediate 
improvement.

The diagnosis can be difficult:

• The classic and diagnostic Beck’s triad consists of venous 
pressure elevation causing distended neck veins, decline in 
arterial pressure, and muffled heart sounds. However, 
muffled heart sounds can be difficult to assess in a noisy 
resuscitation room; distended neck veins may be absent 
due to hypovolemia; and hypotension is most often caused 
by hypovolemia.

• Pulsus paradoxus (normal physiological decrease in sys-
tolic blood pressure during inspiration) greater than 
10 mm Hg is another sign of cardiac tamponade, but this 
may also be absent in some patients and may be difficult 
to assess in the emergency setting.

Open Pneumothorax
Large defects of the chest wall that remain open result in an 
open pneumothorax. Equilibration between intrathoracic 
pressure and atmospheric pressure is immediate. If the opening 
in the chest wall is approximately two-thirds the diameter of 
the trachea, air passes preferentially through the chest defect 
with each respiratory effort. Effective ventilation is thereby 
impaired, leading to hypoxia and hypercarbia.

Initial management is by prompt closure of the defect with 
a sterile occlusive dressing that is large enough to overlap the 
wound’s edges and is taped securely on three sides to provide 
a flutter-type valve effect. A chest drain should be placed 
remote from the site of the open pneumothorax as soon as 
possible. Definitive surgical closure of the defect may be 
required later (Box 3-10).

Massive Hemothorax
Massive hemothorax results from a rapid accumulation of 
more than 1500 mL of blood in the chest cavity. It is most 
commonly caused by a penetrating wound that disrupts the 
systemic or hilar vessels, but it can also result from blunt 
trauma. The neck veins may be flat due to severe hypo-
volemia, but they may be distended if there is an associated 
tension pneumothorax or cardiac tamponade. Massive hemo-
thorax is discovered when shock is associated with the 
absence of breath sounds or dullness to percussion on one 
side of the chest, or both.

It is initially managed by a simultaneous restoration of 
blood volume and decompression of the chest cavity. If 
1500 mL is drained immediately, it is highly likely that the 
patient will require an early thoracotomy. Those patients who 
initially lose less than 1500 mL but continue to bleed may also 
require a thoracotomy. However, this decision is based not so 
much on the rate of blood loss (200 mL/hr for 2-4 hours) as 
on the patient’s physiological status.

Penetrating anterior chest wounds medial to the nipple 
line and posterior chest wounds medial to the scapula should 

BOX 3-10 Chest Drain Insertion

1. Establish Universal Precautions.
2. Identify the insertion site; usually, it is at the nipple level (fifth intercostal 

space) anterior to the midaxillary line on the affected side. A second chest 
drain may be used for a hemothorax.

3. Prepare and drape the chest.
4. Administer local anesthetic with epinephrine (adrenaline) to the skin and 

rib periosteum.
5. Make a 3-cm transverse incision at the predetermined site, and bluntly 

dissect through the subcutaneous tissue just over the top of the rib.
6. Puncture the parietal pleura with the tip of a clamp and perform a finger 

sweep with a gloved finger through the incision, to avoid injury to other 
organs and to clear adhesions and clots.

7. Remove the trocar from the chest drain.
8. Clamp the proximal end of the chest drain tube and advance the tube into 

the pleural space to the desired length.
9. Look for “fogging” of the chest tube with expiration or listen for air 

movement.
10. Connect the end of the thoracostomy tube to an underwater seal.
11. Suture the tube in place.
12. Apply an occlusive dressing and tape the tube to the chest.
13. Reassess the chest. Obtain a chest radiograph.
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hemorrhage, coagulopathy, and incomplete resuscitation; 
ATLS is directed toward this group of patients, among others.

Most injured patients who are in shock are suffering from 
hypovolemia, but there are also other forms of shock, such as 
cardiogenic, neurogenic, and septic shock. In addition, 
cardiac tamponade and tension pneumothorax reduce venous 
return to the heart and may produce shock. Neurogenic 
shock results from extensive injury to the central nervous 
system or spinal cord, which causes peripheral vasodilatation, 
and patients may present with shock from both hypovolemia 
and vasodilatation. Septic shock is unusual but must be con-
sidered in patients whose retrieval from the scene of trauma 
has been significantly delayed by many hours or days.

Pathophysiology of Shock
Shock is defined as “an abnormality of the circulatory system 
that results in inadequate organ perfusion and tissue oxygen-
ation.”21 Left unchecked, it leads to the “lethal triad” of meta-
bolic acidosis, hypothermia, and coagulopathy, resulting in 
end-organ dysfunction.22 Metabolic acidosis is caused by 
inadequate tissue perfusion and oxygenation and the anaero-
bic glycolysis that results in lactic acid production. The 

• Tension pneumothorax on the left side may mimic cardiac 
tamponade.

• Kussmaul’s sign (a rise in venous pressure with inspiration 
when breathing spontaneously) is a true abnormality asso-
ciated with cardiac tamponade.

• Pulseless electrical activity (PEA) in the absence of hypo-
volemia and tension pneumothorax suggests cardiac 
tamponade.

A high index of suspicion regarding a patient who is unre-
sponsive to resuscitation, most frequently in association with 
a penetrating injury to the chest, is all that is necessary to 
initiate pericardiocentesis by the subxiphoid method. If pos-
sible, an ultrasound examination of the pericardium (and the 
abdomen) should be urgently obtained to confirm the suspi-
cion. The use of a plastic-sheathed needle or the Seldinger 
technique for insertion of a flexible catheter is ideal, but the 
urgent priority is to aspirate blood from the pericardial sac. 
ECG monitoring is mandatory and may identify traumatic 
(or preexisting) and needle-induced dysrhythmias. Because 
of the self-sealing qualities of the injured myocardium, aspi-
ration of pericardial blood alone may relieve symptoms tem-
porarily. However, all patients with positive pericardiocentesis 
resulting from trauma require open thoracotomy for inspec-
tion of the heart.

Pericardiocentesis may not be diagnostic or therapeutic 
because the blood in the pericardial sac may have clotted; 
open pericardiotomy can be life-saving but is indicated only 
if a qualified surgeon is available (Box 3-11).

Resuscitative Thoracotomy
Closed-heart massage for PEA or cardiac arrest is ineffective 
in the hypovolemic patient.

Patients with penetrating thoracic injuries who arrive 
pulseless but with myocardial electrical activity may be can-
didates for immediate resuscitative thoracotomy by a quali-
fied surgeon. The patient must be intubated and ventilated, 
with appropriate fluid resuscitation running; access is then 
gained via a left anterior thoracotomy.

Resuscitative thoracotomy may enable:

• evacuation of pericardial blood causing tamponade.
• direct control of intrathoracic hemorrhage.
• open cardiac massage.
• cross-clamping of the descending aorta to slow blood loss 

below the diaphragm and increase perfusion to the brain 
and heart.

Despite the value of these maneuvers, open thoracotomy 
in the resuscitation room for patients with blunt trauma and 
cardiac arrest is rarely effective.

C: CIRCULATION ANd HEMORRHAgE CONTROL

An adequate volume of blood in the circulation is essential 
to maintain cerebral perfusion and vital function of the heart, 
kidneys, lungs, and other organs. Acute blood loss resulting 
in hypovolemic shock is responsible for 30% to 40% of trauma 
deaths, up to half of which occur in the prehospital period.20 
Acute blood loss has been identified as one of the major 
causes of preventable deaths on arrival at hospital.12 Early 
mortality in the resuscitation room is caused by continued 

Committee on Trauma, American College of Surgeons: 2008 Advanced Trauma Life Support 
manual, Chicago, 2008, ACS, p 109.

BOX 3-11 Pericardiocentesis

1. Establish Universal Precautions.
2. Monitor the patient’s vital signs and ECG tracings before, during, and after 

the procedure.
3. Surgically prepare the xiphoid and subxiphoid area if time allows.
4. Administer local anesthetic if necessary.
5. Using a 16- to 18-gauge, 6-inch or longer over-the-needle catheter, attach 

a 20-mL empty syringe with a three-way stopcock.
6. Assess the patient for any mediastinal shift that may have caused the heart 

to shift significantly.
7. Puncture the skin 1 to 2 cm inferior and to the left of the xiphochondral 

junction, at a 45-degree angle to the skin.
8. Carefully advance the needle upward, aiming toward the tip of the left 

scapula.
9. If the needle is advanced too far, penetrating ventricular muscle, an injury 

pattern known as the current injury appears on the ECG monitor (i.e., 
extreme ST changes and widened or enlarged QRS complexes). This indi-
cates that the needle should be withdrawn until the previous baseline ECG 
tracing appears. Premature ventricular contractions may also occur second-
ary to irritation of the ventricular myocardium.

10. After the needle enters the blood-filled pericardial space, withdraw as much 
nonclotted blood as possible.

11. During the aspiration, the epicardium approaches the inner pericardial 
surface, as does the needle tip. Subsequently, an ECG current injury pattern 
may reappear. Again, this indicates that the needle should be withdrawn 
slightly. If the pattern persists, withdraw the needle completely.

12. After aspiration, leave the catheter in place, remove the syringe and needle, 
and attach a three-way stopcock, leaving the stopcock closed. Secure the 
catheter in place.

13. If the cardiac tamponade symptoms persist, the stopcock may be opened 
and the pericardial sac reaspirated. The plastic pericardiocentesis catheter 
can be taped in place with a small dressing to allow for continued decom-
pression en route to surgery.

14. Reassess.
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on definitive repair of injuries. The sooner this can be imple-
mented and the quicker the patient can be transported to a 
center for definitive care, the better the outcome.

Hypothermia
Hypothermic patients with hemorrhagic shock do not 
respond normally to fluid resuscitation, and coagulopathy 
may develop. Aggressive measures should be taken to prevent 
the loss of body heat and to restore body temperature to 
normal. Hypothermia may be present when the patient 
arrives, or it may develop quickly in the emergency depart-
ment in the uncovered patient or through rapid administra-
tion of room-temperature fluids and refrigerated blood.

The most efficient way to prevent hypothermia in any 
patient receiving large volumes of fluid is to heat crystalloids 
to 39° C before using them. The fluid may be stored in a 
warmer, or a microwave oven may be used. Blood products 
should not be warmed in a microwave oven, but they may be 
heated by passage through intravenous fluid warmers. In 
addition, the temperature of the resuscitation area should be 
increased to minimize the loss of body heat.

Coagulopathy
Together with metabolic acidosis and hypothermia, coagu-
lopathy completes the lethal triad. Massive transfusion with 
resultant dilution of platelet and clotting factors and the 
adverse effect of hypothermia on platelet aggregation and the 
clotting cascade are the usual causes of coagulopathy in the 
injured patient.

Prothrombin time (PT), partial thromboplastin time 
(PTT), and platelet count are valuable baseline studies to 
obtain during the first hour, especially if the patient has a 
history of a coagulation disorder or takes medication that 
alters coagulation or if a reliable bleeding history cannot be 
obtained. Transfusion of platelets, cryoprecipitate, and fresh-
frozen plasma should be guided by these coagulation param-
eters, including fibrinogen.

Patients who have a major closed-head injury are particu-
larly prone to the development of coagulation abnormalities 
as a result of substances, especially tissue thromboplastin, 
that are released by damaged neural tissue. These patients 
should have their coagulation parameters closely 
monitored.

Hypotensive Resuscitation
When acute blood loss occurs, resulting in hypotension, 
baroreceptors in the carotid sinus release catecholamines 
which cause peripheral vasoconstriction, a narrowing of 
pulse pressure, increased myocardial contractility, and tachy-
cardia. The tachycardia and increased myocardial contractil-
ity result in increased oxygen demand from the myocardium, 
and there is preferential perfusion to the vital organs (myo-
cardium, cerebrum, and kidneys) at the expense of skin and 
peripheral tissues. Continuing uncontrolled hemorrhage 
results in shock (i.e., inadequate organ perfusion and oxygen-
ation), anaerobic metabolism, and metabolic acidosis, result-
ing in further end-organ dysfunction.

Classic teaching in the management of hypovolemic shock 
requires aggressive fluid resuscitation to return the vital signs, 
particularly blood pressure, to normal pretrauma parameters. 
In some situations, however, this can be detrimental to the 
patient. Certainly in the prehospital setting, where immediate 

acidosis leads to coagulation factor and platelet dysfunction, 
combined with coagulation factor consumption, resulting in 
a profound coagulopathy (Box 3-12).

Reperfusion Injury
Restoration of blood supply and oxygenation after a period 
of ischemia to the tissues may itself cause damage. The isch-
emic tissues produce an inflammatory response, and white 
cells arriving with the restoration of circulation release their 
own inflammatory factors, including interleukins and free 
radicals. In addition, the accumulation of white cells may 
block capillaries and lead to further ischemia. Reperfusion 
with oxygen may cause damage to cell proteins and cell mem-
branes and may result in cell death.

Studies have demonstrated the following:

1. Coagulopathy of trauma is present at an early stage after 
trauma.23

2. Crystalloid transfusion may increase reperfusion injury 
and leukocyte adhesion.24

3. Increased transfusion is associated with increased risks.25

4. Massive transfusion is an independent risk factor for 
increased risk of death.26

Much research is being carried out in military and civilian 
areas on ways of reducing the number of deaths from hypo-
volemic shock in the prehospital setting. The aim of damage 
control resuscitation is to rapidly prevent further blood loss 
and urgently restore tissue perfusion.27

Control of hemorrhage—the most preventable cause of 
death on the battlefield—has significantly improved since the 
introduction of field-applied topical hemostatic agents such 
as Quikclot and HemCom Bandage and the improved use of 
prefashioned tourniquets. Other innovations, such as low-
volume and hypertonic resuscitation, newer ratios of packed 
red cells to plasma in transfusions, availability of apheresis 
platelets, early resort to fresh whole blood, and possibly the 
use of human recombinant factor VIIa, are all being assessed 
for their benefits in military conflict zones.28

When in direct contact with an open wound, Quikclot 
adsorbs the water molecules from the blood. The larger plate-
let and clotting factor molecules remain in the wound in a 
highly concentrated form, promoting extremely rapid natural 
clotting. Hemcom Bandage is a positively charged polysac-
charide (chitosan) that attracts negatively charged erythro-
cytes into the bandage, thereby forming a tight seal.

damage Control Resuscitation
Research has led to a greater understanding of the physiology 
involved in the lethal triad and the need to treat early or even 
prophylactically, on expectation, patients who have severe 
injuries. Therefore, the principal aim of damage control 
resuscitation is to stop hemorrhage, minimize contamina-
tion, and restore near-normal physiology before embarking 

BOX 3-12 Lethal Triad

• Metabolic acidosis
• Hypothermia
• Hypocoagulopathy
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However, when deterioration does occur, it can be precipi-
tous. Well-trained athletes have similar compensatory mech-
anisms, are usually bradycardic at rest, and may not 
demonstrate the expected degree of tachycardia in the early 
stages of shock. Again, however, after compensatory mecha-
nisms are no longer able to cope, precipitous deterioration 
can occur (Box 3-13).

Hemorrhage
Hemorrhage is an acute loss of circulating blood volume. The 
blood volume in a normal 70-kg adult is approximately 7% 
of the body weight (i.e., about 5 L). Classes of hemorrhage 
based on percentage of acute blood volume loss and the  
associated anticipated clinical signs have been described 
(Table 3-1). Volume replacement should be directed by the 
response to initial therapy rather than by relying solely on the 
initial classification. It is dangerous to wait until the trauma 
patient fits the precise physiological classification of shock 
before initiating aggressive volume restoration. Fluid resusci-
tation must be initiated when early signs and symptoms of 
blood loss are apparent, not when the blood pressure is falling 
or absent.

• Class I hemorrhage: up to 15% blood volume loss (up 
to 750 mL). This is the equivalent of donating 1 unit of 
blood. Minimal tachycardia may be seen. No measurable 
changes occur in blood pressure, pulse pressure, or respi-
ratory rate. For healthy individuals, this amount does not 
require replacement; blood volume is restored within 24 
hours.

• Class II hemorrhage: 15% to 30% blood volume loss. In 
a 70-kg man, this represents 750 to 1500 mL of blood. 
Clinical symptoms include tachycardia, tachypnea, and a 
decrease in pulse pressure, which makes the pulse less 
palpable. The latter sign is mainly related to a rise in the 
diastolic component due to increased circulating catechol-
amines, which cause constriction in the peripheral venous 
circulation. Despite the significant blood loss and  
cardiovascular changes, urine output is only mildly 
affected (i.e., it is usually 20 to 30 mL/h) in the adult. 
Some of these patients may eventually require a blood 
transfusion, but they may be stabilized initially with crys-
talloid solution.

• Class III hemorrhage: 30% to 40% blood volume loss. This 
is approximately 2000 mL in an adult and can be devastat-
ing. Patients present with the classic signs of inadequate 
perfusion, including marked tachycardia and tachypnea, 
changes in mental status, and a measurable fall in systolic 
pressure. This is the least amount of blood loss that con-
sistently causes a drop in systolic blood pressure. Patients 
almost always require transfusion.

• Class IV hemorrhage: greater than 40% blood volume 
loss. This amount of blood loss is immediately life-threat-
ening. Signs include marked tachycardia, a significant fall 

surgical intervention is not available, better results may be 
produced by hypotensive resuscitation, in which the aim is 
only to resuscitate to a level at which cerebral, myocardial, 
and renal perfusion is satisfactory.

A systolic blood pressure of 90 mm Hg should ensure 
adequate vital organ perfusion for the average adult but is not 
high enough to cause renewed bleeding from recently clotted 
vessels.29 Children have a greater degree of hemodynamic 
compensation than adults. Elderly patients, who may have a 
higher pretrauma blood pressure, do not tolerate hypotension 
well, and a relatively higher blood pressure should be the 
target.

The ideal approach may be to manage airway and breath-
ing immediately at the scene and then address circulation 
with hypotensive resuscitation until the patient reaches a hos-
pital, where hemorrhage can be properly controlled and 
definitive treatment commenced. The concept of hypotensive 
resuscitation is appropriate for the prehospital setting or 
whenever definitive surgical intervention to stop continuing 
hemorrhage is delayed. If these concepts are to be formally 
implemented, it is essential that comprehensive training be 
provided to all parties involved in emergency medical care.

Recognition of Shock
Hypotension after injury must be considered to be hypovole-
mic shock until proved otherwise. Once airway and breathing 
have been stabilized, rapid evaluation of the patient’s circula-
tory system is essential to identify the severity of the problem, 
prevent further blood loss, and resuscitate the patient.

There are several signs of shock:

• Tachycardia: Palpate a central pulse, either carotid or 
femoral. Check for rate, regularity, and quality. A slow, full, 
regular pulse indicates relative normovolemia, whereas a 
rapid, thready pulse (caused by catecholamine release) 
indicates hypovolemia. An irregular pulse may be a 
warning of impending cardiac dysfunction. Inability  
to palpate a central pulse mandates immediate 
resuscitation.

• Skin color: Cold, ashen-gray, diaphoretic (sweaty) skin 
indicates exsanguinated extremities and therefore likely 
hypovolemia.

• Level of consciousness: When circulating volume is reduced, 
cerebral perfusion may be impaired, resulting in hypoxia. 
This can cause confusion, aggression, drowsiness, or coma.

• Respiratory rate: Tachypnea indicates oxygen insufficiency 
and may be a result of hypovolemia.

• Urine output: In a catheterized patient, the urine output, 
in conjunction with the specific gravity, may give a good 
indication of circulating volume.

Because healthy elderly patients have a limited ability to 
increase their heart rate in response to blood loss, tachycar-
dia, usually an early sign of volume depletion, may not reflect 
the true volume loss in these patients. Also, their blood pres-
sure may have little correlation with cardiac output. Use of 
β-blockers and other drugs may further prevent tachycardia. 
Therefore, great care is required in assessing the “shock” state 
of the elderly.

Children, on the other hand, have enormous reserve of 
physiological function, and this may enable relatively normal 
physiological parameters despite significant blood loss. 

BOX 3-13 Shock—Be Wary

• Athletes
• Children
• Elderly
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in association with closed fractures of the long bones. A frac-
tured tibia or humerus can be associated with the loss of as 
much as 1.5 units (750 mL) of blood. Twice that amount (up 
to 1500 mL) is commonly associated with femoral fractures, 
and several liters of blood may accumulate in a retroperito-
neal hematoma associated with a pelvic fracture. Life-
threatening hemorrhage can occur in any one of these sites 
in association with a single penetrating injury and in a 
number of them at once in cases of high-velocity blunt 
trauma, such as RTAs or significant falls.

Two short, wide-bore (14- to 16-gauge) peripheral lines 
must be inserted, preferably in the antecubital fossae. The rate 
of flow is proportional to the fourth power of the radius of 
the cannula and is inversely related to its length (Poiseuille’s 
law). If this is impossible, venous access should be gained by 
a venous cut-down, made 2 cm anterior and superior to the 
medial malleolus into the greater saphenous vein, or by inser-
tion of a short, wide-bore central line into the femoral or 
subclavian vein by the Seldinger technique. If a subclavian 
approach is used and a chest drain is already in place, the 
central line must be inserted on the same side. In children 
younger than 6 years of age, the placement of an intraosseous 
needle should be performed before central line insertion. This 
technique may now also be used in adults, using a drill sytem 
(EZ-IO) that enables quick access and rapid fluid infusion; 
this system is now being used by the military30 and increas-
ingly in civilian practice.

Twenty milliliters of venous blood should be drawn off for 
group, type, or full crossmatch; full blood count; urea and 
electrolytes; blood sugar; a clotting screen; and a pregnancy 
test for women of child-bearing age. A sample of venous 
blood should be sent for toxicological analysis (alcohol and 
drugs). An arterial blood sample should also be taken for 
blood gas and pH analysis. The blood pressure and the rate, 
volume, and regularity of the pulse should be recorded. A 
blood pressure monitor and an ECG monitor should be 
attached to the patient.

in systolic blood pressure, and a narrow pulse pressure. 
Urine output is negligible, and mental status is markedly 
depressed. The skin is cold and pale. These patients require 
rapid transfusion and immediate surgical intervention. 
Loss of more than 50% of a patient’s blood volume results 
in loss of consciousness, pulse, and blood pressure.

It is important to remember that, whereas loss of up to 
30% of blood volume produces tachycardia and reduced 
pulse pressure, the blood pressure may remain within normal 
limits. There is a consistent fall in the systolic blood pressure 
only after more than 30% of the blood volume has been lost.

Initial Management of Hemorrhagic Shock
The twin goals in resuscitation of the shock patient are pre-
vention of further blood loss and the earliest restoration of 
tissue perfusion (i.e., an adequate circulating volume).

The ability to reduce or prevent further blood loss depends 
on the circumstances. Local measures (described earlier) may 
be all that can be achieved in the prehospital setting, in con-
junction with initiation of fluid replacement and rapid trans-
port to an appropriate trauma care center. On arrival of the 
patient in the resuscitation room, airway and breathing must 
be addressed before circulation and hemorrhage control—or 
at the same time if a team is available.

External hemorrhage is identified and controlled by 
direct manual pressure on the wound. Tourniquets may be 
necessary in the prehospital setting but should be reassessed 
in the hospital, because they can lead to distal ischemia. 
Attempts should not be made to identify and clip vessels with 
hemostats in the resuscitation room, because this is time-
consuming, is often unsuccessful, and may damage surround-
ing structures such as nerves.

Occult bleeding is more difficult to identify. However, 
there are a limited number of sites into which significant 
blood loss can occur. These are the thoracic and abdomi-
nal cavities, the pelvis, the retroperitoneal space, and  

TABLE 3-1 Classifications and Signs of Hypovolemic Shock*

Class I Class II Class III Class IV

Blood loss
 Volume (mL) 750 800-1500 1500-2000 >2000
 Percentage <15 15-30 30-40 >40
Blood pressure
 Systolic Unchanged Normal Reduced Very low
 Diastolic Unchanged Raised Reduced Unrecordable
Pulse (beats/min) Slight 

tachycardia
100-120 120 (thready) 120 (very thready)

Capillary refill Normal Slow (0.2 s) Slow (0.2 s) Undetectable
Respiratory rate Normal Tachypnea Tachypnea (0.20/min) Tachypnea (0.20/min)
Urinary flow rate (mL/h) >30 20-30 10-20 0-10
Extremities Color normal Pale Pale Pale, cold, clammy
Complexion Normal Pale Pale Ashen

*In an adult, assuming a 70-kg patient with normally 5 L of circulating volume.
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thereby increasing circulating volume—blood should be 
given, because it is the only agent in general use that improves 
oxygen-carrying capacity.

Crystalloids such as Ringer’s lactate are isotonic electrolyte 
solutions that pass freely between the intravascular and inter-
stitial spaces; therefore, a three to four times greater volume 
is needed to produce a hemodynamic effect similar to that of 
colloids. Crystalloids also dilute clotting factors, and unless 
the patient is adequately warmed, they are more likely to 
cause hypothermia. Crystalloids are cheap and safe; however, 
in cases of severe uncontrolled hemorrhagic shock, damage 
control resuscitation must be considered.

Colloids are typically iso-oncotic and can be used to 
replace blood loss on a 1:1 volume basis; however, they do 
not directly improve the oxygen-carrying capacity. Polygela-
tins such as Hemaccel and Gelofusine are reasonably cheap, 
carry a relatively low anaphylactic risk, and have an intravas-
cular half life of 6 to 8 hours. Care must be taken not to 
overload the patient with fluid if blood transfusion is neces-
sary later. Hetastarch is more expensive; it has a longer half-
life (about 12 hours) but still carries a relatively low 
anaphylactic risk.

However, in a systematic review comparing the mortality 
rates after fluid resuscitation with colloid or crystalloid solu-
tions in critically ill patients, resuscitation with colloids was 
associated with an increased absolute risk of mortality. The 
authors stated that this finding “does not support the contin-
ued use of colloids for volume replacement in critically ill 
patients.”32

Hypertonic Saline and Synthetic Fluids
A number of studies have suggested that early infusion of a 
limited volume (approximately 250 mL) of 7.5% hypertonic 
saline with 6% dextran 70 may be beneficial in patients with 
severe trauma and continuing hemorrhage, especially in the 
prehospital setting.33 The hypertonic fluid osmotically draws 
fluid into the circulation, reducing viscosity; for this reason, 
it may also have a greater benefit than mannitol in reducing 
cerebral edema in head-injured patients.34

Because restoration of oxygenation to the tissues is essen-
tial to prevent metabolic acidosis and organ failure, new 
(fluorocarbon-based) synthetic fluids with oxygen-carrying 
capacity continue to be produced. Fluosol-DA20 was avail-
able in the United States in 1989 but had to be withdrawn due 
to limited success and side effects. More recently, trial results 
with Polyheme were not as promising as hoped. Given limited 
blood supplies, limited shelf life of blood, and the risks of 
cross-infection, a synthetic, sterile alternative would have a 
valuable role. Researchers are also looking at potential roles 
for stem cells, dendrimers, and placental umbilical cord 
blood.

Blood Replacement
Acute blood loss can be replaced either with fresh whole 
blood or by dividing the blood up into a number of separate 
components (e.g., packed red cells, platelets, fresh-frozen 
plasma), which allows greater use of a limited resource. 
Because of the significant cross-infection risks, transfusion of 
fresh whole blood is not used in a civilian setting nor as a 
primary treatment in the military. Initially, packed red blood 
cells may be given; if more than 4 units are required, fresh-
frozen plasma, which contains clotting factors, must also be 

Fluid Replacement
In a shocked, hypotensive patient, the aim of fluid resuscita-
tion should be to restore critical organ perfusion until hemor-
rhage that is amenable to surgery is stemmed. In an adult 
trauma victim, 2 L of warmed isotonic crystalloid, preferably 
Ringer’s lactate, should be given and the response assessed. 
In children, 20 mL/kg should be infused as the initial bolus.

There are three types of patient response:

• Responder: The vital signs return toward normality. These 
patients have probably lost less than 20% of their circulat-
ing volume and are probably not still actively bleeding.

• Transient responder: The vital signs initially improve but 
then deteriorate. These patients are still actively bleeding 
from either an open wound or, more likely, an occult site. 
They require transfusion with blood, identification of the 
source of continued bleeding, and probably surgery to halt 
it.

• Nonresponders: The vital signs do not improve. This implies 
that the blood loss is continuing at a rate at least equal to 
the rate of fluid replacement.The history, mechanism of 
injury, and physical findings will help identify the problem, 
and a central venous line should be inserted to exclude 
other potential causes such as neurogenic shock, tension 
pneumothorax, or cardiac tamponade. These patients 
need immediate blood transfusion and probably emer-
gency surgery to identify and deal with the source of 
bleeding, which is usually within the thorax, abdomen, or 
pelvis.

Imaging may help to identify the source of occult bleeding, 
ideally with the patient remaining in the relative safety of the 
resuscitation room. Chest and pelvic radiographs may identify 
a hemothorax or a pelvic fracture. An ultrasound study (i.e., 
Focused Assessment with Sonography in Trauma [FAST]) 
may show free intraabdominal fluid and can also be used to 
check for cardiac tamponade in addition to visualizing the 
liver, spleen, and kidneys. Computed tomography (CT) may 
be necessary, but the patient must not be transferred from the 
resuscitation room until the primary survey is complete and 
the patient has been resuscitated and stabilized. If this is not 
possible, then surgery or even transfer to a more comprehen-
sive trauma center may be necessary to enable stabilization 
before the patient is sufficiently well to undergo CT. Specific 
protocols for CT in severely injured trauma victims may help 
determine who needs a CT and when.31

Care must be taken to avoid overresuscitation, particularly 
in the presence of continuing hemorrhage. The aim must be 
only to restore critical organ perfusion until the hemorrhage 
can be controlled. Excess fluid may result in displacement of 
blood clots, counterintuitively leading to more bleeding; this 
compounds the problem and can lead to coagulopathy due to 
loss and dilution of clotting factors as well as being potentially 
harmful in patients who have traumatic brain injury or are at 
risk of developing respiratory distress syndrome. A critical 
balance is required to ensure adequate but not excess resus-
citation, and this requires continuous reassessment, which is 
aided by the placement of a central line.

Crystalloid versus Colloid
ATLS teaches that if a patient needs colloid—that is, an agent 
that replaces intravascular loss and remains intravascular, 
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mouth props placed between upper and lower molar teeth. 
The nasal cavities must then be packed bilaterally, using both 
posterior and anterior packing. Several custom-made, double-
balloon devices are now available; after careful introduction 
into the nasal cavity, they are inflated to tamponade adjacent 
tissues. If these are unavailable, a 14-gauge Foley male urinary 
catheter can be introduced anteriorly into the nose and 
brought out into the oropharynx. The balloons are inflated 
with saline and pulled into the nasophaynx, where they 
impact, and the proximal ends are tied securely at the colu-
mella. Anterior packing can then be instituted with Merocel 
packs or ribbon gauze and bismuth subnitrate and iodoform 
paste (BIPP) against posterior support.

Whatever one places in the nasal cavitiy, great care must 
be exercised to prevent extention of mucosal lacerations or 
inadvertent entry into the cranial cavity via a base-of-skull 
fracture. All devices should be passed in a caudad direction, 
remembering the orientation of the plane of the nasal floor. 
Bleeding from mandibular fractures can be controlled with 
wire ligatures around adjacent teeth and compressive splint 
dressings.36

introduced to prevent development of a coagulopathy. Work 
has also been carried out on the use of recombinant factor 
VIIa, which initiates coagulation in conjunction with tissue 
factor; it has been used in isolated clinical settings with some 
benefit.35

In some circumstances, such as uncontaminated blood 
loss into the chest or abdominal cavity, it may be possible to 
retrieve the patient’s own blood with a cell saver and auto-
transfuse it back. The blood needs to be sterilely collected, 
anticoagulated, and retransfused.

Crossmatched, Type-Specific, and Type  
O Blood
Fully crossmatched blood is preferable, but crossmatching 
takes 1 hour in most blood banks. For patients who stabilize 
rapidly, crossmatched blood should be obtained and made 
available when indicated.

Type-specific blood can be provided by most blood banks 
within 10 minutes. This is compatible with ABO and Rhesus 
(Rh) blood types, but incompatibilities of other antibodies 
may exist. Type-specific blood is preferred for patients who 
are transient responders. If it is required, completion of the 
crossmatching should be performed by the blood bank.

If type-specific blood is unavailable, type O packed cells 
are indicated for patients with life-threatening hemorrhage. 
To avoid sensitization and future complications, Rh-negative 
cells are preferred for women of child-bearing age. For life-
threatening blood loss, the use of unmatched, type-specific 
blood is preferred over type O blood. The exception is when 
multiple unidentified casualties are being treated simultane-
ously and the risk of inadvertent administration of the wrong 
unit of blood to a patient is great.

Maxillofacial Aspects
Despite the rich vascularity of the hard and soft tissues of the 
head and neck, life-threatening hemorrhage rarely originates 
in this region in isolation from sites in the thorax, abdomen, 
pelvis, or long bones. Bleeding from soft tissue lacerations can 
usually be controlled with direct pressure; for example, the 
facial artery can be compressed against the mandible and 
superficial temporal vessels against the skull vault. Extensive 
scalp lacerations, especially in patients at the extremes of age 
and in anticoagulated patients, are one exception. If unrecog-
nized in an immobilized, supine patient, they can cause sig-
nificant blood loss. Early application of full-thickness tension 
sutures to the scalp in the resuscitation room will control the 
majority of bleeding, but definitive exploration and closure 
with vacuum drains and pressure dressings will be required 
at a later stage to prevent hematoma formation (Fig. 3-16).

Bleeding from extensive midfacial fractures is problematic 
for two main reasons. The primary threat is to the airway, and 
this must be rapidly secured before any attempts are made at 
hemorrhage control, which will usually further occlude the 
mouth, nasal passages, and pharynx. In addition, bleeding 
from midface injuries is rarely from a single source; it is 
usually from a combination of lacerations to oronasal mucosa, 
bone edges, and the fragile pterygoid venous plexus behind 
the maxilla.

Because there is extensive collateral supply from the inter-
nal and external carotid systems, attempts to ligate single 
vessels are usually unsuccessful. The maxilla must be disim-
pacted and reduced against the skull base inititially, using two 

FIGURE 3-16  Severe  maxillofacial  trauma.  In  the  resuscitation 
room, the patient has already developed a “football face” and “panda 
eyes.” There is bilateral epistaxis with cerebrospinal fluid rhinorrhea. 
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oxygenation, ventilation, and perfusion. Alcohol and other 
drugs may also alter the patient’s level of consciousness. 
However, if hypoxia and hypovolemia are excluded, changes 
in the level of consciousness should be considered to be of 
traumatic central nervous system origin until proved 
otherwise.

The lucid interval associated with acute extradural hema-
toma is an example in which the patient may talk yet subse-
quently die. Frequent reevaluation minimizes such problems 
by allowing early detection of changes. It may be necessary 
to return to the primary survey to confirm that the patient 
has a secure airway, adequate ventilation and oxygenation, 
and adequate cerebral perfusion. Early consultation with a 
neurosurgeon may be necessary to guide additional manage-
ment efforts.

E: ExPOSURE ANd ENVIRONMENTAL  
CONTROL

The patient should be completely undressed, usually by 
cutting off all garments with large, sharp scissors, to facilitate 
examination and assessment. Thorough examination must 
involve a formal, controlled logroll to assess the posterior 
surfaces of the head, neck, torso, and limbs. After the assess-
ment is completed, it is important to cover the patient with 
warm blankets or an external warming device to prevent 
hypothermia in the emergency department. Intravenous 
fluids should be warmed before infusion, and a warm resus-
citation room temperature should be maintained.

AdjUNCTS TO THE PRIMARY SURVEY ANd 
RESUSCITATION

Regular assessment of pulse and respiratory rates; systolic, 
mean, and diastolic blood pressures; pulse oximetry; and core 
temperature are standard during the primary survey and are 
continued after the patient has left the resuscitation room. 
Trends are often more valuable than isolated readings. Pulse 
oximetry measures the percentage saturation of hemoglobin 
only; it can be affected by probe position and peripheral tem-
perature. Partial pressures of oxygen and carbon dioxide to 
assess oxygenation and ventilation require arterial blood gas 
analysis. Capnography monitors the presence of carbon 
dioxide in exhaled gas and is vital for confirming initial and 
continuous correct endotracheal tube placement.

ECG monitoring of trauma patients is mandatory. If chest 
trauma is present, blunt cardiac injury may manifest in a 
variety of electrical rate, rhythm, and conduction abnormali-
ties. These may include tachycardia in a normovolemic 
patient, atrial fibrillation, ventricular ectopic waveforms, and 
ischemic changes in the ST segment. PEA arrest may be the 
end point in cardiac tamponade, tension pneumothorax, or 
class IV hemorrhage. Myocardial hypoperfusion, hypoxia, 
and hypothermia may all produce both tachydysrhythmias 
and bradydysrhythmias and signs of aberrant conduction.

Placement of a urinary catheter and subsequent recording 
of urine output is a sensitive indicator of volume status and 
response to fluid resuscitation. The kidneys receive one fifth 
of the cardiac output, and urine output directly reflects renal 
perfusion. Transurethral bladder catheterization is poten-
tially hazardous, and any patient with pelvic, abdominal, or 
lower limb injury should alert suspicion. Injury to the urethra 

d: dISABILITY

A rapid evaluation is performed at the end of the primary 
survey, and this establishes the patient’s level of 
consciousness.

The range of patient response can be remembered by a 
simple mnemonic, AVPU:

A: Alert
V: responds to Vocal stimuli
P: responds to Painful stimuli
U: Unresponsive to all stimuli

A more detailed neurological examination can be per-
formed at this time. This includes recording a GCS score, 
pupillary size and reaction, lateralizing signs, and level of 
spinal cord injury (Table 3-2). The GCS is an objective, repro-
ducible measure of brain injury severity based on the best 
reponses of eye opening, motor function, and voice to the 
examiner. It can be predictive of patient outcome, particularly 
with regard to best motor response. Should lateralizing neu-
ropathy be present, the response of the better-scoring side 
should be recorded. If the GCS score is not determined in the 
primary survey, it should be performed in the secondary 
survey. It is generally accepted that a GCS score of 8 or less 
indicates coma or severe brain injury mandating elective 
intubation.

A decrease in level of consciousness may indicate decreased 
cerebral oxygenation or perfusion or both, or it may be caused 
by direct cerebral injury. An altered level of consciousness 
indicates an immediate need for reevaluation of the patient’s 

TABLE 3-2 Glasgow Coma Scale (GCS)*

Assessment Area Score

Eye Opening (E)
Spontaneous 4
To speech 3
To pain 2
None 1

Best Motor Response (M)
Obeys commands 6
Localizes pain 5
Normal flexion (withdrawal) 4
Abnormal flexion (decorticate) 3
Extension (decerebrate) 2
None (flaccid) 1

Verbal Response (V)
Oriented 5
Confused conversation 4
Inappropriate words 3
Incomprehensible sounds 2
None 1

*GCS score = E + M + V. The best possible score is 15, and the worst possible score is 3.
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vomiting. Nasogastric passage should be avoided if there is a 
risk of anterior cranial fossa floor fracture; in such cases, the 
oral route is preferable. Once chest radiography has  
confirmed correct placement, the position of the tube must 
be secured and it must be attached to appropriate suction. 
Aspirated blood may indicate injury to the upper aerodiges-
tive tract from the original trauma or from iatrogenic injury, 
or it may simply reflect swallowed blood from the 
nasopharynx.

Anteroposterior (AP) chest and pelvic radiographs can be 
performed in the resuscitation room and may aid the diag-
nosis of potentially life-threatening injuries, thus guiding 
resuscitation techniques. They should not delay resuscitation 
based on clinical information. A cervical spine series, once 
part of the standard primary survey radiographic triad, is 
now delayed until stabilization and secondary survey. Spinal 
trauma is presumed during the primary survey, and the 
patient remains in triple immobilization during this phase.

Contemporary use of fast spiral CT scanning to diagnose 
occult sources of abdominal, pelvic, and thoracic hemor-
rhage; spinal injury; and intracranial trauma is now routinely 
practiced. Its timing is critical, and the decision whether to 
move an unstable or potentially unstable patient to the CT 
scanner rather than directly to the operating room or to a 
distant center for definitive care is a key part of the ATLS 
doctrine. In an unstable, hypotensive patient, FAST ultra-
sound scanning in the resuscitation room to look for free 
fluid at common sites of intraabdominal collection and within 
the pericardial sac has its role but is dependent on the skill of 
the operator. Essential radiographic imaging using ionizing 
radiation should not be contraindicated in pregnancy.

During or on completion of the primary survey, it may be 
apparent that definitive treatment of the patient’s injuries 
cannot be undertaken at the primary admitting facility. This 
is particularly relevant with regard to head, thoracic, or spinal 
trauma or significant burns. Early identification of the need 
to transfer, together with careful planning and communica-
tion with the receiving unit, are essential to minimize further 
injury. Once the decision is made, further nonessential inves-
tigations or interventions should not delay transfer.37

SECONdARY SURVEY

The secondary survey is a complete and comprehensive head-
to-toe evaluation of the trauma patient that includes confir-
mation of the history and circumstances leading to the injury, 
a physical examination of the patient, and reassessment of all 
vital signs. It aims to identify and fully appreciate all other 
injuries that the polytraumatized patient may have suffered 
that might otherwise go unnoticed, particularly in the pres-
ence of a reduced GCS score. The secondary survey begins 
only after the primary survey has been completed, resuscita-
tion is underway, and normalization of vital functions has 
been demonstrated.4

HISTORY

Many injuries and their prognosis can be predicted from a 
thorough history of premorbid events, the mechanism and 
energy involved in the injury itself, and its immediate 
sequelae. If the patient is moribund and has a reduced GCS 

should be presumed in the presence of any of the following 
signs after thorough pelvic, rectal, and genital examination:

• Blood at the urethral meatus
• Perineal ecchymosis
• Scrotal hematoma (Fig. 3-17)
• High-riding or impalpable prostate on per rectal (PR) 

examination
• Pelvic fracture

If urogenital injury is suspected, a retrograde urethrogram 
to assess urethral integrity should be performed together with 
formal urological review before catheterization.

Gastric stasis is inevitable after trauma, and gastric con-
tents together with air potentially introduced by airway 
maneuvers are a cause of vomiting and aspiration. Orogastric 
and nasogastric tubes can decompress the stomach and 
reduce (but not completely prevent) this risk. Solid or semi-
solid gastric contents will not be aspirated via standard wide-
bore tubes. Introduction of tubes can also be hazardous, 
leading to mucosal trauma and perforation or actually causing 

FIGURE 3-17  Scrotal hematoma may indicate urethral injury, and 
transurethral  urinary  catheterization  is  contraindicated  until  urethral 
trauma  has  been  excluded.  Suprapubic  cathetherization  should  be 
performed instead. 
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Injury due to cold, particularly immersion in cold water, 
carries its own unique problems. Removal of wet clothing and 
active rewarming are essential.

PHYSICAL ExAMINATION

Scalp

Examine the entire scalp for lacerations, contusions, hemato-
mas, and bone surface irregularities that may indicate under-
lying skull fracture. If spinal injury has not been excluded and 
the patient remains immobilized, the posterior scalp should 
be examined during logrolling.

Fractures may be seen in the base of lacerations, but 
wounds should not be probed blindly, because this may result 
in further damage to the underlying structures. Judicious 
exploration of small lacerations using local anesthetic and 
antiseptic skin preparation should be undertaken, if possible, 
to remove foreign bodies and cleanse the wound.

If the wound is uncomplicated, definitive primary closure 
can be achieved at this stage. More extensive injuries should 
be managed in the operating room as previously described. 
If an underlying skull fracture is found, the laceration should 
still be cleaned and closed, converting an open to a closed 
injury; then a CT scan of the head and a neurological reevalu-
ation are performed as soon as possible.

Eyes
The examination of the eyes and visual pathways in a trau-
matized patient in the resuscitation room can be extremely 
challenging. Although pupillary response is routinely assessed 
at the Disability (D) stage of the primary survey, this assess-
ment is largely directed to evaluation for brain shift and sub-
sequent lateralizing signs. With other, more pressing A, B, 
and C problems taking priority, management of potentially 
vision-threatening eye injuries may be deferred or even over-
looked. Patients who have a reduced level of consciousness 
may not be able to tell the examiner whether their vision has 
become impaired. If, as is often the case, an eye injury is 
associated with surrounding craniofacial injury, swelling of 
the periorbital soft tissues often develops rapidly, particularly 
if the patient is supine and is wearing a well-fitting hard collar 
that impedes venous return. Ocular assessment in the patient 
with a potentially reduced GCS score and other injuries must 
therefore focus on the rapid identification and treatment of 
vision-threatening injuries in concert with the overall 
management.

If the patient is conscious or relatives are present, a history 
of any preexisting eye problems can be obtained. Establishing 
whether the patient wears correcting lenses, has any history 
of glaucoma or ophthalmic surgery, or uses prescription eye 
drops is extremely useful. Again, details of the events and 
environment surrounding the injury may suggest blunt or 
penetrating trauma or exposure of the eyes to chemical or 
thermal burning agents. Inquiry should be made as to initial 
symptoms and whether these have changed, particularly with 
respect to visual acuity. Loss of sight after facial trauma may 
result from one or a combination of the following causes14:

1. Direct injury to the globe (blunt or penetrating injury)
2. Direct injury to the optic nerve (due to crush or transec-

tion via bony injury at the orbital apex)

score, this information must be obtained from prehospital 
personnel, family members, or witnesses at the scene.

The AMPLE history is a useful mnemonic:

A: Allergies
M: Medications currently used
P: Past illnesses and Pregnancy
L: Last meal
E: Events and Environment related to the injury

Blunt trauma results from RTAs, falls, sporting and 
occupation-related injuries. In relation to RTAs, important 
factors in the history include seat belt use, air-bag deploy-
ment, steering wheel deformation, direction of impact, 
damage to the vehicle in terms of major deformation or intru-
sion into the passenger compartment (Fig. 3-18), and ejection 
of the occupants from the vehicle.

Penetrating trauma includes injuries from firearms, stab-
bings, and impalement on objects. Its incidence is increasing. 
The type and extent of injury and its subsequent management 
depend on the region of the body injured, the organs in prox-
imity to the path of the penetrating object, and the velocity 
of the missile. With firearm injuries, knowledge of the veloc-
ity, the caliber, the presumed path of the bullet, and the dis-
tance from the weapon to the wound provides important 
clues to the extent of the injury.

Burn injuries are especially significant and may occur in 
isolation or in concert with blunt or penetrating injury as the 
victim attempts to escape the burning source. Occult airway 
compromise and carbon monoxide poisoning often further 
complicate patient management. Burning agents (solvents, 
plastics, and other chemicals) may still be in contact with the 
patient in the resuscitation room and may be an active and 
continuous hazard to both the victim and the emergency 
department team. Other hazardous toxins, chemicals, and 
radiation may produce characteristic injury patterns and 
require immediate advice from a regional Poison Control 
Center.

FIGURE 3-18  Modern automobiles  have an  engine-compartment 
crumple zone  that absorbs  the  force of  the  impact.  Intrusion  into  the 
passenger  compartment  indicates more  severe  trauma.  (From Chap-
leau W, Pons P: Emergency  medical  technician, St. Louis, 2007, 
Mosby.)
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is present may be made far more comfortable by the use of 
local anesthetic drops.

If the margins of a conjunctival hemorrhage are all readily 
seen, direct injury to the surface of the eye is suggested; a 
subconjunctival bleed that has no visible posterior limit indi-
cates a fracture of one of the four orbital walls (Fig. 3-19). 
Examination of the anterior chamber for bleeding (hyphema) 
and depth anomalies, of the iris for tears, and of the lens for 
transparency and dislocation follows. Lastly, fundoscopy 
through a transparent vitreous assesses for hemorrhage, tears, 
or detachment of the retina. Blood in the posterior chamber 
may prevent this examination and demonstrate a black rather 
than a red reflex with the ophthalmoscope. An ophthalmol-
ogy opinion must be sought in difficult cases.

Maxillofacial Structures
Most isolated maxillofacial injuries occur in conscious, 
hemodynamically stable patients who can protect their own 
airways. In the multiply injured patient whose maxillofacial 
injuries do not affect the primary survey, definitive manage-
ment of these injuries can usually be deferred. However, it is 
vital for the secondary survey to identify the possibility of 
such injuries and prompt formal referral to the local or 
regional maxillofacial service for correct imaging, other 
adjunctive tests, and possible surgical intervention. Missed 
injuries can result in facial deformities and functional impair-
ments that are generally much more difficult to manage late, 
leading to poor results and litigation. A description of the 
maxillofacial examination follows.

Examine the nose for deformity, pain, mobility, and diffi-
culty in breathing, which suggest bony or cartilaginous frac-
tures. A septal hematoma may cause nasal obstruction, which 
appears as swellings on both sides of the septum. If it is left 
untreated, there is a risk of cartilage necrosis and nasal col-
lapse; therefore, the blood clot should be immediately 

3. Indirect injury to the optic nerve (from deceleration or 
shearing force)

4. Critical reduction in tissue perfusion, either generalized 
or local (systemic hypotension or orbital compartment 
syndrome)

Examination should proceed systematically, from without 
to within. The lids should be checked for ptosis, edema, lac-
eration, burn, canalicular injury, and the integrity of the 
medial and lateral canthal ligament attachments. If the lids 
are grossly swollen, then an assistant is needed to part them, 
facilitating further examination. Visual acuity is tested by any 
means possible. The immobilized supine patient may be able 
to read a distance-modified, handheld Snellen chart or may 
simply be asked to read printed words. Failing this, record of 
the patient’s ability to count fingers, see hand movement, or 
perceive light is made.

Globe position and external appearance are then noted. 
Subtle changes in globe position caused by orbital injury may 
be masked at this stage by soft tissue swelling. Posttraumatic 
proptosis is caused either by a reduction in orbital volume 
due to so-called blow-in fracture or by an increase in the 
volume of soft tissue behind the globe due to edema, air, 
blood, or anterior cranial fossa contents. Proptosis has been 
reported to be present in up to 3% of closed-head injuries.38 
Subsequent increases in retrobulbar pressure, termed orbital 
compartment syndrome, can result in rapid loss of vision due 
to ischemia of the optic nerve at the orbital apex.39 Clinical 
signs include “A and 5 Ps”:

• decreasing visual Acuity
• Pain
• ophthalmoplegia (Paralysis)
• tense Proptosis (the affected globe feels firmer compared 

with the normal side)
• development of a relative afferent Pupillary defect
• swollen or Pale optic disc at fundoscopy

In a conscious patient in whom the first three of these 
signs can be assessed, the threat of increasing retrobulbar 
pressure is more readily identified. With agitated or uncon-
scious patients who have a proptosed eye, one must rely on 
clinical acumen and a high degree of suspicion. CT of the 
orbits may help to identify pathology behind the globe and 
can be requested at the same time as a head scan.

In the presence of clinical signs and if vision is threatened, 
it may be necessary to decompress the orbit via a lateral  
canthotomy and cantholysis.40 Medical management with 
the use of high-dose steroids (antiinflammatory), mannitol 
(an osmotic diuretic), and acetazolamide (carbonic anhy-
drase inhibitor reducing formation of vitreous) may buy time 
but can exacerbate hypotension and metabolic acidosis. 
Orbital compartment syndrome may manifest only after 
initial fluid resuscitation as the mean arterial pressure 
increases. Once again, the need for regular reassessment is 
critical.

The systematic ophthalmologic examination continues 
with assessment of shape, equality, and light reaction of the 
pupils. The cornea may appear opaque and may harbor 
foreign bodies. Abrasions are extremely painful and may be 
diagnosed with the use of fluoresceine drops and blue light. 
Successful examination of a painful eye when such an injury 

FIGURE 3-19  Subconjunctival hemorrhage may strongly suggest a 
fractured zygoma. If it is severe, the conjunctiva may herniate through 
the closed eyelids. 
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via defects in the maxillary sinus walls into adjacent struc-
tures. The presence of subconjunctival blood is highly indica-
tive of injury to the bony orbit. Document ophthalmoplegia 
and diplopia, which may be caused by soft tissue entrapment 
within a fracture or by bruising of the extraocular muscles 
only. Always consider the possibility of retrobulbar bleeding 
with the additional signs described previously. There may be 
numbness or altered sensation in the ophthalmic or maxillary 
divisions of the trigeminal nerve due to direct blunt trauma 
or fractures involving the roof and floor of the orbit, respec-
tively. Mouth opening may be limited due to the entrapment 
of the coronoid process of the mandible and attached tempo-
ralis muscle beneath a medially displaced zygomatic arch 
fracture. Pure blowout fractures may have few signs, but in 
children their presence may be indicated by vagal symptoms 
of nausea, vomiting, and syncope on testing for 
ophthalmoplegia.

Lastly, examination of the mouth is performed. Any 
obvious bruising from bony injuries in the buccal vestibule 
(zygoma), the palate (maxilla), and the floor of the mouth 
(anterior mandible) is noted. Test for sensation in the man-
dibular division of the trigeminal nerve (mental and lingual 
nerves); abnormality may suggest mandibular fracture. 
Inspect intraorally for lacerations, bleeding, loose teeth, 
broken teeth and dentures, mobile bone segments, abnormal 
alignment of the jaw, step defects, and derangement of the 
occlusion. If possible, ask the patient to bite together on the 
back teeth and assess the range of mandibular movement. If 
recently missing teeth are not accounted for, a chest radio-
graph is mandatory.

Gripping the anterior maxillary teeth with one hand (with 
the thumb in front and the index finger on the palatal side) 
while applying the other hand across the forehead, followed 
by simple manipulation, will confirm whether the nose or 
cheekbones move, indicating a maxillary fracture at the Le 
Fort I, II, or III level. Any combination of Le Fort fractures 
can be present on one or both sides. Gagging of the occlusion 
often occurs, and gross displacement of the maxillary and 
mandibular midlines may be apparent. Percussion of the 
maxillary teeth may produce the “cracked cup” sound.

Imaging of the facial skeleton with plain radiographs or 
CT scanning is usually more helpful when the patient is con-
scious, sober, and compliant. Intraoral radiographs are useful 
if there are dental injuries. If the occlusion is deranged due 
to mandibular or mid third injury, impressions for study 
models to aid planning and the provision of arch bars are very 
useful.

Neck and Cervical Spine
Patients with maxillofacial or head trauma should be pre-
sumed to have an unstable cervical spine injury, and the neck 
should be immobilized until such an injury has been excluded. 
The absence of neurological deficit does not exclude injury to 
the cervical spine. Extreme care needs to be exercised when 
removing motorbike helmets; two operators are needed, one 
of whom ensures manual in-line cervical stabilization while 
the other removes the helmet.

Cervical spine tenderness, subcutaneous emphysema, and 
laryngeal fracture should be investigated. Suspicion of an 
injury to the upper cervical spine may be aroused by a retro-
pharyngeal hematoma seen through the open mouth or by 
deviation of the trachea. The course of the carotid artery in 

evacuated. Epistaxis and, in particular, CSF rhinorrhea may 
suggest an anterior cranial fossa fracture at the cranial base. 
If the patient is lying supine on a gurney, CSF may be trickling 
posteriorly into the nasopharynx rather than onto the face. 
Measure the intercanthal distance: If it is greater than 35 mm 
a nasoethmoid fracture should be suspected (Fig. 3-20).

Examine the ears for hemotympanum and CSF otorrhea. 
Bleeding from the external auditory canal soft tissue wall may 
be secondary to mandibular condylar fracture with or without 
glenoid fossa injury. Injuries to the pinna may involve both 
skin and cartilage and require accurate repair. It is important 
to recognize and drain subchondral hematomas to prevent 
the “cauliflower” deformity.

In the presence of any facial laceration or incised wound, 
knowledge of the surface anatomy of the facial nerve, parotid 
duct and capsule, and lacrimal apparatus is essential. Any 
laceration deep enough to involve the mimetic muscles in the 
territory of these structures should be assessed by a specialist 
and explored carefully with the use of local or general anes-
thesia, under good lighting, and with bipolar diathermy avail-
able. Facial nerve function must be assessed and documented 
before either form of anesthetic is administered.

Orbitozygomatic complex fractures may be difficult to for-
mally assess at this stage because of soft tissue edema. Look 
for obvious asymmetry and facial flattening, and palpate for 
bony deformity if pain and edema allow. Periorbital emphy-
sema may be seen after blowing of the nose when air escapes 

FIGURE 3-20  Cerebrospinal fluid (CSF) rhinorrhea. Blood clots at 
the sides, but  the CSF in the middle does not clot. This produces the 
“rail-track” appearance. 
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Reauscultation of the chest wall may pick up pathology 
not present at the time of the primary survey. Breath sounds 
are auscultated high on the anterior chest wall for pneumo-
thorax and over the posterior bases for hemothorax. Muffled 
heart sounds and narrow pulse pressure may suggest cardiac 
tamponade. Decreased breath sounds, hyperresonance to 
percussion, and shock may be the only findings in tension 
pneumothorax.

The chest radiograph, which may have been done as part 
of the primary survey, confirms the presence of hemothorax 
or simple pneumothorax. Rib fractures may also be seen. A 
widened mediastinum or deviation of the gastric tube to the 
right may suggest an aortic rupture.

Abdomen
A specific diagnosis is not as important as recognizing that 
an injury exists and that surgical intervention may be neces-
sary. Close observation and frequent reevaluation are impor-
tant, preferably by the same observer. An intraabdominal 
bleed should be suspected if there are fractures of the ribs that 
overlie the liver and the spleen (i.e., ribs 5 through 11), if the 
patient is hemodynamically unstable, or if there are marks 
caused by seat belts or tires over the abdomen (Fig. 3-21). 
Fractures of the pelvis or the lower rib cage that cause guard-
ing also may hinder accurate diagnostic examination of the 
abdomen.

Patients with unexplained hypotension, neurological 
injury, impaired sensorium secondary to consumption of 
alcohol or other drugs, or equivocal abdominal findings 
should be considered for diagnostic peritoneal lavage (DPL), 
FAST scan, or, if hemodynamically stable, abdominal CT. 
Ideally, DPL should be done by the surgeon who will be 
responsible for any subsequent laparotomy. There is no indi-
cation for DPL if laparotomy is already deemed necessary. 
Injury to the retroperitoneal organs (e.g., pancreas) may be 
difficult to identify even by CT.

Perineum, Rectum, and Vagina
Examine the perineum, rectum, and vagina for contusions, 
hematomas, lacerations, and urethral bleeding. A rectal 
examination should always be carried out before a urinary 
catheter is placed. Assess for the presence of blood within the 
rectum, a high-riding prostate, the presence of pelvic 

the neck should be palpated for irregularity and auscultated 
for bruits, which may signify blunt injury. CT angiography or 
duplex ultrasound scanning may be required to exclude vas-
cular occlusion or dissection. Vascular injury secondary to 
blunt trauma or traction injury from seat belts is rare and may 
initially be silent.

The majority of vascular trauma in the neck is associated 
with penetrating wounds and may involve injuries to nerves, 
trachea, pharynx, and thyroid gland. Wounds extending 
through the platysma should not be explored manually or 
probed in the emergency department by personnel not 
trained to deal with such injuries. A surgeon should evaluate 
these injuries either operatively or with specialized diagnostic 
procedures. Active arterial bleeding, expanding hematoma, 
arterial bruit, and airway compromise usually require surgi-
cal operative evaluation.

Cervical spine radiography is indicated in any trauma 
patient who describes neck pain, exhibits midline tenderness 
on palpation, or demonstrates any neurological signs refer-
able to the cervical spine. Patients who demonstrate any 
reduction in GCS score or are intoxicated, have a distracting 
injury elsewhere, or are too young to describe their symptoms 
should also be imaged. Lateral and AP views showing all 
seven cervical vertebrae and the first thoracic vertebra (C1- 
C7/T1 junction), together with an open-mouth odontoid peg 
view are performed as part of the secondary survey. If these 
images are adequate, are of good quality, and are properly 
interpreted by an experienced doctor, unstable cervical spine 
injuries can be detected with a sensitivity of greater than 97%. 
Adequacy is frequently problematic, particularly at the  
C7/T1 junction, often becase of the patient’s habitus. Traction 
on the shoulders or a swimmer’s view may help to visualize 
this area.

Among patients in whom a fracture of the cervical spine 
is identified, approximately 10% have a second, noncontigu-
ous fracture of the vertebral column. Increasingly, rapid spiral 
CT scanning of trauma patients, imaging the head, thorax, 
abdomen, and pelvis together with the whole spinal column, 
is replacing the traditional cervical spine series. It still may 
not exclude soft tissue injuries around the vertebrae or lesions 
within the cord itself, and MRI is routinely used.

It must be remembered that the purpose of the secondary 
survey is to identify and exclude all injuries, and in the case 
of spinal cord trauma, the potential consequences of missing 
an injury are huge. If there is any doubt surrounding the 
clearance of the spine, specialist orthopedic or neurosurgical 
opinion should be sought while the patient is kept 
immobilized.

Chest
The priority in the chest examination is to identify potentially 
life-threatening conditions. Pain, dyspnea, and hypoxia may 
suggest significant chest injury. Anterior and posterior 
inspection of the chest identifies open pneumothorax and 
large flail segments with their characteristic abnormality of 
chest wall movement. Contusions and hematomas suggest 
the possibility of occult pulmonary or cardiac injury. Dis-
tended neck veins may suggest cardiac tamponade or tension 
pneumothorax, although associated hypovolemia can mini-
mize this finding. Palpation of the entire chest wall, including 
the clavicles, ribs, and sternum identifies bony deformity and 
localizes pain.

FIGURE 3-21  Bruising  caused  by  a  seat  belt.  Bruising  over  the 
shoulder may overlie a fractured clavicle and that over the abdomen 
may warn of intraabdominal trauma. 



56 C HA P T E R 3 Immediate Care in the Emergency Room

paraplegic and tetraplegic patients may not be observed if 
there is sacral sparing. In patients with central cord syn-
dromes, the zone of injury lies centrally and encroaches  
on the cervical segments of the long tracts, producing a 
flaccid weakness in the arms. Anterior contusions are associ-
ated with weakness and impaired pain and temperature sen-
sation. Posterior injury results in loss of vibration sense and 
proprioception. In the Brown-Sequard syndrome, trauma is 
confined to one side of the cord, producing ipsilateral weak-
ness and impaired contralateral pain and temperature 
sensation.

In the unconscious patient, there are no truly pathogno-
monic features of spinal cord injury, but important signs are 
flaccid paralysis, diaphragmatic breathing, priapism, and 
upward movement of the umbilicus on tensing of the 
abdomen. If the cord has been transected above the level of 
the sympathetic outflow, neurogenic shock results and hypo-
tension without a corresponding tachycardia is observed.

Thoracic and lumbar spinal fractures and neurological 
injuries must be considered based on physical findings and 
mechanism of injury. If a spinal injury is suspected, the 
patient should be moved only by a well-coordinated logroll-
ing technique. The back should be examined from the occiput 
to the heels. After palpation of the spinous processes and the 
paraspinal muscles, a rectal examination should be carried 
out to assess anal sphincter tone and the position of the pros-
tate gland. The patient can then be logrolled back to the 
supine position.

Good-quality radiographs are essential for diagnosing 
spinal injuries. AP and lateral radiographs are the standard 
views of the thoracolumbar spine. Unlike a cervical hema-
toma, a paravertebral hematoma in this area is best seen in 
an AP view and may appear as mediastinal widening that may 
resemble aortic dissection. Subluxations, burst fractures, or 
potentially unstable injury affecting the posterior vertebral 
ligaments or bone may be seen on the lateral radiograph. 
Instability requires disruption of at least two of the three 
columns of the spine. The upper thoracic spine is usually dif-
ficult to assess; as with the neck, CT evaluation is now 
commonplace.

In some patients, decubitus ulcers develop quickly over the 
sacrum, heels, and other pressure areas after immobilization 
on a rigid spine board or in a cervical collar. Efforts to exclude 
the possibility of spinal injury and then remove these devices 
should be initiated as soon as practical. Removal can usually 
be achieved at the end of the secondary survey, when debris 
can also be removed from the back. If further radiographs 
have to be taken, the board provides a useful means of trans-
fer to the radiology department. Patients should not be trans-
ferred to a tertiary center on a spinal board.

AdjUNCTS TO THE SECONdARY SURVEY

Pain control and alleviation of anxiety also form important 
parts of trauma care. Effective analgesia often warrants intra-
venous opioid therapy under close observation to prevent 
reduced levels of consciousness and respiratory depression. 
Regional anesthesia techniques such as femoral nerve block-
ade for femoral fracture are useful for patients awaiting access 
to the operating room, but the neurovascular status of the 
limb must be documented first. Pain persisting in a limb after 
what is considered a reasonable analgesic dose should always 

fractures, the integrity of the rectal wall, and the quality of 
the sphincter tone.

A vaginal examination is an essential part of the assess-
ment in female patients. Look for the presence of blood in 
the vaginal vault and for vaginal lacerations. In addition, a 
pregnancy test should be performed on all women of child-
bearing age.

Musculoskeletal Assessment
Each limb must be inspected for bruising, wounds, and defor-
mities. Vascular and neurological deficits are recorded by 
examination of the peripheral pulses and of motor and 
sensory impairments, respectively. These measurements, 
together with an assessment of the viability of the skin overly-
ing fractures or dislocations, must be made before and after 
the deformity is reduced. The examiner must palpate all the 
bones in the limbs. Swabs should be taken for microbiological 
analysis from sites of open fractures. The wounds should then 
be covered with sterile dressings. Splinting of broken limbs is 
important because it reduces further damage to the soft 
tissues, pain, and, possibly, the production of fat emboli. A 
photograph or digital image taken before an open fracture is 
covered precludes the need for repeated inspection and 
reduces the risk of infection.

Pelvic fractures are suggested by:

• ecchymosis over the iliac wings, pubis, labia, or scrotum.
• pain on palpation of the pelvic ring in the alert patient.
• mobility of the pelvis in response to gentle anteroposterior. 

pressure in the unconscious patient. (This should be per-
formed only once and preferably by the orthopedic surgeon 
taking responsibility for the injury.)

Significant limb injuries can exist without evident frac-
tures on examination or on radiographs. In particular, liga-
ment ruptures produce joint instability, and muscle-tendon 
injuries interfere with active motion of the affected structures. 
Impaired sensation or loss of voluntary muscle contraction 
strength may be caused by nerve injury or ischemia, includ-
ing that due to compartment syndrome.

Spinal Cord Assessment
A detailed neurological examination, which includes testing 
for cranial nerves, sensation to fine touch and pinprick, pro-
prioception, power, tone, coordination, and reflexes, is carried 
out at this stage to identify abnormalities in the peripheral 
nervous system. The patient should have a urinary catheter 
in place, because spinal injury may result in retention of 
urine. Immobilization of the patient with a long spinal board 
and a semirigid collar must be maintained until spinal injury 
is excluded. The common mistake of immobilizing the head 
and freeing the torso allows the cervical spine to flex with the 
body as a fulcrum. Any evidence of sensory or motor loss 
suggests major injury to the spinal column or peripheral 
nervous system and should never be disregarded, no matter 
how unimportant it may seem at the time.

The patient may complain of electrical shock–like pain 
radiating down the spine or into the limbs; this is caused by 
nerve root compression. In patients with partial cord lesions, 
some neurological function may be spared distal to the level 
of the injury (e.g., the sacral segments), and this may suggest 
a vascular lesion. The acute urinary retention seen in 
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suggest compartment syndrome and need for urgent 
reassessment.

All adjuncts and further investigations of the secondary 
survey that require transportation of the patient to other 
areas of the hospital should be sanctioned only after the 
patient has been fully examined and deemed hemodynami-
cally stable. It cannot be reiterated enough that ongoing mon-
itoring and reassessment of trauma patients is critical, because 
a number of signs and symptoms related to injury may declare 
themselves only many hours or even days after the precipitat-
ing event.

RECORdS ANd LEgAL CONSIdERATION

It is important to keep meticulous contemporaneous notes, 
including time notations. This is especially important in the 
trauma setting, because legal proceedings are frequently 
undertaken and multiple doctors can be caring for a patient 
over a short period of time. Photographs of injuries are ideal; 
alternatively, clear and accurate drawings, particularly in 
regard to facial injuries, must be made.

CONSENT FOR TREATMENT

In simple terms, consent is sought before treatment if possi-
ble. If this not possible, as in patients with life-threatening 
injuries or a reduced level of consciosness, treatment should 
be given first and formal consent obtained later.

FORENSIC EVIdENCE

Sometimes injury is thought to be a result of criminal activity. 
In such circumstances, it is important to preserve all of the 
evidence. Clothing and bullets should be saved for the police. 
In addition, laboratory determination of blood concentra-
tions of alcohol and other drugs may be relevant.

CONCLUSION

Initial management of trauma patients requires a team 
approach in which each member is allocated a specific task, 
the overall aim being to identify and treat life-threatening 
conditions collectively. The ABC approach provides the 
doctor with one acceptable method for safe immediate man-
agement in which life-threatening injuries are identified and 
treated in the order in which they would otherwise kill the 
patient. Once the patient has been stabilized, a full assessment 
is carried out, during which an AMPLE history is taken and 
the patient is examined from top to toe, front to back, and 
side to side. Throughout this process, the emphasis is on 
continuous assessment and reevaluation, so that the response 
to any therapy can be monitored. If there is any deterioration, 
the primary survey is repeated.
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4
Management of Head Injury

C HA P T E R 

John E. Crossman, Justin Nissen, Alistair Jenkins

Head injury is a major cause of preventable death 
and disability in the Western world among adults 
younger than 45 years of age1 and carries a large cost 

in terms of manpower, resources and human suffering. The 
aims of those involved in the management of head injuries 
must be:

• to prevent or reduce the number of head injuries.
• to provide optimal care for those who suffer a head injury, 

and prevent secondary brain injury from further com-
pounding primary brain injury.

• to produce an optimal environment in which rehabilita-
tion from head injury can occur.

This chapter discusses the causes and mechanisms of head 
injury, the associated pathophysiology, the grading of the 
severity of injury, and the management of minor, moderate, 
and severe head injuries.

EPIdEMIOLOgY OF HEAd INjURY

About 200 of every 100,000 individuals in the Western world 
suffer a head injury each year. These range from a minor 
knock on the head without loss of consciousness or lasting 
neurological sequelae to a extremely severe head injury that 
leads directly to death. Collection of accurate data about the 
cause and seriousness of head injuries is difficult in the United 
Kingdom for several reasons1:

• Many head injuries are minor and are unreported to 
medical attendants.

• Many head injuries are part of a spectrum of serious inju-
ries sustained during polytrauma and are classified as 
such.

A number of different classifications of head injury exist,  
and are not directly comparable, leading to difficulties with 
aggregation or comparison of data.

Most epidemiological studies have therefore had to  
rely on a classification based on eventual management of  
the patient, which within the United Kingdom is usually split 
into:

• seen in the emergency department but not admitted
• admitted for observation
• transferred to a regional neurosurgical unit
• operated on in a neurosurgical unit

Clearly, this categorization does not include those patients 
with very severe injuries who die before reaching the hospital 
nor those with apparently insignificant head injuries who do 
not seek medical attention. Additional confounding factors 
include differences in the management of head injuries 
among different neurosurgical units: Some units transfer 
most or all patients with serious head injuries, whereas others 
elect to manage at a distance those for whom neurosurgical 
intervention is not indicated.2,3

Most head injuries result from falls, vehicular accidents, 
pedestrian road accidents, or assaults. Cause of accident 
varies among different age groups. Young children and the 
elderly are most commonly injured by falls, whereas young 
men are more commonly victims of assault. Sports and other 
leisure activities are also an increasingly important cause of 
head injury.

Two peaks are observed in the incidence of death after 
head injury: in patients between 10 and 30 years of age and 
in those older than 70 years of age. Hospital admission rates 
follow a similar pattern. Men have a higher incidence of mor-
tality and hospital admission after head injury than women 
do, and more patients with head injuries related to assault are 
admitted on weekends. Outcome following head injury has 
been demonstrated to be poorer in the elderly, deprived and 
in various racial/ethnic population groups.

Alcohol is undoubtedly an important factor in head injury 
in Western societies. In studies in which the influence of 
alcohol was assessed, high blood alcohol levels were associ-
ated with assault and road traffic accidents.

As a consequence of research on the causes of head injury, 
many Western countries have introduced legislation to 
enforce the wearing of seat belts and motorcycle crash helmets 
and to reduce vehicle speed limits, as well as controls on 
alcohol consumption by drivers. These preventive measures 
have contributed to a downward trend in the number of 
severe head injuries. However, in the developing world, an 
increasing number of head injuries are occurring as road 
traffic increases.
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TABLE 4-1 Glasgow Coma Score: Motor 
Component

Action Description Score

Obeys command Obeys spoken command 6

Localizes pain applied in area of 
sensation supplied by cranial nerves

Brings arm (or arms) up to 
stimulus

5

Withdrawal Purposeful withdrawal from 
nailbed painful stimulus

4

Flexion Flexion of the elbow on 
nailbed painful stimulus

3

Extension Extension of the elbow on 
nailbed painful stimulus

2

None No motor response to 
adequate painful stimulus

1

TABLE 4-2 Glasgow Coma Score: Verbal 
Component

Speech Description Score

Oriented Knows place, time, location 5
Confused Talks in sentences but does not know place, time, location 4
Words Answers in words 3
Sounds Utters incomprehensible sounds 2
None No speech 1

TABLE 4-3 Glasgow Coma Score: Eye Component

Eye Opening Stimulus Score

Spontaneously Eyes open normally 4
To speech Eyes open only to speech 3
To pain Eyes open only to pain 2
None No eye opening 1MEASUREMENT OF INjURY SEVERITY ANd 

OUTCOME

gLASgOW COMA SCALE

The Glasgow Coma Scale (GCS) is the instrument most 
widely used to assess consciousness after a head injury.4 
Before its development, a series of loosely defined terms such 
as obtunded, lethargy, stupor, and coma were used to catego-
rize the degree of unconsciousness.

A standardized method for scoring the level of conscious-
ness, such as the GCS, is important in the management of 
head injuries for several reasons. A substantial number of 
head-injured patients present to hospitals that do not have 
resident neurosurgical support. A standardized scale of con-
sciousness, together with image linking of the computed 
tomographic (CT) scan, allows a rapid evaluation of the 
severity of injury by the neurosurgeon and a swift decision as 
to whether transfer to the neurosurgical unit is required. The 
GCS also has been shown to have prognostic value regarding 
the eventual outcome of the injury.5,6

The development of the GCS permitted reliable and repro-
ducible assessment with little interobserver variability across 
all classes of health care workers. The actual level of con-
sciousness and the deterioration in that level are more clearly 
identifiable when regular GCS assessments are performed.

The GCS consists of three parts: a motor response, a verbal 
response, and an eye response. The motor component 
responses are given in Table 4-1. The motor response is scored 
as the best limb response. Failure of the patient to obey com-
mands requires the observer to determine the patient’s 
response to a painful stimulus—pressure on the supraorbital 
nerve or on the nailbed (see Table 4-1). Usually, the best 
response is elicited in the upper limbs. An asymmetrical 
response indicates a focal lesion of the central nervous system.

The verbal response is assessed as indicated in Table 4-2. 
Lack of a verbal response in an otherwise awake patient 
usually indicates damage to the speech center. The eye 
response (Table 4-3) assesses the integrity of the brain’s 
arousal mechanisms. The eye response to pain should be elic-
ited by limb stimulus, because reflex eye opening may occur 

with facial stimulation. Also vital are the pupillary response 
to light and pupillary size; these should be assessed along with 
the GCS score in head-injured patients.

The severity of a head injury is usually classified according 
to the best post-resuscitation GCS. A minor head injury has 
a GCS score of 15; a mild injury, 13 or 14; a moderate injury, 
between 9 and 12; and a severe head injury, between 3 and 8. 
Coma is defined as inability to obey commands, no intelli-
gible speech, and no eye opening (M5 V2 E1). This classifica-
tion is used to guide management and is prognostic of the 
eventual outcome.7

gLASgOW OUTCOME SCALE

To compare outcomes after a head injury and the beneficial 
effects (or otherwise) of interventions during the manage-
ment of head injury, a standardized outcome measure must 
be used. The Glasgow Outcome Scale (GOS) was developed 
to measure global brain functioning rather than to specifi-
cally assess a particular mental or physical outcome.8

Improvement often occurs up to 6 months after head 
injury and may continue to occur for 1 to 2 years, so assess-
ment of outcome should not be performed before 6 months 
after the injury.

The GOS assesses outcome based on the level of depen-
dence or independence of the patient. There are five possible 
outcomes (Table 4-4).

Good recovery implies that the patient is able to resume his 
or her previous employment; neurological sequelae may exist, 
but the patient is able to maintain an independent existence. 
Moderate disability indicates that the patient is independent 
at home and can travel by public transport, but often there 
are significant persisting physical or mental neurological defi-
cits. A patient with a severe disability is conscious but is 
dependent on the assistance of another person each day. Per-
sistent vegetative state (PVS) allows normal respiration and 
sleep-wake states. A patient with PVS may occasionally follow 
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the pressure gradient and the blood vessel diameter have 
important effects on CBF. The pressure gradient is known as 
the cerebral perfusion pressure (CPP) and is usually calculated 
as follows:

CPP Mean arterial pressure ICP= −

Intracranial Pressure
The Monro-Kellie principle states that because the skull is a 
rigid structure and the skull contents of brain, cerebrospinal 
fluid (CSF), and blood are incompressible, an increase in any 
one or several of these, or development of a mass lesion such 
as a hematoma, will cause an increase in ICP.

Measurement of Intracranial Pressure
ICP can be measured by inserting a pressure transducer into 
the ventricular system, into the subarachnoid space, subdu-
rally, or intraparenchymally. The “gold standard” measure-
ment is that of ventricular pressure. The pressure is normally 
measured in centimeters of water relative to the foramen of 
Munro. Normal adult ICP ranges from 0 to 15 cm H2O.

AUTOREgULATION

Autoregulation is defined as maintenance of a constant CBF 
over a range of CPPs. Constant CBF is maintained through 
variation in arterial diameter: The arterial diameter increases 
when the CPP falls and decreases when the CPP increases.

When the autoregulatory mechanism is exhausted or defi-
cient, as may be the case after head injury, the CBF is depen-
dent on the CPP and, consequently, on the blood pressure. 
Low blood pressure therefore decreases the CBF, and cerebral 
ischemia occurs as the CPP falls below 50 mm Hg. After 
brain injury, loss of autoregulation is usually patchy within 
the brain, and some areas retain normal autoregulation. Flow 
“steal” may then occur when blood vessels in normally func-
tioning areas of brain dilate and therefore have a lower cere-
brovascular resistance than the blood vessels in the abnormal 
area of brain.

BIOMECHANICS ANd PATHOLOgY  
OF HEAd INjURY

Brain injury is usually classified as primary or secondary.9,11 
Primary brain injury is that which occurs at the time of the 
injury and is regarded as irreversible. Secondary brain injury 
occurs after the primary insult. It is the aim of head injury 
management to prevent or reduce damage occurring as a 
consequence of secondary brain injury. The mechanisms of 
secondary brain injury are:

• hematoma formation.
• brain swelling and cerebral herniation.
• cerebral infection.

A list of complications of head injury is given in Table 4-5.

PRIMARY BRAIN INjURY

The forces that cause primary brain injury can be categorized 
as inertial or contact, although there is overlap between the 

a moving object or look toward a bright light or loud sound 
and also withdraws from a painful limb stimulus. The final 
category is death. The scale is often abbreviated by dividing 
outcomes into favorable (good recovery and moderate dis-
ability) and unfavorable (severe disability, PVS, and death).

As with the GCS, criticisms can be made that the GOS is 
too global an assessment; that a significant disability, either 
mental or physical, can exist despite an apparently favorable 
outcome; and that different levels of recovery are required to 
return to professional or managerial employment versus 
manual work, which may alter the outcome category.

PHYSIOLOgY OF HEAd INjURY

An understanding of the concepts of cerebral blood flow, 
cerebral perfusion pressure, and intracranial pressure is 
essential to comprehend the pathophysiology and manage-
ment of head injury.

CEREBRAL BLOOd FLOW,  
INTRACRANIAL PRESSURE, ANd  
CEREBRAL PERFUSION PRESSURE

The brain receives approximately one fifth of the total cardiac 
output—about 1 L/min at rest. This is equivalent to a mean 
cerebral blood flow (CBF) in gray matter of 49 mL per 100 g 
of brain per minute. The brain has little capacity to store 
either glucose or oxygen and is therefore dependent on con-
tinuous blood flow. Reduction in CBF to between 25 and 
39 mL/100 g/min causes confusion and sometimes loss of 
consciousness. Reduction to 15 mL/100 g/min causes loss of 
measurable neuronal electrical activity, and flow of less than 
8 mL/100 g/min causes neuronal death.9,10

Cerebral Blood Flow
The flow (Q) of a Newtonian fluid through a rigid vessel is 
described by Poiseuille’s equation:

Q Pressure gradient r / L= × ( )π µ4 8

where r is the radius, µ is the viscosity of the fluid, and L is 
the length of the pipe. Clearly in the physiological situation, 

TABLE 4-4 Glasgow Outcome Scale

Category Description Score

Good outcome Resumption of normal life despite minor 
neurological/psychological deficits

5

Moderate disability 
(disabled but 
independent)

Independent in daily life, but often significant 
disability remains (e.g., dysphasia, hemiparesis, 
cognitive dysfunction)

4

Severe disability 
(conscious but 
disabled)

Such patients are dependent on support for 
physical or mental activities

3

Persistent vegetative 
state

This is a difficult diagnosis; such patients often 
remain unresponsive after brain injury and may 
develop sleep-wake cycles

2

Death 1
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Cerebral Contusions
Cerebral contusions result from trauma to the brain that 
causes localized hemorrhagic swelling. Typically, cerebral 
contusions are found on the undersurface of the frontal lobes 
and temporal lobes and occur when these areas of the brain 
are damaged by the rough bone edges found in the region of 
the anterior and middle cranial fossae. The contusions may 
swell over several days, causing raised ICP, or bleeding into a 
contusion may result in the development of an intracranial 
hematoma.

Skull Fractures
A fracture is a discontinuity of the bones that form the skull 
surrounding the brain. A fracture usually occurs after a 
contact injury, when a large displacement of the bone at the 
point of impact has exceeded the limit of bone plasticity. 
Fractures may occur in the calvarial region and at the base of 
the skull.

A stellate skull fracture, one in which fracture lines radiate 
from the point of impact, occurs as a result of a blow that 
contacts only a small area of the skull surface, such as that 
from a hammer or missile. A linear fracture tends to occur 
after a blow during which the force is spread over a greater 
area of the skull surface. Stellate fractures occur only rarely 
in the skull base because of the protection afforded by the 
occipitocervical musculature, the pharynx, and the facial 
skeleton. Figure 4-1 demonstrates the intraoperative appear-
ance of a linear skull fracture.

A skull fracture is compound if there is a potential conduit 
between the brain and the external environment through 
either a related scalp laceration or a paranasal sinus. This 
represents a route through which intracranial infection may 
occur, leading to abscess, empyema, or meningitis. A closed 
fracture has no such connection with the external 
environment.

A depressed skull fracture occurs when the fracture frag-
ment lies deep to the surrounding bone, usually by a depth 

groups. Most brain injury is a consequence of direct trauma 
to the skull, although facial injuries can also result in brain 
injury.

Inertial Brain Injury
Inertial forces are a consequence of differential acceleration 
within the brain and between the brain and the skull, usually 
resulting from a glancing blow to the head. Such a blow 
results in deformation of the brain substance and shear 
stresses throughout the brain, leading to axonal injury. Iner-
tial injuries usually affect the whole of the brain and are 
termed diffuse axonal injury; they may also cause rupture of 
bridging veins and pial vessels with consequent hematoma 
formation. Because the center of the brain is most affected by 
the rotational forces, diffuse injury is most marked in the 
brainstem, corpus callosum, and other central brain areas.

diffuse Axonal Injury
The shearing force causes stretching of the nerve fibers, and 
this results in axonal damage. In the early stages of injury, 
axonal injury is represented pathologically by axonal bulbs 
(retraction balls), which are seen particularly in the central 
structures such as the corpus callosum, the white matter on 
either side of the ventricle, and regions of the brainstem. Over 
time, atrophy and degeneration of the long white-matter 
tracts take place, and patchy formation of microglia occurs. 
Macroscopically in the early stages, small hemorrhagic lesions 
are seen in the sites of maximal stress. Rupture of the fornix 
may cause intraventricular hemorrhage. Later, brain matter 
atrophy with ventricular dilatation is the major finding.

The clinical consequence of this brain injury is a poor GCS 
from the outset, with lack of a lucid interval, low association 
with skull fractures, and, if the patient survives, often a high 
degree of residual brain dysfunction due to the widespread 
structural damage.

Contact Brain Injury
Contact injuries are usually caused by a direct blow to the 
skull; they result in skull fractures and contusions of the 
brain, both at the impact site and at a distance from the loca-
tion of the injury. A blow to the skull results in inward move-
ment of the skull at the point of impact; a fracture occurs if 
the degree of deformity exceeds the critical amount by which 
the skull is able to deform.

The morphology of the fracture depends on the size of the 
area of impact with the skull. A small contact area usually 
results in a relatively smaller, depressed fracture, whereas a 
larger contact area produces a greater dissipation of the force 
and usually results in a relatively larger, linear fracture.

TABLE 4-5 Complications of Head Injury

Primary Secondary Extracranial

Scalp injury Intracranial hematoma Electrolyte disturbance
Skull fracture Cerebral swelling Chest or other sepsis
Perforating or 
penetrating wound

Cerebral herniation Thromboembolism

Focal brain injury Cerebral ischemia Gastrointestinal bleeding
Diffuse brain injury Infection (meningitis)

FIGURE 4-1  Intraoperative appearance of a  linear  skull  fracture. 
This patient’s computed tomography scan is  illustrated in Figure 4-2, 
and  the  intraoperative  appearance  of  the  extradural  hematoma  is 
shown in Figure 4-4. 
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hematoma. The bridging veins are most vulnerable when 
placed on stretch, as in young children and in those individu-
als with an atrophic brain (e.g., the elderly). Figure 4-3 illus-
trates the CT appearance of an acute subdural hematoma.

A rotational injury causing differential shearing between 
the skull and brain causes the veins to stretch beyond capacity 
and to rupture, with subsequent bleeding into the subdural 
space. Because the arachnoid and dura are tightly bound only 
at the cerebral sinuses, blood is able to track within the sub-
dural space more extensively than with an extradural hema-
toma. Because these hematomas usually result from venous 
bleeding and because of the larger potential space into which 
they can spread, they are usually under low pressure and 
conform to the surface of the brain.

Chronic Subdural Hematoma
A chronic subdural hematoma also occurs in the space 
between the dura and the brain and is also found usually in 
the elderly. The origin of these hematomas is uncertain, but 
they probably arise as a result of minor, and often repeated, 
insignificant head injury. With time, the volume of the hema-
toma enlarges, either through repeated episodes of bleeding 
or because the high osmotic potential of the blood attracts 
water. Within the hematoma, the blood liquefies over a period 
of about 10 days, during which the hematoma consists of a 
mixture of fluid blood and organizing clot. This stage is often 
referred to as a subacute subdural hematoma. After about 3 
weeks, the collection has usually liquefied. A fresh bleed can 
occur into a chronic subdural hematoma and may result in a 

greater than the thickness of the surrounding bone. Depres-
sion of the fracture to this degree implies a dural laceration 
and, therefore, a potential route of infection. Depressed frac-
tures may be closed or compound, and they may be linear or 
stellate.

Fractures may occur through the skull base, and poten-
tially they can lead to disruption of the vessels and nerves that 
pass though the region of the fracture. CSF fistulae may occur 
with fractures through the frontal, sphenoidal, or ethmoidal 
sinuses or through the cribriform plate. CSF leakage through 
temporal bone fractures may manifest as rhinorrhea, if the 
fluid leaks into the nasopharynx through the middle ear and 
eustachian tube, or as otorrhea, if leakage occurs through a 
perforated eardrum into the external auditory canal.

Elevation of a depressed skull fracture does not appear to 
alter the incidence of posttraumatic epilepsy.

Penetrating and Perforating Brain Injury
Penetrating injury refers to those injuries caused by missiles 
or gunshot wounds, whereas perforation implies a puncture 
or stab wound by a knife or a nail. This type of injury results 
in a skull fracture with a tract hematoma. The severity of  
the injury depends on the area of brain damaged. The most 
common complications of perforating injury are infection 
(brain abscesses and meningitis) and hemorrhage. Vascular 
injury occurs in approximately one third of brain wounds and 
may lead to the formation of traumatic aneurysms.

SECONdARY BRAIN INjURY

Secondary brain injury is the most important cause of pre-
ventable morbidity and mortality.

Hematoma Formation
Hematoma formation or the formation of a lesion with mass 
effect (i.e., one that causes a rise in ICP) represents a neuro-
surgical emergency.

The type of hematoma that occurs after a head injury 
depends on the mechanism of the injury.

Extradural Hematoma
A focal injury associated with the formation of a skull fracture 
may result in the development of a hematoma in the extra-
dural space. Typically, this occurs in the region of the tempo-
ral bone and results from damage to the middle meningeal 
artery, but extradural hematomas may also form in the 
frontal, parietal, or occipital regions or in the posterior fossa 
from lacerations to dural arteries or bleeding from the frac-
ture itself. Because the source of the bleeding is usually arte-
rial, these hematomas are usually under high pressure and 
cause mass effect. Typically, the size of the hematoma is 
limited by the dura, which is tightly bound to the skull at the 
cranial sutures. Figure 4-2 illustrates the CT appearance of an 
extradural hematoma.

Acute Subdural Hematoma
An acute subdural hematoma is usually the consequence of a 
widespread superficial cortical injury, with multiple resultant 
bleeding points. Occasionally, rupture of a cortical bridging 
vein between the brain and the cerebral venous sinus, as it 
passes through the potential subdural space between the dura 
and the arachnoid membranes, can result in a subdural 

FIGURE 4-2  Computed  tomography scan of an extradural hema-
toma.  Notice  the  asymmetry  of  the  lateral  ventricles  and  the  minor 
degree of midline shift, indicating that the hematoma has a mass effect. 
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the fornix; this indicates that the brain has suffered a  
major rotational injury, and intraventricular blood is usually 
associated with severe diffuse axonal injury. Particularly if 
there is associated subarachnoid blood, it is important to 
consider whether the intraventricular bleed occurred as  
part of a primary event (e.g., rupture of a cerebral aneurysm), 
with the patient sustaining the head injury as a result of a 
collapse.

Traumatic Subarachnoid Hemorrhage
Traumatic subarachnoid hemorrhage results from injury to 
the cerebral vessels as they cross the subarachnoid space. 
Extensive subarachnoid hemorrhage can occur, with subse-
quent vasospasm. The distribution of the blood in traumatic 
subarachnoid hemorrhage is usually easily distinguishable 
from that observed in aneurysmal subarachnoid hemorrhage, 
but if uncertainty exists, cerebral angiography may be required 
to distinguish between the two causes.

Brain Swelling
Brain swelling may be caused by an increase in the brain 
water content, such as occurs in cerebral edema, or by 
increased blood due to cerebral hyperemia or development 
of an intracerebral mass lesion.

There are two main forms of cerebral edema. Vasogenic 
cerebral edema occurs when the blood-brain barrier has been 
disrupted and water, sodium, and protein molecules have 
been extravasated into the extracellular space. Cytotoxic cere-
bral edema occurs when the neurons lack energy to maintain 
the ionic gradient across the cell membrane; water passes into 
the cells, causing them to swell.

Cerebral hyperemia is more common in children than in 
adults. The causative mechanism is unknown, but the arteri-
oles appear to dilate, and blood passes directly to the capillary 
bed.

As discussed earlier, brain swelling causes a rise in ICP, 
and in the absence of intact autoregulation, this leads to a 
reduction in the CBF.

Brain Herniation
The skull is divided into compartments by the infolding of 
the dura to form the cerebral falx and cerebral tentorium. 
Development of a mass lesion, such as an intracerebral or 
extradural hematoma, creates a pressure gradient across the 
different compartments. Brain herniation occurs in response 
to the pressure gradient.

Several different forms of herniation are described:

• Subfalcine herniation occurs when a unilateral supratento-
rial mass lesion causes brain to herniate under the falx. 
Compression of the anterior cerebral arteries is a possible 
consequence, but clinical symptoms and signs related to 
this are rare.

• Lateral tentorial herniation is also a consequence of a uni-
lateral supratentorial mass lesion. The medial edge of the 
ipsilateral temporal lobe is forced medially and compresses 
the third cranial nerve. Clinically, this causes the pupil to 
dilate and become nonreactive to light. The brainstem  
can also become displaced and compressed, with deterio-
ration in the level of consciousness and compression  
of the ipsilateral cerebral peduncle, causing contralateral 
hemiparesis.

FIGURE 4-3  Computed  tomography  scan  of  an  acute  subdural 
hematoma. 

rapid rise in the ICP with consequential neurological deterio-
ration, which may prompt diagnosis of the previously unrec-
ognized hematoma.

Often, a chronic subdural hematoma grows to a substan-
tial size and results in a mass effect; this leads to compression 
of the ipsilateral cerebral hemisphere and a midline shift. 
However, there is relatively little neurological deficit, because 
the rise in ICP occurs over days rather than minutes to hours 
(as in an extradural or acute subdural hematoma), and this 
allows intracranial compensation to occur.

Intracerebral Hematoma
Intracerebral hematomas arise from two distinct mecha-
nisms in relation to head injury. Deep-seated hematomas, 
usually within the basal ganglia, arise from rotational injury 
and are therefore indicative of diffuse axonal injury. They 
are often small and do not usually require surgical interven-
tion. A hematoma may also occur in relation to a contu-
sion, as discussed earlier. Such a hematoma may swell 
progressively over several days, develop a mass effect, and 
raise the ICP.

Burst Lobe
A burst lobe is distinct from an intracerebral hematoma in 
that the acute subdural collection occurs in continuity with 
the overlying contused brain. This injury occurs most fre-
quently in the frontal and temporal lobes.

Intraventricular Hemorrhage
Intraventricular hemorrhage is a rare occurrence after head 
injury. The origin of the intraventricular blood is usually  
a tear in a central midline intraventricular structure such as 
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ExCELLENCE gUIdELINES ON MANAgEMENT 
OF HEAd INjURIES

The guidance is comprehensive and covers the “triage, assess-
ment, investigation and early management of head injury in 
infants, children and adults.”13 Best practice is described for 
patients with suspected clinically important brain or cervical 
spine injury. Indications and time scale for (1) CT scanning 
of the head and cervical spine, (2) admission and observation 
of head-injured patients, (3) transfer to a neurosurgical unit, 
and (4) patient discharge are presented.

INITIAL MANAgEMENT OF HEAd INjURIES

The initial management of any head injury is to ensure ade-
quate resuscitation of the patient. Although most patients 
with minor head injuries do not require resuscitation, in a 
patient with a severe head injury it is vital to ensure that the 
airway is clear and that adequate respiration and circulation 
are established and maintained.

After resuscitation and stabilization of the patient, the 
history of the injury should be determined. In the case  
of a minor injury, this can be obtained from the patient;  
with a more severe injury, witness accounts should be  
sought. The most important information is the initial GCS, 
pupillary reaction and size, whether the patient’s condition  
is improving or deteriorating, the blood pressure and pulse 
rate, and the presence of other associated injuries. Other factors 
include the period of unconsciousness, the period of posttrau-
matic amnesia, whether a seizure has occurred, and the pres-
ence or absence of a focal neurological deficit. The events 
surrounding the injury should also be determined, such as the 
degree of damage to the vehicle in a motor accident and  
the number of other victims and their injuries; this informa-
tion can be used to gauge the seriousness of the accident.

The patient should then be examined. Obviously, the 
patient’s level of consciousness will affect the examination 
performed, but in general, the following parameters should 
be assessed:

• level of consciousness (GCS score)
• presence or absence of lateralizing signs (e.g., pupillary 

abnormalities, hemiplegia/paresis, paraparesis)
• external evidence of head injury
• evidence suggesting a base-of-skull fracture (e.g., “raccoon 

eyes,” subconjunctival hemorrhage, Battle’s sign)
• presence of a CSF leak
• presence of spinal and other extracranial injuries

Investigation of the Head-Injured Patient
CT scanning is the investigation of choice for acute head 
injury, and the opportunity to scan for facial injuries at the 
same time should not be lost. Magnetic resonance imaging 
(MRI) is not advised because of the contraindications, poten-
tial delay in obtaining a scan, and difficulty observing the 
patient during scanning. Skull radiographs are no longer 
advised, because CT scanning should be available in all emer-
gency departments and provides better information.

The CT scan provides information regarding (1) detection 
of life-threatening or potentially life-threatening primary or 

• Central tentorial herniation occurs as a consequence of 
diffuse supratentorial swelling, when the contents of the 
supratentorial compartment are forced vertically through 
the tentorial hiatus. Pressure on the tectum causes loss of 
upgaze. Further downward movement of the brainstem 
leads to a deterioration in the level of consciousness, pupil-
lary abnormalities, and eventually, as traction injury to the 
pituitary stalk occurs, diabetes insipidus.

A hematoma in the infratentorial compartment can cause 
herniation of the cerebellar tonsils through the foramen 
magnum and upward herniation of the cerebellum through 
the tentorial hiatus.

Cerebral Infection
Compound fractures represent a potential route of infection 
through which organisms may track and cause meningitis. 
Meningitis results in a purulent exudate that spreads through-
out the subarachnoid space. Cerebritis and brain abscess for-
mation may follow. The infection leads to vascular thrombosis, 
causing infarcts; occasionally, obstruction of CSF flow results 
in hydrocephalus.

Extracranial Complications
Many extracranial complications can occur, including hypo-
natremia, respiratory complications, and gastrointestinal 
hemorrhage. These compromise brain blood flow and oxy-
genation, to the detriment of the patient.

MANAgEMENT OF HEAd INjURIES

The overriding aim in the management of a head injury is to 
minimize the morbidity and mortality related to secondary 
brain injury. This requires rapid evaluation and triage of 
patients presenting with head injuries. Guidelines for the 
initial management of head injuries were first published in 
1984.12 The National Institute for Clinical Excellence (NICE) 
issued recommendations in 2003 and updated them in 2007.13 
The document outlines “best practice” for management of 
head injuries within the United Kingdom and sets timelines. 
The advice is outlined in the following sections, although the 
complete guidance should be consulted for recommended 
management.

Patients are usually transferred to the neurosurgical unit 
for specialized monitoring and observation or because an 
operation is indicated. Emphasis in the current NICE guid-
ance is placed on detection of significant head injury by  
the early use of imaging and subsequent expedited 
management.

Other important evidence-based guidelines on the man-
agement of head injury include the following:

• The Surgical Management of Traumatic Brain Injury, pub-
lished in 2006, discusses the role of surgery in the manage-
ment of traumatic hematomas and skull fractures.14

• Guidelines for Management of Severe Traumatic Brain 
Injury, published by the Brain Trauma Foundation in 2007, 
covers intensive care management.15
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However, the reader should refer to local guidelines for 
specific advice on management. Immediate neurosurgical 
management is usually limited to evacuation of mass lesions 
(e.g., extradural hematoma) and other treatment of raised 
ICP, including decompressive craniectomy and ICP 
monitoring.

Surgical Evacuation of Intracranial 
Hematomas
Mass lesions within the skull, such as intracranial hemato-
mas, may cause a rise in the ICP and a consequent reduction 
in CPP. Locally raised pressure around the hematoma may 
also cause cerebral herniation. To minimize secondary brain 
damage, any hematoma with significant mass effect should be 
removed. Hematomas without significant mass effect may be 
treated conservatively with serial observation of the patient’s 
condition. Invasive monitoring of the ICP may be required. 
Persistent elevation of the ICP or a decline in the level of 
consciousness indicates the need for a further CT brain scan 
to determine whether the hematoma has increased in size and 
requires operative removal. Exploratory bur holes are very 
seldom performed.

Extradural Hematoma
Extradural hematomas most commonly arise from tearing of 
a middle meningeal artery in the region of the squamous 
temporal bone. A craniotomy is performed over the site of 
the hematoma. The hematoma, which usually consists of a 
mixture of coagulated blood with some fresh blood, is aspi-
rated and washed away, the bleeding vessel is found, and 
diathermy is performed. Hitch stitches are then placed around 
the edges of the dura, and the bone flap is replaced and fixed 
into position. If the ICP is markedly elevated, the bone may 
simply be placed back in the skull defect and allowed to ride, 
although this is rarely the case with an extradural hematoma. 
Figure 4-4 illustrates the operative appearance of an extradu-
ral hematoma.

secondary brain injury and (2) the prognosis of the patient 
with a head injury.

The indications for immediate CT scanning in adults are 
given in Box 4-1.13 These guidelines are modified in the 
elderly, in those patients with coagulopathy, and in those  
who have experienced a dangerous mechanism of injury. 
Corresponding advice for children is also given in the 
guidelines.13

detection of Cervical Spine Injury
Patients with head injury may also have cervical spine injury. 
Failure to recognize a cervical spine injury can lead to cata-
strophic quadriparesis. NICE recommends that a potential 
cervical spine injury be considered along with management 
of the head injury. Although plain radiographs are the current 
investigation of choice for suspected cervical spine injury, CT 
of the cervical spine is often performed in patients who are 
already undergoing CT head scanning. In certain circum-
stances, MRI of the cervical spine is also performed.

Neurosurgical Referral and Management
If any patient has a raised ICP on radiological or clinical 
grounds or other significant surgical lesions, the local neuro-
surgical unit should be consulted. Other indications for neu-
rosurgical advice on management include:

• presence of skull or base-of-skull fracture
• CSF leak
• persistently decreased GCS score or deterioration in GCS 

score
• seizure
• focal neurological deficit
• intracranial contusions or hemorrhage
• penetrating injury

FIGURE 4-4  Intraoperative  appearance  of  an  extradural 
hematoma. 

From National Institute for Health and Clinical Excellence: Head injury: triage, assessment, 
investigation and early management of head injury in infants, children and adults. NICE Clinical 
Guideline 56. London, 2007, NICE.

BOX 4-1 NICE Guidance for Immediate Scanning 
after Head Injury

Criteria for immediate request for CT scan of head (adults):
• GCS <13 on initial assessment in the emergency department
• GCS <15 at 2 hours after injury on assessment in the emergency 

department
• Suspected open or depressed skull fracture
• Any sign of skull base fracture (e.g., hemotympanum, “panda eyes,” CSF 

leakage from the ear or nose, Battle’s sign)
• Posttraumatic seizure
• Focal neurological deficit
• More than one episode of vomiting
• Amnesia for events more than 30 minutes before the impact

Also request immediate CT for adult patients who have experienced some 
loss of consciousness or amnesia since head injury and have any of the 
following:
• Age 65 years or older
• Coagulopathy (history of bleeding, clotting disorder, current treatment with 

warfarin)
• Dangerous mechanism of injury (pedestrian or cyclist struck by a motor 

vehicle, occupant ejected from a motor vehicle, fall from a height >1 m or 
five stairs)
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(e.g., dysphasia) related to cerebral damage resulting from the 
trauma. Some patients require continued ventilation, either 
because of extracranial injuries (e.g., chest trauma, chest 
infection) or to control the ICP.

During this time, it is important to continue monitoring 
of the patient’s blood pressure, oxygen saturation, ICP, and 
CPP to prevent secondary brain injury.

Control of Cerebral Perfusion Pressure and 
Intracranial Pressure
In order to minimize cerebral ischemia, an important cause 
of secondary brain injury, the brain must have an adequate 
blood flow. CBF is difficult to measure continuously on a 
routine basis, and in most centers the CPP is measured as a 
surrogate. CBF is related to CPP, as discussed earlier, although 
the autoregulation mechanism is often disrupted after brain 
injury.

That clinical outcome is related to ICP or CPP is debated. 
The ideal ICP and CPP after a head injury are unknown,  
but several studies have examined outcome in relation to  
CPP, and most authorities accept that an ICP of less than  
20 to 25 mm Hg and a CPP greater than 70 mm Hg  
are required for optimal management.16 Hyperventilation is 
rarely used in the management of head injury because it  
leads to vasoconstriction and a consequent reduction in  
the CPP.

Ischemic brain injury is found in about 90% of patients 
who die after head injury, and a single episode of hypotension 
is associated with an 85% increase in mortality. Experimental 
work in animals has suggested that higher perfusion pres-
sures are beneficial in the presence of mass lesions, and 
reductions in perfusion pressure significantly increase the 
risk of brainstem ischemia.

Autoregulation maintains a constant blood flow to the 
brain over a wide range of CPPs and is therefore important 
in the prevention of cerebral ischemia. At CPPs of less than 
50 mm Hg, cerebral arteriole vasodilatation is exhausted and 
the vessel collapses, with consequent cerebral ischemia. The 
upper limit of CPP autoregulation is 140 mm Hg. Above this 
level, the CPP increases with the CBF, causing damage to the 
blood-brain barrier and subsequent brain swelling. After 
head injury, the autoregulatory mechanism is often damaged, 
and experimental studies suggest that a perfusion pressure of 
between 60 and 70 mm Hg is required to achieve 
autoregulation.

The methods for managing persistently elevated ICP are:

• surgical evacuation of mass lesions
• head elevation
• control of Paco2
• maintenance of a CPP greater than 70 mm Hg
• increased sedation and paralysis
• mannitol infusion or bolus
• ventricular drainage
• decompressive craniectomy

The initial measures are (1) to elevate the head to about 30 
degrees with maintenance of the head in neutral position to 
increase venous return; (2) to maintain the CPP at a level 
greater than 70 mm Hg; and (3) to ensure that the Paco2 is 
about 4 kPa. If these procedures are unsuccessful in lowering 
the ICP, further measures are instituted.

Acute Subdural Hematoma
Acute subdural hematomas are often larger than extradural 
hematomas and are frequently accompanied by extensive 
brain swelling. The hematoma lies between the dura and the 
cortical surface. Bleeding is usually the result of a widespread 
superficial cortical contusion with multiple bleeding points 
or, occasionally, a ruptured parafalcine or sylvian fissure cor-
tical vein. A craniotomy is performed in the usual manner 
over the center of the clot. The dura is then opened, and the 
clot is washed away. Once hemostasis has been achieved, the 
bone is replaced as described previously, and the wound is 
closed in the usual manner.

Management of Skull Fractures
Most skull fractures do not require operative treatment. The 
indications for elevation of a depressed skull fracture are 
related to the presence of a dural tear and cosmesis. Fractures 
that are displaced beyond the inner table of the surrounding 
cortical bone indicate a dural tear; in the presence of a scalp 
wound, débridement and elevation of the fracture are 
required. Fractures outside the hair line are usually elevated 
for cosmesis.

Elevation of a Depressed Skull Fracture
In the case of a compound depressed skull fracture, the 
depressed fragments of bone are isolated from the skull and 
extracted from the fracture. The wound and bone fragments 
are cleaned, and the dural tear is repaired. The bone is then 
replaced if it is not too contaminated. The wound is closed, 
and the patient is given a course of intravenous antibiotics.

Treatment of Perforating or Penetrating Head 
Injury
Penetrating injury is usually a result of a gunshot wound. 
Several factors affect the degree of damage caused to the brain 
by a gunshot, the most important being the velocity of the 
projectile, because the kinetic energy is related to the square 
of the velocity. As the projectile passes through the brain, a 
pulsating cavity is created. This cavity often is many times 
larger than the projectile diameter and undergoes several 
cycles of dilatation and collapse. Shock waves created by the 
impact of the projectile against the skull also produce rapid 
and sudden compression and re-expansion of brain adjacent 
to the site of impact.

Penetrating and perforating injuries should be treated 
with prophylactic antibiotics. If the patient’s condition war-
rants, a cerebral angiogram and wound débridement should 
be performed. Traumatic aneurysms are more likely to 
rupture than congenital aneurysms and should be managed 
operatively.

SUBSEQUENT MANAgEMENT OF MOdERATE 
ANd SEVERE HEAd INjURIES

Avoidance of secondary brain injury is of vital importance 
after the initial management of a head injury if the brain is 
to be given maximum potential for recovery and rehabilita-
tion. Once control of the ICP has been obtained, the sedation 
is gradually reduced. The patient is extubated after his or her 
level of consciousness is good enough to maintain the airway 
and respiration. At this stage, the patient may still not be 
awake enough to obey commands or may have focal deficits 
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that driving is disallowed and the side effects of anticonvul-
sant medication may delay cognitive recovery. Prevention of 
posttraumatic seizures and satisfactory management when 
they occur are essential for optimal management.18

Not all seizures occurring after a head injury are related to 
the head injury per se. Seizures can occur as a consequence 
of withdrawal from alcohol or illicit drugs, hypoxia, or thera-
peutic drugs.

CLASSIFICATION

Jennett defined early seizures as those occurring within 1 
week of the injury and late seizures as those occurring there-
after.19 Others have added an additional category of immedi-
ate seizures, although this adds little to prognosis and 
management.

Early Seizures
Early seizures occur in about 2% of unselected series of head 
injury. In pediatric series, the incidence approaches 7% to 9%. 
Risk factors for early seizures include skull fractures (espe-
cially depressed fractures), hematoma formation, contusions, 
a prolonged period of unconsciousness, focal signs, and 
young age.

One third of seizures occur within 1 hour, one third 
between 1 and 24 hours, and another third between 1 and 7 
days after the injury. Seizures tend to occur later in adults 
than in children. Most early seizures are focal, and about 10% 
of adults and 20% of children younger than 5 years of age 
develop status epilepticus.

Late Seizures
Between 2% and 5% of patients suffer from late seizures after 
civilian head injury. The major risk factors are a penetrating 
missile wound, hematoma formation, depressed skull frac-
ture, and early seizures. The risk of a late seizure is highest 
initially and decreases slowly with time, although seizures 
may occur even 10 to 15 years after a missile-related head 
injury. Most late seizures are either primary generalized sei-
zures or secondary generalized seizures following focal onset.

MANAgEMENT OF POSTTRAUMATIC SEIZURES

Recurrent early seizures are typically managed with a loading 
dose of an anticonvulsant, usually valproate or phenytoin, 
followed by regular oral or intravenous doses. If status epi-
lepticus occurs despite adequate anticonvulsant doses, serum 
electrolytes, glucose, calcium, and magnesium levels should 
be estimated and corrected. Further seizure activity requires 
intubation, sedation, and ventilation, usually with propofol  
in an intensive care unit, ideally with continuous electro-
encephalographic (EEG) monitoring. An ICP monitoring 
device may also be inserted, and the patient should undergo 
a CT brain scan to exclude the development of a treatable 
surgical cause. Continued epileptiform activity on EEG mon-
itoring in a patient who is intubated, ventilated, and sedated 
requires specialist advice.

After control of early seizures has been obtained, anticon-
vulsant medication is usually continued for 6 weeks, after 
which the dose can be progressively decreased provided that 
no further seizures have occurred. Patients who suffer from 
two or more late seizures are usually started on long-term 

Failure to control the ICP is an indication for a repeat CT 
scan, because a traumatic hematoma may develop or enlarge 
with time; contusions or swelling also may worsen. If the ICP 
remains elevated, surgical decompression should be consid-
ered. In the absence of a mass lesion, the brain may be decom-
pressed by a frontal or temporal lobectomy or a decompressive 
craniectomy.

Barbiturates
Barbiturates are rarely used for ICP control because of their 
deleterious effect on blood pressure and hence on CPP. Epi-
sodic rises in ICP may be caused by seizure activity; if present, 
this should be treated with an anticonvulsant drug.

Hyperventilation
Chronic hyperventilation in the management of ICP is no 
longer practiced, because it has a tendency to decrease the 
CPP. Conversely, Muizelaar et al. demonstrated that patients 
who are maintained in normocapnia, compared to those with 
hypocapnia, had a better outcome at 3 and 6 months although 
not at 1 year.17 Usually, CBF is most severely decreased in the 
24 hours immediately after a head injury, and hyperventila-
tion during that time is most harmful.

Neuroprotective Agents
Trials involving steroids, free radical scavengers, and 
N-methyl-d-aspartic acid (NMDA) receptor antagonists have 
not shown any benefit in terms of patient outcome, although 
the search for neuroprotective agents continues.

MANAgEMENT OF ExTRACRANIAL 
COMPLICATIONS

Extracranial complications are common in head-injured 
patients, especially respiratory complications. If a patient 
remains intubated for longer than 10 days, a tracheostomy 
should be considered. Chest infection should be treated with 
antibiotics (guided by microbiological culture of sputum), 
suctioning as required, and physiotherapy. Nutritional support 
via nasogastric tube feeding should be commenced as soon as 
possible; this should be converted to a percutaneous gastros-
tomy if nutritional support is required for a longer period.

Hyponatremia may be caused by the syndrome of inap-
propriate secretion of antidiuretic hormone (SIADH) or by 
cerebral salt wasting. The best way to determine the cause is 
to measure the volume status. The dehydrated patient with 
hyponatremia due to cerebral salt wasting can be treated by 
sodium and volume replacement. Hyponatremia secondary 
to SIADH is normally responsive to fluid restriction. Hyper-
natremia is less common than hyponatremia and is usually a 
consequence of hypothalamic or pituitary injury causing dia-
betes insipidus. This is treated with desmopressin if required.

Deep vein thrombosis and pulmonary emboli occasionally 
occur and should be treated with anticoagulants. In the 
immobile patient, consideration should be given to heparin 
prophylaxis.

POSTTRAUMATIC SEIZURES

Posttraumatic seizures are a common accompaniment to 
head injury; they are of serious consequence to recovery, in 



69POSTCONCUSSION SYNdROME

of microscopic structural changes, probably with related 
changes in neurotransmitter balance.

CLINICAL ASSESSMENT ANd INVESTIgATION

A formal history, with full information about the accident 
and the patient’s premorbid personality, is required. The 
symptom complex should be carefully delineated. Additional 
information may be provided by family members. A full neu-
rological examination should be performed, and any abnor-
mality that is apparent on clinical assessment should be 
confirmed with formal investigations.

Radiological imaging is important to exclude structural 
abnormality; it may reveal chronic subdural hematoma, 
atrophy (especially of the frontal lobes), or hydrocephalus. 
MRI may provide further evidence of subtle brain injury. An 
EEG should be performed in those patients whose symptoms 
could conceivably be caused by seizure activity.

Psychological assessment, using the Paced Auditory Serial 
Addition Task, has demonstrated an impairment in the rate 
of information processing, which improved with clinical 
improvement in the symptoms.22 Other tests have demon-
strated problems with memory recall.

MANAgEMENT

In most cases, reassurance that there are no abnormal find-
ings on examination and investigation and education of the 
patient and the family about the syndrome help the symp-
toms to resolve, usually by 1 year after the injury. Symptom-
atic treatment of headache is indicated, as is treatment  
of proven seizures. If psychological testing demonstrates 
impaired processing, development of coping strategies is 
appropriate.
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anticonvulsant medication. This may be continued for some 
years before gradual reduction and discontinuation of the 
anticonvulsant drug is considered.

PROPHYLAxIS

Despite several randomized, controlled trials of anticonvul-
sant drugs after head injury, no clear benefit or consensus 
opinion concerning their use as prophylaxis has emerged.

POSTCONCUSSION SYNdROME

The hallmarks of the postconcussion syndrome are a minor 
head injury, a normal neurological examination, and a variety 
of symptoms, usually out of proportion to the severity of the 
injury, most of which are difficult to substantiate.20 The symp-
toms are variable but in the main consist of headache associ-
ated with dizziness and memory difficulties. A full list of 
symptoms is given in Box 4-2.

EPIdEMIOLOgY

Postconcussion syndrome occurs almost exclusively in 
patients who have had a minor head injury. Different studies 
have reported different incidences, possibly because the 
assessment was made at different times after occurrence of 
the injury. Rimel et al. monitored a group of patients for 3 
months.21 The inclusion criteria were hospital admission 
lasting less than 48 hours, mild head injury (i.e., GCS score 
between 13 and 15), and a period of unconsciousness lasting 
less than 20 minutes. They found that 79% of the patients 
complained of persistent headaches, and 59% complained of 
ongoing memory problems. Return to work was more likely 
in the professional, business, and managerial groups, and liti-
gation was apparently not an important factor. Postconcus-
sion syndrome is far less commonly observed in children 
than in adults.

PATHOPHYSIOLOgY

Elucidation of the pathophysiology of this disorder is difficult 
because of the vague nature of the symptoms and because the 
head injury is minor, so little formal neuropathological infor-
mation is available. The syndrome is probably a consequence 

BOX 4-2 Symptoms after Minor Head Injury

• Headaches
• Dizziness
• Vertigo
• Tinnitus
• Visual blurring
• Reduced or absent taste and smell
• Irritability
• Anxiety
• Depression
• Fatigue
• Memory problems
• Impaired concentration
• Sensitivity to light and noise
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5
Imaging

C HA P T E R 

Mark S. Ballard, Ian Francis

In all cases of maxillofacial trauma, formal clinical 
appraisal, preferably by a specialist, should precede 
imaging. Some facial injuries require no imaging at all; 

others necessitate complex image investigation, so it is essen-
tial that the specialist’s examination focus on the most appro-
priate imaging. Many factors are involved in the process, and 
success is heavily dependent on good teamwork among the 
surgeons, nursing staff, radiographers, and radiologists.

In deciding whether a patient requires imaging, it is 
important to remember that that there will be a radiation 
dose to the patient as well as a time and financial cost. 
Although the radiation dose from a simple orthopantomo-
gram (OPG) is low, there are many glandular structures in 
the head with a high cell turnover. These have a higher sus-
ceptibility to radiation effect.1 Patient presentation varies 
enormously, from an alert patient who has received a minor 
blow to a severely injured, comatose patient with polytrauma 
who may have extremity, abdominal, thoracic, spinal, and 
central nervous system injuries in addition to the facial 
fractures.

Acquiring images will inevitably introduce delay into a 
patient’s treatment, and some may suffer as a result. It is 
essential to achieve balance between the need to identify all 
important lesions and the need to minimize radiation expo-
sure and the time delay.

IMAgINg MOdALITIES ANd TECHNIQUES

PLAIN RAdIOgRAPHS

Plain radiographs provide the foundation of day-to-day 
imaging. They may on their own be sufficient to provide a 
radiological diagnosis, or they may need to be complemented 
by other modalities, such as computed tomography (CT). The 
general rule (anywhere in the body) is that fractures should 
be imaged in at least two planes, preferably at right angles to 
one another. However, although this is true in many circum-
stances in facial injury and is also true for locating foreign 
bodies, it is not a universal rule in the face.

Although a specialized skull radiographic unit is helpful, 
none of the plain film techniques (see “Radiography of Facial 
Injuries”) requires it. Most can be quite adequately obtained 
with the use of an upright, bucky apparatus with an overhead 
gantry tube, provided the patient can sit up or stand.

For reasons of classification and convenience, the face is 
often divided into upper, middle, and lower thirds, and the 
middle third is further divided into central and lateral com-
ponents. Suspected fractures of the upper third of the face 
require a Caldwell projection (Fig. 5-1) or, preferably, a modi-
fied Caldwell’s view (Fig. 5-2) and a lateral projection. Middle-
third injuries require occipitomental 10-degree (Figs 5-3 and 
5-4) and 30-degree (Fig. 5-5) views, which can be supple-
mented by a lateral projection if the central middle third is 
involved (Fig. 5-6). Lower-third injuries require a posteroan-
terior (PA) mandible view and panoramic tomography (OPG) 
or, if the latter is not available, lateral oblique views of both 
sides (see “Radiography of Facial Injuries”). These views 
should be taken with the patient erect whenever possible, not 
only for comfort but to show fluid levels in the sinuses. Such 
plain film views may not be necessary if CT has been or needs 
to be done on an emergency basis or if there are adequate 
radiographs available from a primary referring hospital. 
Other projections (see “Radiography of Facial Injuries”) are 
rarely needed.

COMPUTEd TOMOgRAPHY

CT has almost entirely supplanted nonpanoramic  
tomography. It has the advantage of providing multiplanar 
thin-slice images of the facial skeleton, overcoming the 
problem of superimposition of structures that inevitably 
occurs on plain radiographs. The newest generation  
of multidetector CT scanners (MDCT) are able to acquire 
data very rapidly. Slice information obtained in one plane  
can be reconstructed to provide images in alternative  
planes, if such alternative image planes are not obtainable 
directly.

A small field of view should be used, and the scanning 
should be performed with a high-resolution bone algorithm. 
Soft tissue windows can then be obtained from this original 
dataset. Generally, a slice thickness of 2 to 4 mm is adequate 
in assessing facial trauma and has the advantage that the 
examination is faster than when thinner slices are acquired. 
However, if reformatting is needed, very thin slices are 
required: 1-mm axial slices should be obtained with subse-
quent coronal reformats. Sagittal reformats are not commonly 
required for facial imaging, and obtaining thinner axial slices, 
although technically possible, yields no significant improve-
ment in resolution.
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neck sufficiently. Indeed, in some patients, direct coronal 
scanning cannot be done at all (or, if the cervical spine is still 
under suspicion, should not be done). Second, dental 
amalgam and other fixed prosthodontic devices can produce 
serious streak-like artifacts that seriously diminish image 
quality.

Three-dimensional (3-D) datasets have become increas-
ingly requested since the advent of navigational surgical tech-
niques. These new approaches to surgery require CT 
information to accurately direct the navigational equipment. 

In almost every case coming to CT scanning, axial-slice 
images are obtained (Figs. 5-7 through 5-9). The standard 
position for axial (transverse) slices is with the slice plane 
parallel to the anthropological baseline. This position is easy 
for the patient, and landmarks are easy to identify on the 
initial scanogram view. However, CT scanning protocols vary 
considerably with clinical circumstances. Coronal images are 
particularly helpful in orbital examination (Fig. 5-10) but are 
also useful in other situations. Coronal imaging has the 
benefit of visualizing the horizontal struts or plates of bone, 
which in standard axial slices lie parallel to the slice plane and 
therefore are poorly visualized. Such horizontal plates include 
the orbital roof, cribriform plate, orbital floor, and hard 
palate.

Direct coronal imaging is ideally performed in the true 
coronal plane, but two factors may require the gantry angle 
to be adjusted. First, many patients, particularly the elderly 
and those with a rigid spine, may not be able to extend their 

FIGURE 5-1  Caldwell’s projection  in a patient with a  fracture of 
the frontal bone extending down to the superior orbital rim and cross-
ing to the medial orbital wall in the region of the frontal sinus ostium 
to involve the upper nasal septum (arrows). 

FIGURE 5-2  Modified Caldwell’s projection illustrating a blowout 
fracture of the orbital floor. There is absence of the right orbital floor 
medial  to  the  infraorbital  groove and fissure  (open arrow).  The  cor-
responding segment of floor on the left is intact and normal in position 
(arrowheads). There is a depressed fragment of bone on the right side 
(closed arrow) and mucosal thickening in the antrum on that side. The 
opacification in the left antrum is caused by coexisting and unrelated 
inflammatory disease. Notice also the air in the right upper orbit. 

FIGURE 5-3  Fractures through the Le Fort II and III lines of weakness 
on  an  occipitomental  10-degree  projection  (black arrows).  There  is 
slight  separation of  the  frontozygomatic  sutures  (white arrows). Step 
deformities  are  present  at  both  inferior  orbital  margins.  The  pattern 
appears incomplete, because no fracture is evident in the left arch on 
this view. However, notice the decreased gap between the coronoid 
process  tip and  the buttress of  the malar bone on  the  left side, com-
pared to the right side. The ethmoidal air cells and the maxillary antra 
are opacified, with a fluid level in the left antrum. Air (a) is present in 
the right orbit. 

a

FIGURE 5-4  Fracture  of  the  zygoma  on  an  occipitomental 
15-degree projection. Notice a  fracture with a  step deformity at  the 
inferior orbital margin and at the medial part of the buttress (arrows). 
There  is  a  double  shadow  to  the medial  aspect  of  the  arch  (arrow-
heads).  Frontozygomatic  suture  separation  is not evident.  There  is a 
fluid level in the right antrum. Air (a) is present in the orbit and lateral 
to  the  antral  wall.  The  soft  tissues  of  the  cheek  and  lower  lid  are 
swollen. 

a

a
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When a CT is performed, the scanner ascribes a unit mea-
surement to a 3-D pixel, called a voxel, that is representative 
of a portion of the area scanned. Many voxels make up an 
image (Fig. 5-11). The unit measurement ascribed is known 
as a Hounsfield unit and relates to the density of the tissue in 
that small area. The values of these measurements range from 
−1000 (fat) to more than +1000 (bone). If this range of values 
were translated directly into a gray scale, the human eye 
would not be able to differentiate all shades of gray from each 
other, and critical information would be lost. To allow com-
plete assessment of the range of tissue densities, the viewing 
systems allow users to “window” the data. Based on a selec-
tion from the user, the computer sets a density middle value 
and a viewable range that the eye can appreciate. These set-
tings allow certain tissues (e.g., bone, lung, brain) to be com-
pletely assessed according to the known density ranges they 
contain. It is critical to be aware of windowing and how to 
adjust the windows when assessing CT images so that image 
data are not missed (Fig. 5-12).

Conebeam Computed Tomography
Conebeam CT (CBCT) is a relatively new CT technique that 
uses a cone-shaped beam of radiation rather than the stan-
dard fan-shaped beam used in multislice scanners (on which 
most imaging is performed) (Fig. 5-13). These systems have 
been available since 2001 and allow for low-dose scanning of 
small areas of the body (Fig. 5-14). Current applications for 
this technology center on dentomaxillofacial imaging,3 
although its use is being explored in musculoskeletal imaging 
of the extremities. The technology is limited by poor soft 
tissue resolution in comparison to multislice CT scanners; 
however, fine discrimination of soft tissue detail is often of 
little relevance in the dentomaxillofacial and trauma settings, 
and technological improvements are paving the way for scan-
ners with better tissue resolution.4

CBCT scanners are much smaller and less expensive than 
traditional multislice CT (MDCT) scanners (Fig. 5-15). 
Although their use is growing in the United States (where 

Early published data from navigational surgery centers 
suggest these techniques confer improved functional and aes-
thetic results with reduced operating times.2

With the advent of digital image storage and Picture 
Archiving and Communication Systems (PACS), CT images 
are now routinely assessed on the computer rather than on 
the cut film of old. This has several advantages, because the 
software associated with the viewing computers allows for 
image manipulation (e.g., magnification) and direct cali-
brated measurement.

FIGURE 5-5  Occipitomental  30-degree  projection  showing  a 
depressed  left  zygomatic  arch  fracture.  Notice  the  rotated  anterior 
arch fragment (arrow), the fracture in the posterior arch, and a fracture 
crossing  the  zygomatic  buttress  to  reach  the  frontozygomatic  suture 
(arrowheads). 

FIGURE 5-6  Lateral projection of the face in a patient with a uni-
lateral Le Fort I–type fracture. The dentition on each side of the man-
dible  superimpose,  whereas  the  left  upper  dental  arch  is  displaced 
upward and backward. The two halves of the split palate are widely 
separated and at an angle to one another (arrows). 

FIGURE 5-7  Axial  computed  tomogram  of  the  skull  base  and 
petrous bones. There  is  longitudinal petrous  fracture on  the  left side. 
This  runs across  the mastoid air cells and  the middle ear cavity and 
anterior to the petrous apex, eventually crossing the walls of the sphe-
noid sinus (arrows). Notice the soft tissue shadow (blood and cerebro-
spinal  fluid)  in  the mastoid  air  cells,  the middle  ear  cavity,  and  the 
sphenoid  sinus.  Soft  tissue  swelling  is  present  over  the  left  mastoid.  
The  normal  right  petrous  bone  structures  help  to  demonstrate  the 
asymmetry. 
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negative, with no evidence of fracture, no fluid levels, no 
mucosal thickening of the sinuses, and no orbital or soft 
tissue emphysema and there is no evidence of penetrating 
injury, then the chance of finding a significant midface frac-
ture on CT/CBCT imaging is negligible. However, all patients 
with upper-third fractures or suspected fractures should 
receive CT/CBCT evaluation. There is a very high incidence 
of intracranial damage in such patients, and there are impor-
tant questions relating to the posterior wall of the frontal 
sinus, the nasofrontal duct, and the orbital roof, the answers 
to which affect the surgical approach and the long-term 
outlook. These questions are not reliably addressed by plain 
radiographs.

Many central middle-third fractures require CT/CBCT 
evaluation, although mild injury to the nasomaxillary 
complex (i.e., injury confined to the nasal bones and the nasal 
plates of the frontal process of the maxillae) does not, and the 
utility of CT/CBCT in Le Fort I level injury is highly 

there is much controversy regarding their predominantly 
office-based use), there has so far been little application in the 
United Kingdom. CBCT does, however, offer a viable alterna-
tive to MDCT, in which the dose is significantly higher and 
accessibility may be an issue.

When to Perform CT/CBCT Imaging  
of Facial Injuries
Although it may be convenient and sensible to expedite CT 
of the face in those patients who are undergoing a CT of the 
brain, most facially injured patients can be managed ade-
quately without CT scanning. The decision to perform CT/
CBCT imaging depends on both the initial radiographic 
evaluation and the clinical findings. If plain radiographs are 

FIGURE 5-8  Depressed skull fracture. A, Part of a lateral skull projection showing a linear density 
caused by the depressed fragments (arrow). B, Axial computed tomogram of the same patient showing 
depressed fragments (arrow). 

A B

FIGURE 5-9  Axial  computed  tomogram  of  the  face  in  a  patient 
with Le Fort I and II level injuries and a right zygomatic fracture. There 
is extensive fracturing involving all of the walls of the maxillary antra 
with several bone  fragments displaced  into  the antra  (small arrows). 
There is fracturing of the left nasal plate of the maxilla, fracturing and 
submucosal hemorrhage in the posterior nasal septum, and a fracture 
with  lateral  bowing  of  the  right  zygomatic  arch  (large arrow).  The 
maxillary antra are opaque from blood. There are fragments of bone 
avulsed from the left pterygoid plates (curved arrow). 

FIGURE 5-10  Coronal computed tomogram of the face in a patient 
with medial wall and orbital floor blowout fractures  (curved arrows). 
The left nasal cavity, ethmoidal air cells, and antrum are opaque from 
blood. There is air beneath the left orbital roof. The orbital floor fracture 
involves the inferior orbital canal. The major fragments of both fractures 
are hinged at the junction with the ethmomaxillary plate (open arrow). 
The  lucent  line  crossing  the  base  of  the  frontal  process  of  the  right 
zygoma (black arrow) is the canal for the zygomaticotemporal nerve 
and is not a fracture. 
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30-degree radiographs is almost always sufficient for manage-
ment, although the uncommon lateral bowing injury of the 
arch may be difficult to appreciate. Some orbital injuries 
require CT evaluation, but this decision should be guided 
clinically. Most patients with penetrating injury to the lids or 
conjunctiva should at least be considered for CT, because the 
risk of missing a foreign body in the orbit or anterior cranial 
fossa is significant. CT may also be needed later for evaluation 
of some patients with suspected blowout injury (see later dis-
cussion) and for evaluation of enophthalmos and other mal-
positions of the globe.

Evaluation of severe retrobulbar hemorrhage is a clinical 
emergency and one in which imaging has no role. Surgical 
orbital exploration should be carried out as soon as 
possible.

In the lower third of the face (the mandible and hyoid), 
CT/CBCT imaging is almost never needed, except in some 
cases of suspected condylar head fracture. Suspicion should 
arise only if a condylar fracture is not clinically or radio-
graphically evident but there is otorrhagia or an apparent 
Battle’s sign. CT/CBCT is then done primarily to exclude a 
petrous fracture. A significant number of patients with a con-
dylar fracture have otorrhagia, and Battle’s sign can be mim-
icked by seepage of blood back from the injury to the external 
auditory canal as a result of a condylar fracture.

MAgNETIC RESONANCE IMAgINg

Magnetic resonance imaging (MRI) technology uses the 
manipulation of hydrogen atoms within the body to form 
images. Approximately two thirds of the total hydrogen atoms 
in the human body are located in water or fat molecules. MRI 
uses a strong electromagnetic field to line up the nuclei of 
these hydrogen atoms in a single plane. These atoms are then 

debatable. Lateral middle-third injuries seldom require CT/
CBCT imaging unless there is severe displacement or exten-
sion to the external angular process of the frontal bone or to 
the sphenoidal and temporal calvaria. There is no doubt that 
CT/CBCT shows displacement well, particularly displace-
ment of the zygomatic arch; however, careful evaluation of 
unrotated PA, occipitomental 10-degree and occipitomental 

FIGURE 5-11  Voxel.  The  imaged  slice  of  tissue  is  divided  into 
volume  elements  called  voxels.  The  x-ray  attenuation  in  each  voxel 
determines  the shade of gray of  the corresponding pixel  in  the final 
two-dimensional  image.  (From Herring J: Tachdjian’s pediatric ortho-
paedics, ed 4, St. Louis, 2007, Saunders.)
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FIGURE 5-12  Windowing. A, An axial image through the head on a brain window allows assess-
ment of  the brain parenchyma, but bone detail  is  lost. B, An axial  image  in  the same  location on a 
bone window demonstrates a  fracture  through  the  left  lateral orbital wall  that would be easy  to miss  
on  the brain windows.  This window allows assessment  of  bone, but  the brain parenchymal detail  is  
now lost. 
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face by MRI remains inferior to that of CT. Furthermore, 
ferromagnetic material in (or even outside) the patient, such 
as iron filings in the globe of the eye and some intracranial 
aneurysm clips, may move during MRI, with disastrous con-
sequences. Such material can also produce spectacular arti-
facts, degrading the images. In addition, poor access and 
difficulty with some forms of monitoring equipment make 
MRI less attractive than CT in cases of acute maxillofacial 
injury.

However, MRI does have growing application in a number 
of specific areas. Most important is its ability to detect CSF 
fistulae and leaks (see later discussion) and its superior dem-
onstration of posttraumatic meningoceles, encephaloceles, 
and, in children, leptomeningeal cysts (Fig. 5-16). It has 
increasing application in the orbit for injuries to the globe 
and optic nerve sheath complex, and it has a place in the 
evaluation of repair problems after blowout fractures. It can 
also be used to demonstrate acute soft tissue injury in the 
temporomandibular joint, although there is no conclusive 
evidence that such demonstration affects the early manage-
ment and this examination is probably best reserved for those 
with persistent joint symptoms. MRI is also of assistance in 
estimating the vascularization of hydroxyapatite orbital 
implants after exenteration for trauma.

ULTRASONOgRAPHY

Ultrasonography has limited use in the assessment of bony 
trauma of the facial skeleton, although it has a well-defined 
role in the assessment of soft tissue injury and fluid collec-
tions. It is the modality of choice for assessment of the globe, 
particularly the posterior elements when anterior opacifica-
tion (blood or cataract) prevents direct vision, and also for 
assessing intraocular foreign bodies. In patients with pene-
trating injuries, it can be used to detect nonmetallic foreign 
bodies in soft tissues with high accuracy.

OTHER MOdALITIES

A number of other modalities, such as angiography (includ-
ing therapeutic maneuvers), dacryocystography, sialography, 
and arthrography, very occasionally play a part in the man-
agement of maxillofacial injuries. Angiography may be 
required in the acute phase, and sialography has a place in 
the evaluation of suspected parotid duct transection. The 

knocked out of that plane by specific radiofrequency pulses. 
Once the radiofrequency energy is stopped, the hydrogen 
atoms return to the plane of the main magnetic field imposed 
by the electromagnet. This return to plane induces a radio 
signal that is measured by the MRI scanner and converted via 
a mathematical algorithm into a cross-sectional image. 
Although the image produced by an MRI scanner looks like 
an anatomical picture, it should not be considered as such 
and is more truly a representation of the strength of signal 
produced. Tissues with plentiful hydrogen atoms, such as 
cerebrospinal fluid (CSF) or fat, produce high (bright) signals, 
and those with little hydrogen, such as bone, produce low 
(dark) signal.

Because this technique does not depend on x-rays, it has 
an advantage over CT in that it minimizes exposure to  
radiation. However, because of the low number of hydrogen 
atoms in bone, the demonstration of fine bone detail in the 

FIGURE 5-13  Conebeam computed tomography (CBCT) versus 
multidetector  CT  (MDCT).  A,  CBCT  may  be  obtained  with  the 
patient either upright or supine and uses a cone-shaped x-ray beam. 
B, MDCT is obtained with the patient lying supine and uses a fan- 
shaped x-ray beam. 
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FIGURE 5-14  Conebeam  computed  tomography  (CBCT)  scan 
acquisition.  CBCT  imaging  is  accomplished  by  a  rotating  gantry  to 
which an x-ray source and detector are attached. A divergent pyramid- 
or  cone-shaped  source  of  ionizing  radiation  is  directed  though  the 
midsection of the area to be examined onto an x-ray detector on the 
opposite side. A rotation fulcrum is fixed within the center of the object 
of  interest  (e.g.,  facial  skeleton)  and  the  x-ray  source  and  detector 
rotate  around  it.  The  entire  field  of  view  is  encompassed  during  a 
single  rotation,  which  is  sufficient  to  acquire  enough  information  to 
reconstruct the image. 

X-ray
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patient. Resuscitation of a patient on a CT gantry with limited 
monitoring equipment is suboptimal, and resuscitation in an 
MRI scanner is almost impossible.

THE STABLE PATIENT

There is almost always adequate time (hours, if not days) to 
take a measured view in assessing the facially injured patient. 
Most of these patients are stable, and, as Johnson has put it, 

others are usually reserved for assessing the delayed sequelae 
to trauma.

INITIAL ASSESSMENT

The imaging required for a given patient clearly depends on 
the pattern of injury and the affected anatomy. Less obvious, 
but equally important, is the physiological stability of the 

FIGURE 5-15  Comparison  of  conebeam 
computed tomography (CBCT) and multidetector 
computed tomography (MDCT) scanners. A and 
B,  CBCT  scanners  have  a  small  physical  foot-
print; these are small enough for the office envi-
ronment.  C,  A  typical  multislice  CT  scanner, 
which fills a whole room. 
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FIGURE 5-16  Magnetic  resonance  image of  a patient with an  encephalocele.  Encephalomalacic 
brain tissue (darker than normal brain on image) originating from the rectus gyrus and part of the medial 
orbital  gyrus  has  herniated  through  the  left  ethmoidal  roof  (arrows).  A,  Coronal  reconstruction. 
B, Parasagittal reconstruction. (Courtesy of Dr. B.G. Conry, Kent and Sussex Hospitals, Tunbridge Wells.)
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For certain injuries, imaging is not required at all or is 
needed only in very specific situations. For example, there is 
no evidence that patients with uncomplicated (isolated) nasal 
trauma benefit in any way from imaging. Patient manage-
ment is determined purely on the basis of clinical examina-
tion and patient preference (i.e., a desire for improvement in 
function or appearance of the nose). The correlation between 
radiographic findings and external nasal deformity or need 
for surgical reduction is poor. Indeed, some 20% to 25% of 
patients who need some form of reduction of nasal fracture 
or dislocation have negative findings on radiology. Similarly, 
there is no place for a very urgent evaluation of most patients 
with diplopia and suspected blowout fractures with entrap-
ment (see later discussion).

Patients with head injury who are fully oriented and have 
no history of loss of consciousness or amnesia need not be 
imaged, unless there are other clinical risk factors to indicate 
otherwise, because they are at negligible risk for clinically 
important brain injury.6

THE MULTIPLY INjUREd PATIENT

The initial management of a multiply injured patient is usually 
performed according to the Advanced Trauma Life Support 
guidelines from the American College of Surgeons. Imaging 
should be performed as part of a secondary survey, after the 
patient is stabilized. Imaging should not be undertaken in 
patients who are inadequately ventilated or hemodynamically 
unstable, whatever their neurological status.

Injury to the cervical spine must be considered to be 
present in all patients who have depressed consciousness, are 
intoxicated, or have signs or symptoms related to the cervical 
spine. All such patients should have three-view radiographic 
assessment of the cervical spine. Unwise attempts to intubate 
or otherwise maneuver the patient can have catastrophic 
results.

Apart from such situations, no other imaging should  
take place until an adequate airway and ventilation have  
been established and the patient is hemodynamically  
stable.

SUSPECTEd INTRACRANIAL INjURY

The primary study for investigation of suspected intracranial 
injury is a CT examination of the head. The skull radio-
graphic series in the acute setting is now largely consigned to 
historical status, although there is still a role in the skeletal 
survey of children with suspected nonaccidental injury, for 
patients with penetrating injury to assist in deciding whether 
emergency angiography is required, in patients with calvarial 
fractures, and in the imaging of foreign bodies.

MRI of the head is of limited use in the acute trauma 
setting: The signal from acute blood spoils the image obtained 
from brain structures, the electromagnetic field of the scanner 
requires specialist life support equipment, and the imaging 
process takes significantly longer than a head CT.

Current clinical guidelines, from groups such as the 
National Institute of Clinical Excellence (NICE) in the  
United Kingdom, recommend early imaging rather than 
admission and observation for appropriate cases, with an  
aim to reduce the time to detection of life-threatening  
outcomes (Box 5-1).

“Attempts at extensive plain radiographic evaluation under 
the direction of busy emergency room personnel often will 
not yield optimal results.”5

In most cases, fractures are adequately demonstrated on a 
few plain films or with panoramic tomography or both; this 
is true of most isolated injuries to the zygoma and almost all 
mandibular injuries.

If any radiographic view is believed to be necessary for 
evaluation of midface injury in the early stages, a single occip-
itomental 10- or 15-degree view (see Figs. 5-3 and 5-4) is 
sufficient as a screening tool. This screening view is recom-
mended if the clinical diagnosis is uncertain and there is no 
cervical injury. For suspected injuries to the mandible, a pan-
oramic (OPG) view and a PA view of the mandible (Figs. 5-17 
and 5-18) suffice in most cases, but again, as with the midface, 
specialist advice is preferable before imaging.

FIGURE 5-17  Fracture of the mandible on a panoramic tomogram. 
There is a lucent fracture  line crossing the left angle of  the mandible 
that involves the lamina dura of the third molar tooth. Slight separation 
of the fragments has caused apparent widening of the distal periodon-
tal  ligament  (arrowheads).  Notice  that  the  fracture  line  appears  to 
diverge into two limbs (arrows). These lines join together at both ends. 
The  lower  line  is  the  fracture  through  the  lingual  cortex;  it  breaches 
the walls of the inferior dental canal, whereas the fracture through the 
buccal cortex (upper line) does not. The patient also sustained a frac-
ture of the left zygoma: Notice the deformed arch on that side. 

FIGURE 5-18  Posteroanterior projection of  the mandible  illustrat-
ing  a  left  condylar  neck  fracture  and  a  left  parasymphysis  fracture 
(arrows).  The  fracture  at  the  condylar  neck  is  not  itself  seen  but  is 
evident from the displaced and rotated condylar head (c). This is the 
classic  condylar  displacement.  On  this  radiographic  projection,  the 
lucent triangle (t) bounded by the skull base, the zygomatic arch, and 
the posterolateral antral wall  should always be closely  inspected on 
both sides. 

ct
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THE CERVICAL SPINE

The fact that a patient walks into the emergency department 
does not preclude serious cervical injury (Fig. 5-19). If there 
is any doubt, all patients, especially those who were involved 
in road traffic or other high-velocity accidents, should be 
given a collar until injury has been excluded. On the other 
hand, alert, cooperative, non-intoxicated patients who have a 
cervical spine injury always complain of pain or discomfort.

Routine cervical spine radiographs in all patients with iso-
lated mandibular fractures is inappropriate, because the 
pick-up rate of cervical injury is likely to be negligible. Most 
patients with facial trauma have no cervical injury, and it is 
obviously preferable to be selective and not expose large 
numbers of patients to unnecessary irradiation. Velmahos 
et al. looked at this problem in relation to the blunt trauma 
victim who is alert and asymptomatic.9 In a series of 549 alert, 
oriented, clinically non-intoxicated blunt trauma victims 
with no neck symptoms, no injury was missed when a careful 
three-step clinical examination was used. Therefore, in such 
patients, if there is no report of neck symptoms and no ten-
derness to palpation or on neck motion, the collar can be left 
off and no radiographic studies are necessary.

Conscious, alert patients with suspected neck injury and 
those with overt cord or root symptoms should have a three-
view cervical plain film series, including a horizontal-beam 
(cross-table) lateral view of the cervical spine to the C7/T1 
level, an AP view of the cervical spine, and an AP view of the 
odontoid peg taken as soon as possible, and this should be 
done with the cervical collar on.10 Extreme caution should be 
used in maneuvering the patient. If other injuries have to take 
precedence, the patient must wear the collar until cervical 
injury can be ruled out. Because most injuries occur in the 
lower cervical spine, especially the C7/T1 level, the spine 
must be visualized down to these levels. If this fails, then CT 
or MRI must be performed. If the lateral cervical radiograph 

There are significant differences between a head injury in 
a child and one in an adult. Although a large number of adults 
with intracranial hemorrhage have a fracture, most children 
do not. However, depressed fractures are more common in 
children (see Fig. 5-8). Such fractures are important but may 
be impossible to detect clinically. Heiskanen et al.7 reported 
on 224 patients with depressed skull fractures and found that 
7% eventually developed infection; the risk of this complica-
tion was greater if surgery was delayed beyond 24 hours from 
injury. Laceration of the scalp should also be taken seriously, 
because delayed recognition of a compound fracture can have 
profound consequences.

In children, the skull radiographic series is essentially 
limited to documentation of cases of suspected nonaccidental 
injury; however, in children younger than 6 months, CT of 
the head should be mandatory as part of the workup for 
nonaccidental injury, with either MRI or follow-up CT to 
further document the timing of the injury. CT is otherwise 
accepted as the first-line investigation to exclude brain injury, 
as in adults.6 The indications for scanning the head of a child 
after trauma differ from the indications in an adult (Box 5-2), 
in part because of the different injury patterns but mainly 
because children present differently.

If time and the patient’s condition permit, the brain CT 
scan examination can be usefully expanded to include other 
areas of interest. It is often appropriate to include the rest of 
the face, some of which will in any event be visible on the 
brain scan. Head-injured or multiply injured patients who 
require endotracheal intubation are difficult to assess clini-
cally because the facial features are obscured and distorted by 
tubes and tapes and the response to painful stimuli is blunted 
or erased. Indeed, McAuley et al.8 found that 16% of missed 
fractures involved the facial skeleton, and 21% of all missed 
injuries were accounted for by an impaired sensorium.

BOX 5-1 Criteria for Immediate Request for 
Computed Tomographic Scanning of the 
Head (Adults)

• Glasgow Coma Scale (GCS) score <13 on initial assessment in the emer-
gency department

• GCS <15 at 2 hours after the injury on assessment in the emergency 
department

• Suspected open or depressed skull fracture
• Any sign of basal skull fracture (hemotympanum, “panda eyes,” cerebrospi-

nal fluid leakage from the ear or nose, Battle’s sign)
• Posttraumatic seizure
• Focal neurological deficit
• More than one episode of vomiting
• Amnesia for events >30 minutes before impact

In addition, in patients who have experienced some loss of consciousness or 
amnesia since the injury (adults):
• Age ≥65 years
• Coagulopathy (history of bleeding, clotting disorder, current treatment with 

warfarin)
• Dangerous mechanism of injury (pedestrian or cyclist struck by a motor 

vehicle, occupant ejected from a motor vehicle, fall from a height of >1 m 
or five stairs)

From National Institute of Clinical Excellence: Head injury (website): http://www.nice.org.uk/
guidance/index.jsp?action=byID&o=11836. Accessed March 21, 2011.

BOX 5-2 Criteria for Immediate Request for 
Computed Tomographic Scanning of the 
Head (Children)

• Loss of consciousness lasting >5 minutes (witnessed)
• Amnesia (antegrade or retrograde) lasting >5 minutes
• Abnormal drowsiness
• Three or more discrete episodes of vomiting
• Clinical suspicion of nonaccidental injury
• Posttraumatic seizure but no history of epilepsy
• Glasgow Coma Scale (GCS) score <14, or GCS (pediatric) score <15 for a 

baby <1 year old, on assessment in the emergency department
• Suspicion of open or depressed skull injury or tense fontanelle
• Any sign of basal skull fracture (hemotympanum, “panda eyes,” cerebrospi-

nal fluid leakage from the ear or nose, Battle’s sign)
• Focal neurological deficit
• If <1 year of age, presence of bruise, swelling, or laceration >5 cm on the 

head
• Dangerous mechanism of injury (high-speed road traffic accident as pedes-

trian, cyclist, or vehicle occupant, fall from a height of >3 m, high-speed 
injury from a projectile or an object)

From National Institute of Clinical Excellence: Head injury (website): http://www.nice.org.uk/
guidance/index.jsp?action=byID&o=11836. Accessed March 21, 2011.

http://www.nice.org.uk/guidance/index.jsp?action=byID%26o=11836
http://www.nice.org.uk/guidance/index.jsp?action=byID%26o=11836
http://www.nice.org.uk/guidance/index.jsp?action=byID%26o=11836
http://www.nice.org.uk/guidance/index.jsp?action=byID%26o=11836
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in which the cervical spine CT is normal, but there is ongoing 
clinical suspicion of injury. MRI in the acute phase should be 
mandatory in those patients who demonstrate abnormal neu-
rology, but have no fracture seen on plain radiographs (to 
assess cord and soft tissue injury) and in patients who have 
ascending abnormal neurology (to exclude an epidural hema-
toma). It should also be performed after a set period of time 
if clinical evaluation of the patient remains impossible. MRI 
is also indicated if the neurological state is fluctuating or if 
the degree of neurological deficit appears out of proportion 
to the bony injury. In addition, it can assist in differentiating 
spinal cord edema (which has a greater capacity for neuro-
logical recovery) from cord hemorrhage, and it may be  
helpful in the later stages if there is further neurological 
deterioration.

It should be remembered that spinal cord injury can occur 
without a fracture in about 0.7% of cases. Spinal cord injury 
without radiographic abnormality (SCIWORA) was recog-
nized in children by Pang and Wilberger in 1982.15 They 
described trauma-related myelopathy with normal appear-
ances on cervical spine radiographs, and this injury pattern 
also extends to the adult population.16 Clinically, this explains 
why cervical spine radiographs and CT imaging cannot clear 
the spine. Ideally, all patients sustaining significant spinal 
injury should have MRI, but for practical purposes this is not 
possible. MRI should be performed with T1-weighted, 
T2-weighted, and fat-suppressed T2-weighted short tau 
inversion-recovery (STIR) images in the sagittal plane and 
T2-weighted images in the axial plane.

BLEEdINg

In most hemodynamically unstable patients with facial 
trauma, the site of blood loss, whether overt or occult, is 

does not demonstrate the C7/T1 junction adequately, further 
imaging is required. Historically, swimmer’s views or oblique 
views were obtained, but these require manipulation and are 
ideally avoided in the trauma patient. Moreover, such images 
are difficult to interpret, so CT examination should be per-
formed instead.

Additional (second) fractures occur in 5% of patients with 
spinal injury, and very subtle changes may be a sign of major 
injury. Missed cervical spine injury can occur in 15% to 30% 
of patients. Plain lateral views give a false-negative rate of 26% 
to 40%. For these reasons, the cervical spine radiographic 
series should be scrutinized for fractures. CT may not dem-
onstrate fractures that are visible on x-ray examination,11 so 
it is important to attempt radiography of the cervical spine 
before CT, whenever clinically feasible, to ensure complete 
radiological assessment.

If the patient is unconscious, sedated, or otherwise not 
alert, it is advisable to obtain images of the head and cervical 
spine at the same time with CT. CT images should be per-
formed to the level of the T2 vertebral body unless the patient 
is intubated or unconscious, in which case the T4 level is 
preferred.12 It is important to remember that a CT examina-
tion of the cervical spine does not clear it clinically, because 
ligamentous injury is not visible on CT13,14 (see later 
discussion).

Although ligamentous injury can be identified on flexion/
extension lateral views, this is a potentially hazardous proce-
dure; it must be done under medical supervision and then 
only in alert, cooperative patients who have minimal spasm 
and no evidence of a potentially unstable fracture on plain 
radiographs or CT scans. Such views, if attempted at all, are 
best done under fluoroscopic control. MRI, however, can 
identify ligamentous and cord injury and should be consid-
ered in patients with focal neurological symptoms in cases  

FIGURE 5-19  Injury to the cervical spine. A, Lateral cervical spine showing locked facets at C5-6 
(arrow). B, Axial  computed  tomogram of  the cervical  spine  showing a burst  fracture of  the vertebral 
body and fracture of the vertebral lamina. 
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of a foreign body, MRI should be avoided until radiography 
is performed to assess for the presence of metal.

Optic nerve avulsion or transection may be detectable on 
CT or MRI, but blindness will be permanent. Although acute 
optic nerve and optic nerve sheath hemorrhage can be identi-
fied on MRI, laser tomography with clinical examination is 
the current standard for assessing the optic nerve.21

Together with osseous compression of the optic nerve, 
these are the direct forms of traumatic optic neuropathy. 
Visual evoked potentials (VEP) using flashlight goggles 
provide valuable additional information about optic nerve 
injuries.

The indirect forms of visual loss are much more common 
and include contusion of the optic nerve leading to edema 
and compression of its vascular supply, hemorrhage into the 
optic nerve sheath, shearing of the nutrient vessels, and 
increase in intraorbital pressure. Nutrient vessel shearing is 
untreatable. Hemorrhage into the optic nerve sheath can be 
identified on CT or MRI but is rare: It is often accompanied 
by fundal appearances of central retinal vein occlusion and 
can be amenable to decompression. However, the most 
common treatable problem is increased intraorbital pressure 
resulting from bleeding or from the presence of air (see  
later discussion). Patients with trauma involving the optic 
nerve (i.e., traumatic optic neuropathy) can benefit from 
imaging, but in some circumstances it is useless and in  
others harmful. The danger is that imaging will delay  
urgent treatment. Careful patient selection is therefore 
essential.

RECOgNITION ANd INTERPRETATION OF 
FACIAL INjURY

The skeletal anatomy of the face is the most complex in the 
body. The maximum amount of information will be gleaned 
from the radiographs and images if a few rules are followed 
and there is a methodical approach to searching the image 
for information: You see what you look for! A number of 
approaches to image assessment in the context of facial injury 
are suggested and described in this section, as are specific 
signs that should be sought.

Every film of the face should be examined, including any 
that may have been sent from a referring hospital or clinic. 
Radiographs made elsewhere should always be obtained; they 
may hold important information, even if badly done, and may 
obviate the need to obtain some or all of the radiographs one 
would normally acquire. Some patients habitually present to 
the emergency department: their previous radiographs should 
be reviewed. Every image should be checked for the date it 
was obtained, for the patient’s name, and for orientation 
markers (left or right).

Since the advent of Picture Archiving and Communica-
tion Systems (PACS), images are stored as data on computer 
systems. These may be copied onto compact disks for transfer 
between medical institutions, and finding previous imaging 
is easier than with hard-copy film packets. The downside is 
that images that predate the introduction of PACS into a 
hospital are often not included on the digital archive, so hard 
copies still need to be obtained, often from off-site storage 
areas. Because of the adaptation of new technology, it is easy 
to miss potentially relevant historical images because they are 

located outside the face. Nevertheless, bleeding related to the 
facial injury may rarely contribute to or constitute the sole 
cause of shock. Such bleeding may be presentational, or it 
may be delayed in onset, even occurring after fixation of facial 
fractures. It is most common after the more severe transfacial 
or panfacial fractures. It may originate from disruption of the 
anterior or posterior ethmoidal vessels or of the terminal 
branches of the maxillary artery. Nasal packing, clipping or 
ligation of obvious bleeding points, and arterial ligation may 
all be used. A few patients may need urgent temporary exter-
nal reduction or fixation of their facial fractures. In a small 
group, bleeding is resistant to such treatments or recurs, and 
in these cases, arteriography and selective embolization 
should be considered.

More rarely, a mandibular fracture can cause a complete 
transection of the inferior alveolar artery. In this situation, if 
spasm and spontaneous arrest of bleeding do not occur, con-
siderable hemorrhage may take place, requiring urgent tem-
porary fixation with a bridle wire.

Angiography should be considered if there is penetrating 
injury to the neck. The face and neck have classically been 
divided into three zones: zone 1, from the sternal notch to the 
cricoid cartilage; zone 2, from the cricoid cartilage to the 
mandibular angle; and zone 3, from the mandibular angle to 
the skull base. In the case of penetrating trauma in zones 1 
and 3, catheter angiography is widely accepted as the best 
measure of assessment of vascular injury.17

Zone 2 penetrating injuries were previously managed by 
routine surgical exploration in cases in which the penetration 
passed through platysma. However, the advent of CT angiog-
raphy has allowed development of a different management 
approach; namely, CT angiography in the stable patient, with 
further management based on clinical status and imaging 
findings.18,19 This approach has reduced the need for surgical 
intervention in such patients and virtually eliminated cases 
of negative neck exploration (which occurred in half of all 
trauma-related explorations in the past).20

VISUAL LOSS

Visual loss may result from a lesion anywhere along the  
path from the globe to the visual cortex. Loss that is instan-
taneous (i.e., from the moment of trauma) is usually consid-
ered irreversible and is not imaged. However, difficulty  
arises in patients who have been rendered unconscious for a 
period of time, because instantaneous loss cannot then be 
determined.

Causes arising within the globe, such as gross rupture  
and hemorrhage, are usually clinically obvious or can be 
investigated with ultrasound. CT done for other reasons, such 
as fracture assessment, may provide useful information: 
Rupture of the globe, lens dislocation, hemorrhage, and 
retinal detachment may be evident. Optic nerve damage  
at the canal level can occur, but assessment by imaging in  
this situation depends much on local practice, because 
surgery in these cases is controversial. Fractures at the canal 
are rare, but compression by bony fragments may be seen on 
CT images.

Visual loss may also occur as a result of lesions further 
forward in the extraocular intraorbital compartment. Bone 
fragments, foreign bodies, or a penetrating injury may involve 
the optic nerve and may be identified on CT. If there is a risk 
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FIGURE 5-20  Campbell’s and Trapnell’s lines. 
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FIGURE 5-21  Dolan’s  lines  for  the  occipitomental  projection. 
A, Orbital line. B, Zygomatic line. C, Maxillary line. 
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not in the digital archive. Always bear in mind that there may 
be films you are not aware of unless you ask!

SEARCH PATTERNS ANd REMINdERS

McGrigor and Campbell described a search pattern of four 
lines that the eye should follow when one is examining the 
frontal view of the face (occipitomental 10-degree projec-
tion).22 These are known as Campbell’s lines or sometimes as 
McGrigor’s lines. A fifth line is known as Trapnell’s line23 (Fig. 
5-20). Using these lines allows one to examine all those parts 
of the face where fractures and other signs are most likely to 
be found and reduces the chance of missing a fracture.

The first of these lines runs across the frontozygomatic 
sutures, the superior margins of the orbit, and the frontal 
sinuses. The second passes along the zygomatic arches, the 
zygomatic body, the inferior orbital margin, and the nasal 
bones. The third crosses the condyles, the coronoid processes, 
and the maxillary sinuses. The fourth crosses the mandibular 
ramus and the bite line (occlusal plane of the teeth), and the 
fifth runs along the inferior border of the mandible from 
angle to angle.

Dolan and Jacoby described three lines for evaluating 
occipitomental projections that can be used as an adjunct24 
(Fig. 5-21). These are known collectively as Dolan’s lines:

• The orbital line extends along the inner margins of the 
lateral, inferior, and medial walls of the orbit, passing over 
the nasal arch to follow the same structures on the oppo-
site side.

• The zygomatic line extends along the superior margin of 
the arch and body of the zygoma, passing along the lateral 
margin of the frontal process of the zygoma to the zygo-
maticofrontal suture.

• The maxillary line extends along the inferior margin of the 
zygomatic arch, the inferior margin of the body and but-
tress of the zygoma, and the lateral wall of the maxillary 
sinus.

The same authors described evaluation lines for the modi-
fied Caldwell’s projection. The first of these extends along the 
outer margin of the orbital process of the frontal and zygo-
matic bones. The second is the innominate line or oblique 
orbital line. The third line extends along the inner margin of 
the orbit downward and breaks into two roughly parallel lines 
meeting at the inferior orbital foramen; the medial of these 
two lines is the posterior lacrimal crest, and the lateral is the 
lamina papyracea. The third line then continues along the 
orbital margin inferiorly, laterally, and superiorly (Fig. 5-22).

The “four S’s” described by Delbalso et al. are a good 
reminder of what to look for on radiographs.25 The four S’s 
are Symmetry, Sharpness, Sinus, and Soft tissue.

Symmetry
With the exception of the frontal sinuses, the face is reason-
ably symmetrical in most people. Occasionally, a hypoplastic 
maxillary antrum or previous old trauma can cause confu-
sion, but any asymmetry that is noticed should draw the 
examiner’s attention to that area for further evaluation (see 
Figs. 5-2, 5-3, 5-4, and 5-7).

Sharpness
Sharpness refers to the accentuated sharpness brought about 
by fracture fragments’ being rotated or displaced into tan-
gency with the x-ray beam, which causes them to appear 
accentuated on the image (see Fig. 5-2). A number of radio-
graphic signs have been described based on this principle, 
such as the bright sign, railroad track sign, and trapdoor sign, 
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discovery process. It does not, however, obviate the need for 
a complete study of the radiograph.

Allied to this notion is the idea of fracture patterns, which 
is inherent in the classifications of midface fractures. Use of 
these patterns allows the examiner, having identified a frac-
ture, to direct attention to other likely sites. For example, 
having identified a fracture of an inferior orbital rim and 
knowing that this may not be localized but may be part of a 
tripod, Le Fort II, or nasomaxillary fracture (or some combi-
nation of these), the examiner can proceed to double-check 
the zygomatic arch, the frontozygomatic suture, the nasal 
arch, the lateral antral wall on the same side and the inferior 
orbital rim and lateral antral wall on the other side. Similarly, 
an arch fracture may be isolated, or it may be part of a tripod 
or Le Fort III fracture. A lateral antral wall fracture may be 
part of a tripod, Le Fort II, or Le Fort I fracture; it may be 
localized or dentoalveolar in origin; or it may be a combina-
tion of these.

That a fracture at a single site may occur as part of several 
different fracture types or patterns is important. Failure to 
appreciate this fact can lead to error (clinically as well as 
radiologically). For example, malar fractures are common, 
but not every inferior orbital rim fracture is a result of a malar 
injury. One of the most frequently misinterpreted fractures 
involving the inferior orbital rim is a fracture of the frontal 
process of the maxilla (Fig. 5-24).

One should not, however, be too rigid about such patterns 
or classifications, because hybrid and mixed forms, particu-
larly in the Le Fort type of injuries, are more common than 
pure forms. Indeed, in severe, high-impact injuries, particu-
larly of the panfacial type, the facial skeleton may split like an 
eggshell into dozens of fragments, making any attempt at 
ordered classification fruitless (Fig. 5-25). Concomitant 
injury patterns also occur, and identification of one should 

some of which are discussed later in this chapter. The con-
verse of this principle is loss of normal sharp outline when a 
fragment is rotated out of tangency.

Sinus
Almost all of the midface fractures involve one or more of the 
paranasal sinuses (see Figs. 5-3 and 5-4). Valvassori and Hord 
used this fact to provide a classification scheme for midface 
injuries.26 A number of abnormalities discussed in this section 
may be apparent in the sinuses.

Soft Tissues
Swelling, foreign bodies, and emphysema may all be apparent 
(see Fig. 5-4) and can help in the evaluation of the patient.

HOT SITES ANd FRACTURE PATTERNS

Three fractures occurring along Le Fort’s three great lines of 
weakness27 have come to be known as the three great trans-
facial fractures: the Le Fort I, II, and III (although these are 
in reverse order to Le Fort’s original assignation). These, 
together with the zygomatic fractures, orbital blowout frac-
tures, and localized nasoethmoidal complex fractures, form 
the basis of most midface fracture classifications.

Two points should be emphasized. If these fracture lines 
or lines of weakness are mapped onto the image of an occipi-
tomental 10-degree or modified Caldwell’s projection in 
those areas where fractures are easily manifested to the 
observer (i.e., where bone is thick or is seen in tangent), then 
a pattern emerges, and certain sites (called hot sites) provide 
likely hunting grounds for recognizing injury. Second, these 
sites (Fig. 5-23) are not precise, because the lines of weakness 
vary slightly from individual to individual. Hence, they are 
indicated on the diagram as zones where fractures are most 
likely to be seen, and particular attention should be given to 
these areas. This approach speeds up and enhances the 

FIGURE 5-22  Dolan’s  lines  for  the  modified  Caldwell’s 
projection. 

13

2

FIGURE 5-23  “Hot sites” for identifying fractures on the occipito-
mental projection. 
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Greenstick fracturing, in which there is a fracture through 
one side of the cortex with buckling on the other, and pure 
buckle fractures are common in children, particularly in the 
condylar neck. In these circumstances, only angular displace-
ment may be seen, and the fragment is usually stable, albeit 
in an incorrect position.

In the skull vault, fractures commonly appear to give out, 
without ending at a bone edge. In addition, separation and 
movement may occur at sutures but be indiscernible radio-
logically. At certain suture sites, this can be a most difficult 
problem for the radiologist. The frontozygomatic suture is a 
case in point. It may be visible as a lucent line in some normal 
individuals, and in a few of them only on one side. The radi-
ologist may therefore be unable to confirm a fracture or sepa-
ration at that location, even though at surgery it is obviously 
loose and unstable.

dIRECT RAdIOgRAPHIC SIgNS OF FRACTURE

All the signs of injury may be considered as being abnormal 
densities, either more lucent or more opaque than normal, or 
as being abnormalities of position, either incorrectly oriented 
or incorrectly located.

Separation Sign
The separation sign is sometimes called the cortical defect or 
crack (Figs. 5-26 and 5-27; see Figs. 5-1, 5-3, 5-5, 5-17, and 
5-18). Fry et al.28 pointed out that the radiographic appear-
ance of fracture lines may vary in width, according to

• the amount of destruction
• the amount of displacement
• the angle of projection of the x-rays
• the stage of repair

Such a break in the continuity of bone allows x-rays to pass 
unimpeded and results in a lucent line on the image, but only 
if part of the fracture plane is oriented in tangent to the x-ray 
beam and there is sufficient depth (thickness) of bone. Many 
of the bones of the face are extremely thin plates. In the 
absence of other signs, the visibility of a fracture in such a 

alert the examiner to check whether the other is present. 
Examples include the association of depressed zygomatic 
arch fracture with fracture of the coronoid process of the 
mandible; of Le Fort I and palatal fractures with mandibular 
injury; and of a parasymphysis fracture with a fracture of the 
opposite condylar neck or body.

THE CONCEPT OF COMPLETENESS ANd 
INCOMPLETENESS

Not all fractures are apparent on clinical examination, and for 
a variety of reasons, not all will be discovered by either plain 
radiography (see Fig. 5-3) or CT scanning. What is important 
is whether the bone fragment is loose or displaced.

Some bone injury is only visible microscopically. Hairline 
fractures may become visible radiologically only after 7 to 10 
days, when decalcification at the fracture edges occurs. 

FIGURE 5-24  Fracture of the frontal process of the maxilla, as seen 
on an occipitomental projection with only 40 degrees of angulation. 
Notice the narrowing of the right nasal arch (long arrow), compared 
with the opposite side, and the depressed medial portion of the inferior 
orbital rim (short arrows). 

FIGURE 5-25  Coronal  computed  tomogram  showing  extensive 
fracturing at all the Le Fort levels with severe comminution and palatal 
splitting. 

FIGURE 5-26  Bilateral mandibular body fractures. The fracture on 
the left shows true comminution (short arrows), and there is widening 
of  the periodontal membrane on  the mesial  aspect  of  the premolar. 
The  fracture on  the  right  is  evident  on  this  view only as an overlap 
sign of increased density (long arrow). A fractured right upper molar 
is also present. There are plates for previous fractures in this patient, 
who had epilepsy. 

R
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children, a fracture may be visible only as a lucency crossing 
the wall (lamina dura) of a developing tooth bud (Fig. 5-28).

A number of pitfalls exist for the unwary:

• Neurovascular channels produce lucent lines, as do 
sutures. Such channels and sutures can also cause confu-
sion on CT scanning. Knowledge of anatomy is important 
here, but there are clues on the film: The margins of such 
anatomical lucent structures tend to be sclerotic (dense), 
unlike those of fresh fractures.

• A thin line of air between the tongue and palate (palato-
glossal gap) can simulate a fracture on plain films, as can 
streaks of soft tissue emphysema. A clue to these and  
many other imitators is the bone margin: If the lucency 
goes beyond the bone margin, it is not a fracture of that 
particular bone and is therefore probably spurious. Some 
care is needed, however, because a lucent line projecting 
beyond a bone does not exclude a fracture, only a fracture 
of the bone in question. This problem occurs especially in 
the midface, where there is much superimposition of 
bone.

• An illusion of lucency may be identified where two differ-
ent lightness gradients meet on an image due to the Mach 
effect. This often occurs at the overlap between soft tissue 
and bone and frequently leads to a false-positive diagnosis 
of fractures.

Sutural diastasis
Separation of a fragment of bone from the rest of the facial 
skeleton may, in part or in whole, occur along a suture line. 
There are well-recognized sites in the face where such separa-
tion may be seen, such as the frontozygomatic suture (see 
Figs. 5-3 and 5-5), the frontonasal suture, the nasomaxillary 
suture, and, in young children, the internasal suture. Recogni-
tion of such suture separation is easy if the gap is well marked, 
but because such sutures in the normal patient may be seen 
as thin lucent lines, mild degrees of separation may be impos-
sible to appreciate.

FIGURE 5-27  Horizontal-beam  lateral  skull  radiograph  (brow-up 
lateral  skull).  There  is  fracturing  of  the  frontal  calvaria  (arrow),  a 
pneumocephalus  (p), and a fluid  level  in  the  sphenoid  sinus  (arrow-
head). Notice also a fluid level in the maxillary antrum. 

P

thin plate depends to a large degree on its orientation. There-
fore, continuous fracture lines are rarely seen on radiographs 
of the midface. In a Le Fort I or II fracture, for example, the 
fracture line may be seen at the lateral antral wall on a frontal 
projection but not seen as it passes across the front and back 
walls of the antrum, where the bone is not only thin but 
oriented en face to the x-ray beam. When its plane of cleavage 
rotates or curls or suddenly alters direction, a fracture line 
may seem to disappear even though it continues farther in 
the bone in question. This accounts both for some fractures 
that appear to be incomplete and, to a lesser extent, for the 
pseudocomminution that is often seen in the mandible. In 
the latter situation, the fracture is visible as a lucent line on 
both the lingual and the buccal cortex (see Fig. 5-17); if these 
lines do not coincide geometrically, it can appear as if two 
fractures are present. Close examination usually reveals that 
the two lines approximate at a bone margin. Such changes in 
orientation also account for fractures in the frontal bone that 
appear to end at the orbital margin. These almost always 
continue into the orbital roof.

The margin of fracture lines should be inspected. In fresh 
fractures, the margins are well defined and sharp. Rounding 
off indicates either that it is not a fracture or that infection or 
nonunion is occurring. The width of a fracture line may 
increase slightly due to decalcification in the healing process, 
before ossification of the fracture callus. More extensive wid-
ening can be caused by displacement, intervening bone loss 
(e.g., ballistic injuries), or infection. However, this is a delayed 
feature and in any event takes at least 10 days to become 
apparent, because time is needed for removal of calcium salts.

If displacement is the cause, the width of a fracture pro-
vides additional information. Wide gaps indicate periosteal 
tearing and, in the calvaria, dural tearing. Cortical or con-
densed bone does not exist only at the perimeter of bone. The 
condensed bone of the mental foramen and the margins of 
the dental canal may demonstrate a separation sign. The 
lamina dura of tooth sockets and developing tooth buds 
should also be inspected for the presence of fracture lines. In 

FIGURE 5-28  Fracture  of  the  mandible,  seen  on  part  of  a  pan-
oramic tomographic projection. There is a separation sign across the 
condensed bone of  the  lamina dura of a  tooth bud  (large arrow). A 
vertical fracture of the deciduous tooth above is present (arrowhead). 
The dense band distally (small arrow) is a pseudo-overlap sign caused 
by superimposition of the hyoid bone. 
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disappearing Fragment Sign
The absence of bone from an expected position is the oppo-
site of the abnormal linear density (see Fig. 5-2). A bone 
structure that normally produces an image, such as the orbital 
floor or lateral antral wall, is displaced or rotated out of 
tangent to the beam, resulting in the appearance of a gap. The 
disappearing fragment sign is most commonly seen where 
there are thin bone plates. It too has its counterpart on CT 
images, and in CT there is a special example: the empty 
glenoid fossa, implying mandibular condylar neck fracture or 
dislocation.

Abnormal Angulation or Curvature
Abnormal angulation or curvature may be seen in children 
with greenstick or buckle fractures of the condylar neck, in 
the antral walls, and in the zygomatic arches (especially the 
outward bowing from frontal impact to the malar bone). It 
may be the only clue to injury, or it may be an obvious feature 
of an otherwise readily recognizable injury (Fig. 5-31).

Step deformity
Step deformity is caused by displacement of bone in the plane 
at right angles to the x-ray beam, which gives rise to a sharp 
step in the contour of the outer margins of the bone cortex 
(see Figs. 5-4 and 5-29). It is seen notably in the mandible but 
can occur elsewhere in the face and is recognizable on CT 
and plain film images.

displaced Bone
A large fragment or an entire osseous structure may change 
its location (see Figs. 5-6 and 5-18). Examples are depression 
of the orbital floor and margin in tripod injuries or of the 
midface with respect to the skull base and mandible in Le 
Fort fractures. This displacement may be the most immediate 
or obvious feature, but it is always seen in conjunction with 
other signs.

Overlap Sign
The overlap sign occurs when there is a displacement at the 
fracture site such that two fragments overlap, either wholly 
or in part. The thickness of bone is greater and shows  
as a band of increased opacity (Fig. 5-29; see Fig. 5-26). It 
may be the only sign of fracture. It is sometimes called  
the “double-density sign” or “cortical duplication,” but  
these terms are misnomers, because, if the fracture plane  
is oblique and overriding is incomplete, the increase in  
thickness may be less than double. The margins of this band 
of increased opacity may be sharp or blurred, depending on 
the obliquity of the fracture line with respect to the x-ray 
beam. Care must be exercised with this sign, because normal 
structures such as the soft palate can produce a similar 
appearance. In addition, foreign bodies or displaced bone 
fragments from another site can project over the bone being 
examined.

Abnormal Linear density
Abnormal linear density occurs when a fracture fragment is 
displaced or rotated (or both) so that it is seen “end on” in an 
abnormal position. This gives rise to a nonanatomical linear 
opacity. A common example occurs when a fragment of the 
antral wall rotates to produce a linear opacity projected over 
the antrum, the so-called bright sign (Fig. 5-30). Other exam-
ples include the trapdoor sign of an orbital floor fracture and 
the railroad or parallel line sign, which occurs when the 
lateral orbital wall is rotated to parallel the innominate (or 
oblique orbital) line. It is occasionally seen in high condylar 
neck fractures, when bone fragments may be seen projected 
over the sigmoid notch on panoramic, oblique, or lateral 
views. A further and important example is the increased 
density seen in the anterior fragment of a depressed zygo-
matic arch fracture on frontal projections (see Fig. 5-5). As 
with the overlap sign, foreign bodies (e.g., glass shards) may 
mimic this sign, as may normal antral septa and other super-
imposed anatomical structures.

FIGURE 5-29  Left  angular  fracture  of  the  mandible  (part  of  a 
panoramic projection). The fracture is difficult to see, but several signs 
are present. There is widening of the periodontal ligament (M). Faint 
fracture lines cross the lamina dura and the region of the dental canal 
(small white arrows).  There  is a  linear density caused by overlap of 
fracture fragments (black arrows) and a tiny step deformity of the corti-
cal margin (large white arrow). 

M

FIGURE 5-30  Abnormal  linear  density  sign.  An  occipitomental 
10-degree  projection  showing  a  subtle,  minimally  displaced  malar 
fracture.  The  antrum  is  opaque,  the  soft  tissues  are  slightly  swollen 
(open arrow),  and  there  is  a  bright  sign  (abnormal  linear  density) 
projected over the inferior lateral antral wall (circled). Notice also the 
reduced gap  (arrowheads)  between  the  tip  of  the  coronoid  process 
and  the  inferior  margin  of  the  buttress  on  the  same  side,  which  is 
caused by the displacement of the malar bone. 
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base (see Fig. 5-27), and further studies should be undertaken 
to prove or disprove the supposition.

Opacification of the frontal sinus can be problematic if 
there is much overlying soft tissue swelling; if the AP dimen-
sion of the frontal sinus is small, it can be impossible to 
determine from the PA films whether the sinus is fully aerated 
or full of blood or CSF unless a fluid level is seen. Opacifica-
tion in the frontal or ethmoidal air cells may also be caused 
by herniation of brain tissue.

Air in the Soft Tissues
Soft tissue gas has several causes, including infection, pene-
trating injury, sinus fracture, and rupture of the trachea, 
larynx, or esophagus with dissection up to the face. Emphy-
sema from facial fracture is fairly common, particularly if 
there has not been much delay between the time of the  
trauma and the acquisition of images. Abnormally located  
air is usefully divided into three groups: soft tissue,  
orbital, and intracranial. Very rarely, air may occur in the 
intravascular space (e.g., cavernous sinus) or in the spine 
(pneumorachis).

Soft Tissue Emphysema
Apart from superior dissection of air due to laryngeal, tra-
cheal, or esophageal laceration, air in the soft tissue of the face 
is usually stated to be caused by communication via a fracture 
with a paranasal sinus (see Fig. 5-4). This can be misleading: 
Although uncommon, it is encountered from time to time in 
patients whose only injury is a fracture of the mandible, par-
ticularly a fracture around the angle. As with other signs, 
there are pitfalls. Air lateral to the maxillary antrum may be 
mimicked by lateral extensions of the sphenoid sinus and by 
pacchionian granulations in the skull vault. Rarely, air is 
localized and under tension within the soft tissues (i.e., soft 
tissue pneumatocele). Occasionally, air is seen in other sites, 
such as the temporomandibular joint. Soft tissue emphysema 
is always more extensive and widespread on CT images than 
one would expect from the plain radiographs.

Patients with facial fractures should be discouraged from 
nose blowing, sneezing, and so on, because increased air pres-
sure can force large amounts of air into the soft tissues, 
increasing the risk of infection. This can also result in exten-
sion of emphysema down the neck, over the chest, and into 
the mediastinum. However, whenever air is seen in the soft 
tissues below the mandible (i.e., in the neck or lower), every 
effort should be made to exclude other causes, such as laryn-
geal, tracheal, or esophageal laceration.

Intraorbital Air
Intraorbital air, as seen on the plain film (see Figs. 5-2, 5-3, 
and 5-4), must be differentiated from the deep sulcus of the 
upper lid in an elderly or enophthalmic patient. Air is usually 
seen superiorly in the orbit but can occur anywhere, even 
within the globe. Large amounts can collect in the preseptal 
space and, on occasion, behind the globe. There are even a 
few reports of tension pneumo-orbitism presenting much like 
retrobulbar hemorrhage, with chemosis and threatened 
vision. Most cases of intraorbital air are said to be caused by 
medial orbital wall fractures, but air here can result from 
orbital floor injury. It can also occur as a delayed manifesta-
tion of an orbitoantral fistula, particularly in patients who 
have undergone repair of blowout floor fractures; these 

Widening of the Periodontal Ligament
Widening of the periodontal ligament is an important but 
often overlooked clue to fracture (see Figs. 5-17, 5-26, and 
5-29). In any individual socket, the periodontal ligament has 
a uniform thickness all around the tooth, equivalent in thick-
ness to that around adjacent teeth. The ligament may appear 
wider or thicker in some disease processes and in local injury, 
such as partial extrusion. However, in the absence of such 
extrusion, a periodontal ligament that appears wider on one 
side than the other (e.g., wider mesially than distally) should 
raise the possibility that a mandibular fracture passes into it.

INdIRECT RAdIOgRAPHIC SIgNS OF FRACTURE

Soft Tissue Swelling
Soft tissue swelling is a common and fairly nonspecific sign 
(see Fig. 5-4) that is often present with no underlying frac-
ture. Occasionally, if localized, it may direct the attention to 
a particular area of the face on the radiograph. For example, 
soft tissue swelling over one cheek directs attention to that 
side, and swelling over the nasal arch directs attention to the 
nasomaxillary structures. Swelling may also affect the airway, 
and this area should always be inspected on any lateral views 
and on CT images, bearing in mind that free blood may give 
a similar opacification.

Paranasal Sinus Opacification
Complete opacification, mucosal thickening (localized or 
general), and fluid levels in the sinuses may all be seen after 
trauma (see Figs. 5-3, 5-4, 5-27, and 5-30). These signs may 
be caused by preexisting disease (see Fig. 5-2) or just a severe 
nosebleed, but they should nevertheless be regarded with 
suspicion.

Recognition of a fluid level requires the x-ray beam to be 
horizontal (or nearly so—a tilt of up to about 10 degrees does 
not usually matter). A fluid level in the sphenoid sinus on a 
horizontal-beam lateral view of a severely injured patient 
should always be taken as indicating a fracture of the skull 

FIGURE 5-31  Greenstick injury. Note the angular deformity of the 
left  condylar  neck  (arrow)  on  this  PA  projection  of  a  child’s 
mandible. 
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When very tiny amounts of air are seen immediately adjacent 
to bone, it may be impossible to determine whether it is 
extradural or subdural.

The rate of disappearance of intracranial air depends on 
the amount originally present and whether there is an ongoing 
leak. Small amounts disappear in a few days; large amounts 
may take a week or longer. If very large amounts are present, 
then the air may be under pressure, forming a tension pneu-
mocephalus or aerocele. This is an emergency, because it acts 
much like a large intracranial blood collection. The appear-
ance of pneumocephalus may be delayed—not just by a few 
days, but in some cases by years or decades after injury. This 
is often associated with unexpected CSF rhinorrhea, which 
may be profuse. Investigation of recurrent or delayed pneu-
mocephalus is similar to that of recurrent or delayed CSF leak 
(see later discussion).

Changes to the Occlusal Plane
Changes in the occlusion are always best assessed clinically, 
but gross changes are visible radiologically (see Fig. 5-6) and 

patients experience swelling and crepitus after nose blowing 
when they get colds.

Intracranial Air
Air may collect in any of the spaces where blood collects, 
namely in extradural (epidural), subdural, and subarachnoid 
(cortical, basal cistern, and intraventricular) spaces and in the 
brain substance (aerocele) (Figs. 5-32 and 5-33; see Fig. 5-27). 
Except in extradural sites, the presence of air implies tearing 
of the dura. Although pneumocephalus is only occasionally 
seen on plain films, and then usually in small amounts, it 
should nevertheless be looked for, particularly behind the 
frontal sinuses on the brow-up cross-table lateral projection 
obtained in the emergency department. The amount of air 
seen is highly variable, but even extremely small volumes 
(≤0.5 mL) can be recognized on CT, so it is not uncommonly 
encountered on CT images of patients with severe injury. 
Intracranial air may arise from the air cavities of the petrous 
bones but more commonly from breaches around the ethmoid 
roof, the sphenoid sinus, and, especially, the frontal sinus. 

FIGURE 5-32  Examples of pneumocephalus. A, Computed tomogram (part of the lateral scanogram) 
in a patient with an orbitoethmoidal injury showing bubbles of subarachnoid air (arrows) beneath the 
calvaria. B, Lateral skull radiograph in a patient with delayed pneumocephalus after repair of  fronto-
ethmoidal  injury. Notice  the aerocele  (A), air  in  the body and occipital horns of  the  lateral ventricles 
(arrows), and air in the subdural space (S). 

A
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FIGURE 5-33  Examples  of  pneumocephalus.  A,  Axial  computed  tomogram  (CT)  obtained  after 
orbitoethmoidal injury showing air in the subarachnoid space (white cursor mark) that is limited medially 
by the falx (unlike epidural air). The increase in density of the brain tissue immediately behind this air 
(arrows)  is  a  beam-hardening  artifact  and  should  not  be  mistaken  for  brain  contusion.  B,  Axial  CT 
obtained after an injury to the frontal sinus. Notice the thickened soft tissues in front of the sinus, fractur-
ing of anterior and posterior sinus walls (black arrows), and small collections of intracranial air (white 
arrows) caused by dural tearing. 

A B



89SPECIFIC PROBLEMS

can aid the radiologist (who may have limited information 
on the request form). Premature occlusion on one side may 
suggest a unilateral Le Fort I or dentoalveolar injury. An open 
anterior bite may suggest one of the Le Fort or condylar neck 
fractures.

dental Injury
Missing teeth and fractured teeth draw attention to areas of 
impact. Abnormal alignment of several adjacent teeth in the 
upper jaw may suggest the rotation of a dentoalveolar 
fragment.

COMPUTEd TOMOgRAPHIC EVALUATION

CT imaging provides a series of slices through the facial skel-
eton. Assessment requires analysis of each image, with its soft 
tissue and bony abnormalities, together with an ability to 
stack up these images to provide a 3-D image in the mind. 
Gentry et al. developed the concept of a series of horizontal, 
coronal, and sagittal struts or buttresses.29 These can be used 
to evaluate the CT images of patients with facial trauma (Box 
5-3). Such an approach allows for a more thorough assess-
ment of the CT images. With a few exceptions, these struts 
are best evaluated when the plane of the image slice is per-
pendicular to the strut plane.

Many of the specific changes described in relation to plain 
radiographs are also applicable to CT imaging (see Figs. 5-7, 
5-9, 5-10, and 5-25). However, CT is very sensitive to soft 
tissue changes, which are often not readily visible on plain 
films. CT may demonstrate changes in the position of the 
globe, show the relationship of extraocular muscles to bone 
shards and blowout fractures, accurately locate foreign bodies, 
and demonstrate lens rupture or dislocation. CT can demon-
strate hemorrhage at various intracranial sites, in the orbit, 
and in the globe (Fig. 5-34). It can identify fractures that 
would be difficult to see on plain radiographs, and it more 
accurately displays and localizes displaced bone fragments 
(Figs. 5-35 and 5-36; see Figs. 5-7, 5-9, 5-10). On the other 
hand, very thin walls located between structures of lower 
opacity may disappear on CT images because of partial 
voluming.

SPECIFIC PROBLEMS

dENTAL ANd dENTOALVEOLAR INjURY

Dental injury may involve the relationship of the tooth to its 
socket, the substance of the tooth itself, or the surrounding 
bone. There is, of course, a lot of overlap—an injury to a tooth 
may result in changes in all three of these features, and in 
major trauma it frequently does.

The following are the purposes of radiography in the acute 
phase of dental injury:

• To assess the physiological development of the root apex. 
If the root formation is incomplete—that is, there is a wide 
open and funnel-shaped canal with a developmental sac 
still evident—the young tooth has marked healing poten-
tial. With advanced root development, the canal is narrow 
and there is a greater likelihood of vascular damage and 
pulp necrosis.

BOX 5-3 Facial Struts

Horizontal Plane Struts
Superior

Orbital roof
Fovea ethmoidalis
Cribriform plates

Middle
Orbital floor
Zygomatic arch

Inferior
Hard palate
Alveolar ridge

Sagittal Plane Struts
Midline

Perpendicular plate of ethmoid
Vomer
Nasal septal cartilage

Parasagittal
Medial orbital walls
Medial walls of maxillary antra
Pterygoid plates

Lateral
Lateral orbital walls
Lateral walls of maxillary antra

Coronal Plane Struts
Anterior

Anterior wall of frontal sinus
Anterior walls of maxillary antra
Nasoethmoidal complex
Frontozygomatic buttress
Anterior maxillary alveolus

Posterior
Posterior walls of maxillary antra
Pterygoid plates

Adapted from Gentry LR, Manor WF, Turski PA, et al: High resolution computed tomographic 
analysis of facial struts in trauma. 1. Normal anatomy, AJR Am J Roentgenol 140:523-532, 
1983.

• To assess the size of the pulp and its relationship to the 
fracture. However, one should be aware that a fracture 
here may appear to involve the pulp when it does not.

• To identify the presence of a root fracture.
• To identify the presence of foreign bodies such as tooth 

fragments in the soft tissues.
• To identify the presence of alveolar bone fracture.
• To assess any other abnormalities in the area and the con-

dition of adjacent teeth.
• To obtain a baseline for prognosis.

FOREIgN BOdIES ANd MISSINg TEETH

general
Every effort must be made to locate missing teeth (Figs. 5-37 
and 5-38) and dentures, and all lacerations and penetrating 
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injuries must be suspected of harboring foreign bodies. In 
facial trauma, the most common foreign bodies are wind-
shield glass and road grit. Teeth and foreign bodies may be 
ingested, inhaled, or implanted into soft tissues; foreign 
bodies may also impale the patient.

Foreign bodies may implant anywhere, even at a great 
distance from the mucosal or skin breach. A very high index 
of suspicion must be maintained with any laceration in or 
around the eye, including the lids, and particularly in chil-
dren, who are often poor historians. Orbital roof penetration 
is a well-recognized injury and is all too often overlooked; the 
delayed results can be disastrous and can include CSF leak, 
orbital meningocele, meningitis, brain abscess, and death. CT 
should be considered in all suspicious cases, especially in 
children. Wooden objects are notorious for harboring organ-
isms and producing abscesses, and they can be very difficult 
to detect (see Fig. 5-34A). If the history is appropriate and the 

FIGURE 5-34  Orbital injuries. A, Coronal computed tomographic (CT) scan demonstrating hemor-
rhage  in  and around  the  right  inferior  rectus muscle  sheath  (arrow)  caused by penetrating  injury. A 
large wooden twig was removed but was not separately identifiable on the CT studies. B, Axial CT of 
the orbits. A posttraumatic, subperiosteal orbital hematoma is displacing the medial rectus muscle (arrow) 
and causing proptosis. 
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FIGURE 5-35  Axial computed  tomogram in a patient with malar 
and  maxillary  trauma,  part  of  a  more  extensive  injury,  showing  a 
fracture  of  the  lacrimal  duct  (white arrow)  and  sphenomalar  suture 
diastasis  (black arrow).  An  inferomedial  blowout  fracture  is  also 
evident (circle). 

FIGURE 5-36  Coronal  computed  tomogram  in  a  patient  with  a 
central, middle-third facial injury. A, Separation of the nasofrontal and 
nasomaxillary  sutures  (black arrows).  Fractures  of  the  nasal  septum 
(short white arrow), the nasal plate of the frontal process of the maxilla 
(arrowheads),  and  of  the  superior  orbital  rim  (long white arrow). 
B, A sphenoid  fracture  in  the same patient  involves  the  inferior part 
of  the  superior  orbital  fissure,  the  floor  of  the  middle  cranial  fossa 
(curved arrow), and  the  root of  the anterior clinoid process  (straight 
arrow). 

A
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even death occurring. Delayed removal (beyond 24 hours) is 
associated with increased morbidity and hospital stay: 
imaging should be expeditious. Ingested teeth are rarely a 
problem once they have entered the esophagus; they are 
usually passed without problem. Large ingested foreign 
bodies and dentures may present a problem; if stuck in the 
esophagus, they may perforate into the mediastinum. Some 
foreign bodies and many dentures are not radiopaque, and a 
contrast swallow examination with fluoroscopy may be 
needed to confirm their presence and locate them. This 
should be done as soon as possible; otherwise, edema around 
the impacted foreign body can make removal difficult and 
increases the likelihood of esophageal perforation.

Long impaled foreign bodies in the esophagus should be 
left in place until CT and, if appropriate, angiography have 
demonstrated their exact anatomical relationships and any 
underlying vascular damage. Sharp, elongated, or pointed 
objects longer than 10 cm (6 cm in children) that are lodged 
in the stomach should be considered for removal, as should 
blunt round objects larger than 2.5 cm, because they may fail 
to pass the pylorus.

Orbital Foreign Bodies
Foreign bodies in the orbit may be isolated, or they may occur 
as part of more widespread facial injury. They can be intra-
ocular or extraocular. Most extraocular intraorbital foreign 
bodies do not need removal except in special circumstances 
(e.g., organic material, impingement on the optic nerve). Pro-
jecting foreign bodies, whether intraocular or extraocular, 
require removal. Intraocular foreign bodies need removal 
because they can cause sympathetic ophthalmitis or prema-
ture cataract. Most intraocular foreign bodies that are clearly 
identifiable on ophthalmoscopy or slit-lamp examination do 
not require radiological imaging.

The purpose of imaging is twofold: to confirm that a 
foreign body is present and to demonstrate its approximate 
site. The methods used include plain radiography, special 
techniques (e.g., bone-free radiographs), ultrasonography, 
and CT. MRI should not be used in any patient who may have 
a metallic fragment in the orbit, because the magnetic field 
could displace the fragment and endanger sight; however, 
MRI has an important place in detecting wood fragments that 
have not been identified on CT. If the patient has undergone 
CT examination to assess facial or cranial fractures, that alone 
may provide all the information required, both to identify the 
presence of a foreign body in the orbit and to determine its 
exact location within the intraocular or extraocular compart-
ment. CT is particularly useful when there are multiple 
foreign bodies, but it is less accurate than ultrasound in dem-
onstrating intraocular damage.

If CT imaging is not otherwise being performed, the initial 
radiograph is a plain lateral view centered to the outer 
canthus, with the patient looking straight ahead. If no opaque 
foreign body is seen, then either no foreign body is present 
or it is a nonradiopaque foreign body requiring other imaging 
modalities to identify and locate it. If an opaque foreign body 
is seen, two views are taken: a PA projection with 35-degree 
elevation of the orbitomeatal line and a lateral view with a 
double exposure, one exposure in upward gaze and one in 
downward gaze. Those tiny fragments that lie in a very ante-
rior position may be demonstrable on bone-free radiographs. 
This technique involves placement of a dental film in the 

CT findings are negative, with no evidence of metallic foreign 
body, then MRI should be undertaken.

Avulsed teeth have been found implanted in the frontal 
sinus and as far away as the patient’s forearm. The most 
common site for teeth or tooth fragments to become 
implanted is in the oral soft tissues—the gingiva, the floor of 
mouth, and the lips and tongue—but they may be propelled 
into the nasal cavity, palate, or maxillary sinus. If careful 
examination of routine plain radiographs of the face does not 
reveal their whereabouts and there are oral or lip lacerations, 
a soft tissue lateral radiograph should be obtained. If the tooth 
is still unlocated, a PA chest radiograph, and in some cases a 
CT chest scan, should be obtained (see Fig. 5-38). Inhaled 
teeth are distinctly uncommon, but the consequences can be 
grievous, with lung collapse, pneumonia, lung abscess, or 

FIGURE 5-37  Missing dental fragment seen in the lower lip on a 
soft tissue lateral projection (arrow). 

FIGURE 5-38  Inhaled tooth. This chest radiograph in a young child 
demonstrates a molar tooth (arrow) in the left main bronchus. 
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As mentioned earlier, a sensible approach would be to 
perform a CT scan and, if no foreign body is demonstrated, 
to proceed to MRI if clinical suspicion remains.

PATHOLOgICAL FRACTURES

A pathological fracture is one that occurs in bone that has 
been weakened by disease. The disease process may be local, 
widespread, or generalized. When such a process is present, 
fracture may result from less force than would normally be 
expected. Indeed, fracture often occurs with normal physio-
logical loading (e.g., mastication) and sometimes spontane-
ously. Fracturing may occur during extirpation of teeth or 
during surgery for cysts (Fig. 5-39). The list of potential 
causes is as long as the list of diseases that weaken bone; it 
includes cysts, malignant tumors (primary or secondary), 
osteomyelitis, and osteoradionecrosis. Allied situations can 
also weaken bone (e.g., osseous implants). Developmental 
conditions such as ectopic teeth can also predispose to frac-
ture. The patient may be aware of the traumatic incident, but 
occasionally a patient presents with no more than deranged 
occlusion. Clinically, there may be less—or no—crepitus on 
movement and less pain than expected.

Recognition that the fracture is pathological is usually 
easy, there being a cyst or destructive lesion involving the 
bone or a clinical history of irradiation with related bone 
changes adjacent to the fracture. Occasionally, the problem is 
not be so obvious, particularly if the disease is generalized 
(e.g., myeloma). In the face, the mandible is by far the most 
common bone to be involved. Because the site of fracture is 
determined by the disease, the pattern and location are often 
atypical: Fractures of the body and ramus are more common. 
Once a pathological fracture is recognized, further head and 
neck imaging is unlikely to be helpful, other than to stage 
malignancy and assess operability.

INjURY TO SECRETORY  
gLANdS ANd THEIR dUCTS

Significant injury to the parotid gland is usually the result of 
penetrating injury and of itself does not usually require 

inner canthus, with a central ray directed just behind the 
outer canthus to include as much of the globe (and lids) as 
possible.

Such simple views may provide all the information 
required. If further detail regarding the exact location of an 
intraocular foreign body is needed, then some special local-
izing technique is required. In these circumstances, the most 
appropriate imaging modality is ultrasonography. Extremely 
tiny (<0.3 mm) foreign bodies may not be visible with stan-
dard radiographic methods, and ultrasound is better, although 
CT is preferred for extraocular intraorbital foreign bodies.

Projectile extraocular metallic or glass foreign bodies 
located posterior to the equator are associated with a higher 
likelihood of ocular injury, but most do not need removal 
unless they are compromising the optic nerve (or unless it is 
done incidentally along with some other necessary surgical 
procedure). Anterior extraocular metallic or glass foreign 
bodies do not require imaging if they are clinically palpable, 
the history is reliable, and the eye examination is normal. CT 
should be considered if a ruptured globe is suspected, the 
foreign body is not palpable, there are significant ocular find-
ings, the patient is a poor historian, or there is a possibility 
of multiple foreign bodies.

Organic matter such as wood or cotton incites an inflam-
matory reaction and can lead to a fungal cellulitis. In children 
especially, there may be no history of injury and little in the 
way of any physical evidence. The most common site is the 
superior orbit, and foreign body material in that site may lead 
to abnormal extraocular motility, proptosis, ptosis, acute cel-
lulitis, and even osteomyelitis. Again especially in children, 
there is a risk that the injury may be orbitocranial, and this 
carries a high rate of mortality if unrecognized. Ultrasonog-
raphy is helpful in assessing the globe but not elsewhere in 
the orbit. CT is probably the best modality. However, the 
appearance of organic matter on CT varies considerably: 
Wood may have densities ranging between −550 (pine) and 
+289 (ebony) Hounsfield units, with dry wood looking like 
air and green wood being isodense to orbital fat or even 
muscle.30

CT cannot be used to exclude organic material, because it 
correctly identifies the foreign body in only about half of all 
cases. CT does show well such secondary effects as abscess, 
osteomyelitis, periosteal thickening, optic nerve changes, and 
any fractures or intracranial damage. Success with MRI is also 
variable. Dry wood is hypointense to fat on T1 and T2 weight-
ing, mimicking bone fragments and air. Green wood, which 
has a higher water content, is hypointense or isointense to fat 
on T1 and T2 weighting. The surroundings of the foreign 
body may enhance after contrast administration, and also 
some surrounding hyperintensity may be seen on T2 weight-
ing. Plastic is seen variably on CT; like wood, it can be con-
fused with air. It is more readily apparent on MRI, which 
demonstrates a signal void.31

MRI identification of the foreign body is somewhat better 
than what is possible with CT, but CT’s added advantage in 
assessing bone and its ability to exclude metal (contraindi-
cated with MRI) make it the first choice. The history and a 
high degree of suspicion are most important, and even if 
imaging is unhelpful, exploration may be necessary. Explora-
tion without adequate imaging, however, courts disaster, 
because additional foreign body fragments and even an intra-
cranial foreign body and intracranial damage may be missed. 

FIGURE 5-39  Pathological  fracture.  A  fracture  (arrow)  occurred 
after surgery for a dentigerous cyst (c). 
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UPPER-THIRd FACIAL INjURIES

Upper-third injuries have more scope for disaster than any-
where else in the face. The upper third of the face comprises 
the frontal bone, which contains the frontal sinuses. These 
sinuses are undeveloped in early childhood and may remain 
so in a few adults. They are extremely variable, may show 
marked asymmetry, and may have extensions out to the 
external angular process and back along the orbital roof  
into the lesser wing of the sphenoid bone. These structures 
have an intimate relationship to the orbital contents and the 
brain. The lateral part of the frontal bone is exceptionally 
strong, but fracturing of the external angular process may 
occur, sometimes in association with a malar injury. Experi-
ments with holographic interferometry show that supraor-
bital ridge loading causes stress in the form of surface 
perturbations in the orbital roof, some 5 to 8 mm in front of 
the optic foramen.32 Blows to this part of the frontal bone are 
particularly associated with the onset of blindness (a fact 
noted by Hippocrates). Often, little is found on imaging, not 
even a local fracture, but isolated orbital roof fractures may 
be seen (Fig. 5-41), and in the very young these are more 
common than orbital floor fractures. Occasionally, ill-defined 
hemorrhage or a subperiosteal hematoma is identified close 
to the orbital apex.

Most orbital roof fractures extend to the orbital rim. The 
dura over the roof is thin and firmly attached, so dural tearing 
is common. However, because the frontal sinus may extend 
along the roof, not all roof fractures involve dura. When dura 
is torn, the usual problems arise: CSF may leak into the  
orbit, and large defects (greater than 1 to 1.5 cm) may allow 
dural herniation and pulsating exophthalmos. In addition, 

imaging. Stensen’s duct and the major duct tributaries are 
most at risk. Sialography can be of some help in suspected 
cases by identifying and locating any disruption of the duct 
(Fig. 5-40). Injury to the other salivary ducts rarely requires 
imaging, except in late cases with stenosis.

Injury to the lacrimal drainage pathways is a fairly common 
sequela to severe fractures in the naso-orbitoethmoidal 
region. Injury may be direct, from laceration or penetration, 
or a result of shearing fractures in the bony canal. Imaging 
has a part to play in recognizing fractures of the bony canal 
and later in assessment of the lumen of the drainage appara-
tus. Fractures involving the bony canal are best identified on 
CT imaging with the use of bony windows (see Fig. 5-35). 
Fractures of the nasolacrimal fossa are usually avulsions of an 
intact fossa, comminution of the fossa itself being less fre-
quent, although extensive comminution can occur in the sur-
rounding bone. In contrast, most fractures involving the 
canal are comminuted, and especially so in the inferior canal. 
An important point to note on CT images of the nasolacrimal 
duct is that they are opaque in most normal people but can 
be aerated; no significance can be attached to this even if one 
side is aerated and the other opaque.

Dacryocystography is used to assess the lumen of the 
nasolacrimal canaliculi, sac, and duct; it involves introduc-
tion of contrast medium via the lower canaliculus, although 
the upper canaliculus (or, rarely, both canaliculi) may be 
used. Such dacryocystography is recorded by plain radiogra-
phy or from fluoroscopy, but CT has been used by some 
workers. Unless repeated attacks of dacryocystitis have 
occurred, the majority of lesions will be found either at the 
bony ring or in the canal, rather than the sac, which usually 
escapes injury.

FIGURE 5-40  Parotid sialogram showing duct trauma. A, Lateral oblique projection. B, Posteroan-
terior projection. The patient fell through a plate glass door and developed swelling, having been sutured 
elsewhere. There is a laceration of a primary duct tributary (long arrow) with spurting of contrast medium 
(short arrows) into a large traumatic sialocele. Note the contrast puddling in the sialocele (s). 
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intraorbital hemorrhage or bone spicules may affect the 
action of extraocular muscles, including the levator 
apparatus.

Fractures of the frontal sinus may involve the anterior wall, 
the posterior wall, or the nasofrontal duct. Undisplaced frac-
tures of the anterior wall require stabilization only if there are 
other adjacent fragments. Displaced fractures of the anterior 
wall are more common (Fig. 5-42) and require treatment, 
both for cosmetic reasons and because bone fragments or 
mucosal tears may block the nasofrontal duct and lead to 
mucocele or pyocele formation. Clear visualization of the 
nasofrontal duct is not always possible on imaging, but any 
injury in this area should be regarded as compromising 
frontal sinus drainage. Combined anterior and posterior wall 
fractures almost always involve the duct, unless the fracture 
is laterally placed. If the posterior wall is intact but the naso-
frontal duct is involved or at risk, the sinus needs to be oblit-
erated. It is essential to recognize and report the extent of 
pneumatization of the frontal sinus: If locules in the orbital 
roof or far laterally are not obliterated, mucocele and pyocele 
are likely to result (Fig. 5-43). Fractures of the posterior wall 
may involve the dura, leading to CSF leak. This is most likely 
if the fracture is displaced or comminuted. Undisplaced 

FIGURE 5-41  Coronal computed  tomogram in a child with an isolated orbital  roof  fracture. Clini-
cally, the patient was thought to have an orbital floor fracture because there was limitation of upward 
gaze with diplopia. A,  Bone window  setting  shows an  isolated  fracture of  the orbital  roof  (arrows). 
B,  Soft  tissue window  setting at  the  same  level  shows  intracranial  hemorrhage  (c)  and  subperiosteal 
hemorrhage at the orbital roof (o). The orbital floor and the superior orbital rim are intact. 

c

o

A B

FIGURE 5-42  Frontal  sinus  injury  seen  on  an  axial  computed 
tomographic scan. There is a depressed fracture of  the anterior wall 
of the frontal sinus (arrow). 

fractures with no evidence of CSF leak may be treated as 
described previously, but otherwise the sinus needs to be 
cranialized. Good imaging and accurate assessment are 
essential.

Plain films (modified Caldwell’s and lateral views), 
although useful for initial scout imaging, are notoriously 
unreliable and difficult to interpret. Some significant  
and severe injuries can be almost impossible to see. This is, 
in part, due to the curvature of the anterior and posterior 
walls of the frontal sinus: Only small portions of these walls 
are tangent to the x-ray beam. Additionally, apart from  
recognizing pneumocephalus, plain radiographs will not 
allow assessment of underlying soft tissues such as brain, 
meninges, and orbital contents. For this reason, CT is virtu-
ally mandatory.

dURAL TEARINg ANd  
CEREBROSPINAL FLUId LEAK

Severe blunt trauma or penetrating injury may breach the 
dura. CSF leak and pneumocephalus are the potential conse-
quences, and they lead in turn to infection (e.g., meningitis) 
or, if brain tissue is involved, to abscess formation. Pneumo-
cephalus has already been described, but the two conditions 
commonly coexist, although they may not be apparent at the 
same time. Fractures of the ethmoid and sphenoid sinuses 
with dural tearing and CSF leak commonly occur with Le 
Fort II, Le Fort III, and naso-orbitoethmoidal fractures, but 
the CSF leak in these cases is usually short-lived and ceases 
with fracture reduction and fixation. Leaks persists in only a 
few cases, and only those that persist for longer than 2 weeks, 
are recurrent or delayed, exhibit expanding pneumocephalus, 
or develop meningitis require detailed investigation. Recur-
rence can be delayed for decades.

The most common site of persistent CSF leaks is the frontal 
sinus. In patients with acute trauma to this sinus, CT is virtu-
ally mandatory, because plain films are notoriously unreliable 
in demonstrating fractures of the posterior table, let alone the 
commonly occurring coexistent intracranial damage. Wide 
fracture separation or displacement of fragments greater than 



95SPECIFIC PROBLEMS

FIGURE 5-43  Coronal computed tomogram (CT) of a patient with a frontal sinus mucopyocele. There 
was a previous fracture with incomplete obliteration and bone chips. A, A far left loculus (white arrow) 
was left uncleared and unfilled, as was a right-sided loculus (B) which drained to the left (black arrow). 
Eighteen months later, CT shows that these loculi have filled with pus, bone erosion is taking place, and 
the bone chips are being resorbed. 
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the thickness of the posterior table implies dural tearing; 
these signs should be sought on the CT images of patients 
with acute trauma. Rarely, CSF enters the orbit, forming a 
cyst, or, even more rarely, it leaks into the conjunctiva (orbi-
torrhea) and manifests similarly to epiphora.

Considerable ingenuity has been expended in developing 
tests to prove that leaking fluid is CSF and to locate the dural 
breach. Most of the location methods used in the past were 
superseded by the introduction of iodinated contrast media 
in the intrathecal space during CT (CT cisternography). This 
method is now rarely used because of the risks inherent in 
introducing such material into the CSF; moreover, as with 
almost all of the other methods, it is reliable only if the CSF 
is actively leaking at the time of the study. More recently, 
Lloyd et al.33 showed that, with improvements in CT technol-
ogy, high-definition CT is all that is required to demonstrate 
accurately the site of the leak (Fig. 5-44); this method does 
not depend on the presence of an active CSF leak at the time 
of the investigation. In their series, persistent bone defects 
were identified, and they were almost always accompanied by 
some soft tissue opacification in the adjacent sinus and, in 
about one quarter of the cases, by pneumocephalus.

However, the use of CT with or without intrathecal con-
trast media still exposes the patient to ionizing radiation. 
MRI avoids both radiation exposure and the injection of con-
trast medium. In 1994, el Gammal and Brooks,34 as well as El 
Jamel et al.,35 demonstrated that magnetic resonance cister-
nography provided an important alternative. CSF gives a high 
signal on T2-weighted images, providing its own contrast 
(Fig. 5-45). MRI can also display intracranial anatomy and 
trauma pathology in great detail, and images can readily be 
obtained in any plane.

The choice of modality remains controversial. Hegarty and 
Millar,36 in 1997, looked at a control group having MRI for 
temporal lobe epilepsy and found that 42% fulfilled the cri-
teria for diagnosis of CSF fistula! However, the year before 
their report, Stafford-Johnson et al.37 published a study of 24 

FIGURE 5-44  Coronal computed tomogram showing a cerebrospi-
nal fluid leak into the sinuses (c). The floor of the anterior cranial fossa 
is fractured (black arrow). Notice also the fractures of the orbital floor, 
lateral  orbital  wall,  and  malar  arch  (white arrows).  There  is  a  fluid 
level in the antrum. 
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patients with CSF leaks and found the technique to be 100% 
reliable in identifying the site of leak (i.e., all were confirmed 
at surgery). High-resolution CT has a high incidence of false-
positive findings, especially in the region of the cribriform 
plate. Both modalities may be helpful, but CT is likely to be 
used in most centers because it is faster and more widely 
available. Nevertheless, MRI should be considered if CT 
results are equivocal or unhelpful. Furthermore, MRI is the 
procedure of choice in evaluation of the rarer consequences 
of dural tearing, namely meningocele and encephalocele. 
These may present clinically with pulsating exophthalmos or 
hypoglobus (if through the orbital roof), as a soft tissue mass 
in the nasal cavity, or as soft tissue opacification of the frontal 
and ethmoid sinuses on plain radiographs.
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The hemorrhage or air in such circumstances may be ret-
robulbar and within the fat or subperiosteal. Subperiosteal 
hemorrhage is more common in the young and is most often 
situated at the orbital roof. It is usually less of a problem, 
because the subperiosteal space is continuous with the prese-
ptal space, and it becomes a problem only if the collection is 
very large or is directly compressing the optic nerve.

The cardinal clinical signs of acute retrobulbar hemor-
rhage causing a compartment syndrome are pain, progression 
of increasing proptosis, and decreasing visual acuity (leading 
to blindness). Signs indicating that active treatment is required 
are decreasing visual acuity and loss or impairment of the 
afferent pupillary reflex.

Tension pneumo-orbitism is exceedingly rare, but it mani-
fests with clinical findings that are very similar to those of 
acute retrobulbar hemorrhage (Fig. 5-47). Preseptal air is 

FIGURE 5-45  Magnetic resonance image showing a cerebrospinal 
fluid  (CSF)  leak.  T2-weighted  coronal  (A)  and  axial  (B)  reconstruc-
tions. A, High-signal (white) CSF is seen leaking through a dural tear 
in the tegmen on the coronal study. The CSF fills the middle ear cavity 
(white arrows), surrounding the ossicles (black signal void). B, CSF is 
seen  in  the  mastoid  air  cells  (long arrow),  in  the  middle  ear  cavity 
(large short arrow), and escaping through the tympanic membrane to 
pool in the scaphoid fossa of the pinna and drip off the helix margin 
(small short arrows). (b = brain stem, c = cerebellum) 
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FIGURE 5-46  Coronal  computed  tomogram  of  the  orbits  in  a 
patient who sustained blowout fractures and intraorbital hemorrhage 
(left/right orientation is reversed). Notice the fluid level in the maxillary 
antrum  and  opacification  of  the  ethmoidal  air  cells  on  the  affected 
side. There are medial wall, and orbital floor blowout fractures (white 
arrows).  There  is  a  patchy  increase  in  density  within  the  orbital  fat 
caused  by  widespread  hemorrhage  and  edema.  The  inferior  and 
medial rectus muscles are displaced downward (black arrows) on the 
affected side compared with  the normal  side, and  there  is apparent 
elongation  of  the  cross-sectional  image  of  the  medial  rectus.  These 
changes are caused by septal tethering. 

FIGURE 5-47  Axial computed tomogram in a patient with tension 
pneumo-orbitism. There is extensive air in the postseptal space as well 
as  the  preseptal  space.  (Courtesy of P. Ayliffe, University College 
Hospital, London.)

COMPARTMENT SYNdROMES

Acute Compartment Syndromes
The acute compartment syndromes comprise acute retrobul-
bar hemorrhage and tension pneumo-orbitism. Some degree 
of retrobulbar hemorrhage is common in orbital trauma and 
is recognizable on CT imaging as patchy areas of increased 
attenuation (Fig. 5-46). Most of these collections probably 
decompress, either because of the increased orbital capacity 
that occurs with coexistent blowout injury or through 
breaches into the sinuses. In other cases, hemorrhage is too 
small to be of significance to vision. Cadaver experiments in 
the young show that the orbital septum can withstand pres-
sures between 70 and 100 mm Hg (rarely as high as 
120 mm Hg) before rupture. In the elderly, the septum is 
weaker, and as little as 10 to 15 mm Hg of pressure may be 
enough to cause rupture.38 Nose blowing can cause intranasal 
pressures as high as 114 mm Hg. If there is a wall defect in 
the orbit, air can be transmitted into the orbit at these high 
pressures, and with a valve mechanism, the air can remain 
trapped there. Similarly, bleeding into the orbit can produce 
high pressures. Retinal vessels and the optic nerve cannot 
withstand pressures of 65 to 70 mm Hg for long, and blind-
ness may ensue. Higher pressures also cause central retinal 
artery occlusion, with irreversible damage.



97SPECIFIC PROBLEMS

volume. In 11 patients scanned more than 20 days after  
injury and 25 patients scanned within 20 days of injury, 
enophthalmos was less marked than would be predicted  
from orbital volume expansion when enophthalmus was 
measured within 20 days (due, no doubt, to hemorrhage and 
edema), but after 20 days, resolution of edema and hemor-
rhage permitted a good correlation between orbital volume 
expansion and the degree of enophthalmos, each 1 mL of 
increase in orbital volume corresponding to 0.8 mm enoph-
thalmos. The authors suggested that orbital volume can be 
measured early by CT and that this will allow prediction of 
the expected final degree of enophthalmos, leading to appro-
priate early surgery.

In some patients, detailed imaging is not needed, other 
than that demanded to evaluate additional problems (e.g., 
diplopia) and to provide information about the integrity of 
the medial wall. However, many patients require volume-
changing surgery. Detailed preoperative assessment of such 
cases is best provided by 3-D CT volumetric analysis, ideally 
with the use of a spiral (helical) technique. Volume changes 
can then be measured and their location identified, and 
models can be generated with the use of computerized 
milling, allowing more accurate placement and volume of 
implant material.

never vision threatening. Air behind the globe is almost 
always innocuous and self-limited, with most of the intraor-
bital air resorbing within a few days to 1 week. However, there 
are enough cases in the literature to warrant a more cautious 
attitude.

Hunts et al.39 suggested classifying orbital emphysema into 
four groups:

• Stage I: No proptosis/dystopia, no loss of vision, no 
increase in intraocular pressure, no central retinal artery 
occlusion

• Stage II: As in stage I, except proptosis/dystopia is  
present

• Stage III: Proptosis/dystopia is present, there is loss of 
vision, and there is a possible rise in intraocular pressure; 
no central retinal artery occlusion

• Stage IV: All of the above signs are positive, including 
central retinal artery occlusion

They suggested imaging as follows.
Stage I is common, and no special imaging is required; it 

is recognized radiologically. Stage II requires CT to rule out 
other intraorbital lesions. Stage III requires emergency CT, if 
available, to localize air and allow needle aspiration. Stage IV 
(suggested by no light perception) requires rapid orbital 
decompression, which should not be delayed by acquiring 
further images. However, the use of CT in stage III with loss 
of vision is debatable in this system.

The onset of blindness in acute compartment syndromes 
can be extremely rapid. Although these conditions are iden-
tifiable on CT, as a general rule no imaging should take place, 
because it merely prolongs the time to treatment and risks the 
blindness becoming permanent. Such cases require either 
immediate needle aspiration (if air is the cause) or a lateral 
cantholysis and canthotomy under local anesthesia in the 
emergency department. Only if these measures are unhelpful 
should CT be considered (to identify and locate the blood  
or air).

Chronic Compartment Syndromes
Chronic compartment syndromes occur very slowly, and 
manifestation may be delayed. They include hematocysts, 
posttraumatic cholesterol cysts, chronic abscess formation 
around foreign bodies, CSF cysts, meningoceles, encephalo-
celes, and posttraumatic frontal sinus mucoceles. Most are 
distinctly rare. They almost invariably cause dystopia—
usually proptosis, sometimes hypoglobus, and occasionally 
other or mixed forms. They may also cause diplopia. When a 
chronic compartment syndrome is associated with a breach 
in the orbital roof, there may be a pulsating exophthalmos, 
which needs to be differentiated from the pulsating exoph-
thalmos of a posttraumatic caroticocavernous fistula. CT is 
the usual method of investigation and is satisfactory; however, 
if it is not otherwise precluded, MRI is now the imaging 
modality of choice.

ENOPHTHALMOS

That posttraumatic enophthalmos (Fig. 5-48) is caused by 
orbital volume expansion has been repeatedly confirmed by 
CT imaging. Whitehouse et al.40 attempted to predict the 
final degree of enophthalmos using CT to measure orbital 

FIGURE 5-48  Orbital  enlargement  leading  to  enophthalmos. 
A, Axial computed tomogram (CT) with medial wall blowout fracture. 
Patchy hemorrhage in the orbital fat is not as obvious as on the coronal 
image. There is preseptal swelling and very slight proptosis. B, Axial 
CT obtained as part of a 3-D volumetric study 9 months after  injury. 
Notice again  the medial wall displacement.  The edema and hemor-
rhage have resolved, and the patient has become slightly enophthal-
mic.  The  medial  rectus  muscle  on  the  affected  side  appears  slack 
(arrow) when compared with the opposite side. 
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diplopia was even greater in such cases than in patients with 
combined medial and floor injury.42

Large blowout (hammock-type) fractures, whether pure or 
impure (i.e., involving the orbital rim), are less likely to cause 
problems with orbital tissue tethering than the smaller ones 
(Fig. 5-50). In children and young adults, smaller fractures, 
particularly of the trapdoor type, are more common. Because 
of the greater elasticity of bone, they can be of greater clinical 
importance, despite being small, because incarceration and 
strangulation of even small amounts of prolapsed orbital 
tissue (not necessarily muscle) causes severe limitation in eye 
movement.

de Man et al.43 recommended surgery as soon as possible 
in such cases. They described 15 patients younger than 15 
years of age, almost all of whom had linear, closed trapdoor 
fractures, different from the open trapdoor or hammock-type 
fractures seen in older patients. These children had unequivo-
cal forced duction tests, did not improve with conservative 
management, and required early surgery. Anderson and 
Poole,44 in discussing two patients younger than 8 years old, 
emphasized the immature morphology of the antrum and 
orbit but pointed out that this did not prevent escape of 
orbital contents. Using logistic regression, Koltai et al.45 dem-
onstrated that the age at which the probability of lower orbital 
fracture exceeded that of orbital roof fracture was 7.1 years, 
noting that very young patients were more likely to have a 
roof fracture. In 1999, Cope et al.46 reported on 45 patients 
and commented that such cases of floor fracture were 

BLOWOUT ANd BLOW-IN FRACTURES

Blowout Fractures
In patients with suspected blowout fractures (Fig. 5-49; see 
Figs. 5-2, 5-10, 5-46, and 5-48), three main questions have to 
be addressed by imaging:

1. Is a fracture present?
2. What is its effect?
3. If present, how extensive (how far posterior) is it?

Imaging in the initial stages has little part to play in the 
direct investigation of these disorders. In an article on the role 
of plain radiography in the management of suspected orbital 
blowout fractures, 100 consecutive patients were reviewed.41 
The plain films made no difference to patient management, 
the decision to operate being guided exclusively by clinical 
criteria. It was recommended that (1) patients in whom a 
competent clinician finds no direct evidence of an orbital 
fracture (orbital emphysema, enophthalmos, decreased infra-
orbital sensation, deformity, pseudoptosis, or certain types of 
eye movement disturbance) should not undergo plain radi-
ography; (2) patients with minor degrees of these signs and 
symptoms should be given a follow-up clinical appointment, 
a request form and instructions to present for CT imaging 
after a given interval, or a delayed appointment for CT with 
the appointment being cancelled or the form torn up if the 
symptoms improve over a period to be determined by the 
clinician; and finally (3) patients who are found to have 3 mm  
or more of enophthalmos or diplopia (or both) strongly  
suggestive of orbital tissue entrapment or prolapse and those 
who have signs of a major or symptomatic fracture should  
be directly referred for CT. The authors made the point that 
all patients with diplopia should have formal orthoptic 
assessment.

In the adult, most small orbital floor blowout fractures are 
rather posteriorly situated, in the thinnest portion of the 
orbital floor, medial to the infraorbital groove and anterior to 
the inferior orbital fissure. An important aspect of imaging is 
the delineation of the posterior extent of the fracture. In one 
series, 95% of patients with diplopia persisting 6 months 
postoperatively had fractures extending more than 2 cm pos-
terior to the orbital rim. The risk of such postoperative 

FIGURE 5-49  Blowout fracture of the right orbital floor seen on an 
occipitomental  projection.  Notice  the  soft  tissue  herniation  (arrow-
heads) and displaced bone fragments (arrow). Soft tissue swelling of 
the cheek is also present. 

FIGURE 5-50  Tiny blowout  fracture  in a child. A, Coronal  com-
puted tomogram showing a tiny amount of soft tissue below the orbital 
floor (arrow). No fracture can be reliably identified. B, Sagittal mag-
netic resonance image (STIR setting) showing high signal crossing the 
orbital floor (arrow). At surgery, a minute (5-mm), undisplaced linear 
fracture was identified tethering the orbital septal apparatus. 
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hemorrhage, but displacement can sometimes be inferred by 
the absence of a muscle from its usual position.

Blow-In Fractures
Blow-in fractures are common at the orbital roof. A high 
index of suspicion should be entertained, especially in chil-
dren or in the presence of ptosis, which is evidence of restric-
tion to the superior rectus muscle or hematoma confined to 
the upper lid. Bone fragments may involve not only the supe-
rior rectus and levator muscles but also the superior division 
of the oculomotor nerve. CSF may leak, and meningoceles 
and encephaloceles may cause proptosis (sometimes pulsat-
ing). Blow-in fractures also occur at the orbital floor due to 
buckling, again especially in children, and also at the medial 
wall in association with severe naso-orbitoethmoidal frac-
tures (Fig. 5-52). If roof and floor blow-in fractures are sus-
pected, coronal CT is the best projection; with medial wall 
fractures, axial or coronal CT is satisfactory.

especially rare before 8 years of age; children up to the age of 
9 years were more likely to have small defects in the anterior 
orbital floor, which were of a linear trapdoor type, and more 
than half of these patients had persistent diplopia. From the 
age of 13 to 15 years, the fractures were more likely to be of 
an open-door type, and fewer than one third of the patients 
had persistent diplopia.

In 1998, Jordan et al.47 pointed out that young patients 
may not exhibit all the usual signs. They described 20 patients 
who had no ecchymosis or edema but had marked motility 
restriction in up and down gaze. They termed this condition 
the white-eyed blowout fracture. In these patients, there was 
very minimal evidence of floor disruption on imaging, with 
CT showing a small crack in the floor or a small trapdoor 
defect with little bone displacement; some patients had a very 
small degree of tissue hematoma (teardrop sign). In this 
group, those having a 2- to 3-week wait for surgery had 
slower, and in some cases incomplete, resolution of gaze 
restriction. The authors, therefore, also recommended that 
surgery be done early, within 2 to 4 days after the injury.

Although plain films should not be requested to assess 
blowout fractures, it is reasonable to obtain plain radiographs 
in patients with clinically suspected orbital rim fractures, and 
this may reveal a blowout fracture (see Figs. 5-2 and 5-29). 
Although some authors claim a high degree of accuracy in 
diagnosing orbital floor blowout fractures with the use of 
plain radiography,48 reports vary considerably. Furthermore, 
in most patients, diplopia resolves without intervention, not 
being caused by tethering. Selection for imaging, therefore, is 
based on clinical criteria and, in adults, on the evolution of 
signs and symptoms. In any event, few surgeons would be 
happy operating without the additional information available 
from CT.

Both CT and MRI may be used to address the questions 
posed at the beginning of this section. CT has the advantage 
of delineating the skeletal tissues more effectively than MRI, 
and in any event, it is frequently indicated for other concomi-
tant facial injury outside the orbit. MRI, on the other hand, 
is more sensitive in assessing the soft tissue components, such 
as the orbital fat and its displacement; also, alternative imaging 
planes are easier to achieve with MRI.

CT imaging (Fig. 5-51; see Figs. 5-9, 5-46, and 5-50) is best 
done in the coronal position, because this displays the floor 
(where most injuries occur) better than the axial position, 
and it displays the medial wall as well as the axial position 
does. Coronal imaging can be done with the patient prone 
and the neck extended, supine with hyperflexion of the neck, 
supine with extension of the neck into the “hanging head” 
position, or by reconstruction from axial imaging. The first 
two methods are preferable because they place antral blood 
and fluid inferiorly, allowing more accurate assessment of soft 
tissue changes in the upper antrum.

All of the signs seen on plain radiographs may be evident 
on CT, and in addition, further important information is 
acquired regarding the position of the extraocular muscles 
relative to the fracture and the presence of hemorrhage and 
bone spicules. The coronal scans alone may provide adequate 
information, but direct sagittal images or sagittal reconstruc-
tions, in selected cases, may display the posterior extent of an 
orbital floor fracture and its relationship to the inferior rectus 
in a more readily appreciated way. On CT images, muscle can 
be difficult to see if there is much surrounding edema and 

FIGURE 5-51  Orbital blowout fractures. A, Axial computed tomo-
graphic (CT) image showing preseptal soft tissue swelling with vitreal 
hemorrhage (white arrow), and a medial, orbital wall blowout fracture 
(black arrow). B, Coronal CT  image of  the  same patient.  There are 
further  blowout  fractures  of  the  orbital  roof  and  floor.  Notice  the 
opaque maxillary antrum and ethmoidal  air  cells  and  the air  in  the 
cranium  (black arrow), orbit, and  soft  tissues.  There are  fractures of 
the medial orbital wall and the orbital floor with depression of  these 
walls (white arrows). The base of the external angular process of the 
frontal bone and  the  roof of  the orbit are  fractured with cranial dis-
placement  of  the  medial  segment  of  the  roof.  The  orbital  volume 
increase is obvious. 
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ankylosis) or because of a severe upper dorsal kyphosis or 
gibbus deformity. In such patients, the inability to elevate the 
orbitomeatal baseline can be compensated by an equivalent 
caudal tilt of the central ray. Severe degrees of tube tilt produce 
greater distortion, but this is usually acceptable.

Posteroanterior versus Anteroposterior
This terminology refers to the direction of the path taken by 
the x-ray beam. In the posteroanterior (PA) projection, the 
tube is posterior to the patient and the beam passes from back 
to front; in the anteroposterior (AP) projection, the reverse 
is true. In cases of facial trauma, frontal films should always 
be done in the PA projection, never the AP.

In the AP projection, on both Caldwell’s or other occipi-
tofrontal views, the lateral orbital margins can be superim-
posed over (and obscured by) the parietal and temporal 
bones, when these latter bones are seen in tangent. Similarly, 
on the AP Waters’ and occipitomental group of views, includ-
ing the occipitomental 30-degree view, both the lateral orbital 
margins and the zygomatic arches can be superimposed over 
the margins of the calvaria. Furthermore, there is a signifi-
cantly higher radiation dose to the lens of the eye with AP 
than with PA projections. Finally, geometric sharpness is 
greatest in those anatomical parts closest to the film, which 
in a PA projection would be the face.

Imaging should always be delayed until the patient can 
cooperate with the radiographer to provide PA views.

PROjECTIONS FOR THE MIddLE ANd UPPER 
THIRdS OF THE FACE

The Occipitofrontal 15- to 20-degree 
(Caldwell’s) Projection
Caldwell’s view is equivalent to an elevation of 15 to 20 
degrees (standard, 17 degrees) in the orbitomeatal baseline, 
the glabellomeatal line used by Caldwell and the orbitomeatal 
line being about 8 degrees apart from one another. This view 
projects the petrous bones over the lower one quarter to one 
third of the orbit. It should be remembered that this view was 
designed for sinus imaging rather than trauma. For this 
reason, a modification is recommended: the occipitofrontal 
25-degree projection or modified Caldwell’s view.

The Occipitofrontal 25-degree (Modified 
Caldwell’s) Projection
With the orbitomeatal baseline horizontal (i.e., perpendicular 
to the film plane), the central ray is angled 25 degrees caudad, 
with a possible variation in some individuals of 26 or 27 
degrees. The advantage of this view is that it provides good 
visualization of the orbital floor (projecting the petrous bones 
just below the orbit).

Waters’ Projection
This projection was described by Waters and Waldron as a 
modification of the occipitofrontal positions and is designed 
to obtain a better view of the maxillary antra while retaining 
a view of the frontal and ethmoidal sinuses. The orbitomeatal 
baseline elevation (or tube depression) should be 37 degrees. 
This tilt will usually project the petrous bone over the inferior 
portion of the antra, obscuring it. Occasionally, the same 
problem occurs with the true occipitomental position  

RAdIOgRAPHY OF FACIAL INjURIES

dEFINITIONS

Orbitomeatal Baseline (Radiographic Baseline, 
Tragocanthal Line, Canthomeatal Line)
This line passes from the outer canthus of the eye to the 
middle of the external auditory meatus. The line projected 
forward passes through the nasion (which is helpful when the 
canthus reference point is uncertain). It is this line that is 
most often used in facial radiography.

Anthropological Baseline (Anatomical  
Baseline, Reid’s Baseline, Line of Frankfurter)
This line passes from the infraorbital point to the superior 
border of the external auditory meatus. The orbitomeatal and 
anthropological baselines are approximately 10 to 12 degrees 
from each other.

glabellomeatal Line
This line passes from the center of the external auditory 
meatus to the center of the glabella and makes an angle of 
about 15 degrees to the orbitomeatal line.

Sagittal Plane
A sagittal plane is any plane parallel to the median sagittal 
plane. The median sagittal plane is a vertical plane that divides 
the skull into left and right halves.

Coronal Plane
A coronal plane is any plane parallel to the meatal (or auricu-
lar) plane. The meatal plane is perpendicular to the anthro-
pological baseline and passes through the external auditory 
meati.

Tube Angulation versus Orbitomeatal  
Line Elevation
Neck extension may be impossible because of concurrent 
spinal injury or preexisting disease (e.g., osteoarthrosis, 

FIGURE 5-52  Blow-in fractures seen on a computed tomographic 
image of a patient who sustained a severe naso-orbitoethmoidal frac-
ture.  Both  medial  orbital  walls  have  become  displaced  laterally, 
bulging into the orbital cavities (white arrows) as a result of the severe 
concertina effect of the primary injury. Notice the air in the right orbit 
(curved arrow). There  is a bone  fragment  in  the  left orbit which has 
displaced below the superior oblique muscle (black arrow). 
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ray is directed down 45 degrees to the film plane, centering 
to the anterior nasal spine. This view is occasionally useful to 
assess the palate, although palatal fractures are usually either 
clinically obvious or best demonstrated by CT scanning.

PROjECTIONS FOR THE  
LOWER THIRd OF THE FACE

Posteroanterior Projection of the Mandible
The PA mandible projection is standard and is performed as 
part of most mandibular trauma series, whether it be two 
views (PA mandible and OPG), three views (PA mandible and 
two lateral obliques) or five views (PA mandible, two rotated 
PA views, and two lateral obliques). For this projection, the 
patient faces the film cassette. The median sagittal plane and 
the orbitomeatal plane are perpendicular to the film plane. 
Centering is to the midpoint of the rami, with the central 
beam perpendicular to the cassette.

Lateral Oblique group
The standard projection here is the 30-degree lateral oblique. 
For this, the patient’s sagittal plane is parallel to the film plane, 
and the central ray is angled 30 degrees cranially, centered to 
the mandibular angle closest to the film. The head should be 
extended to throw the image of the mandible off the cervical 
spine. If more of the body of the mandible needs to be seen, 
the patient can be rotated so that the face is aimed toward the 
film cassette, to bring the body of the mandible parallel to the 
cassette. Some workers use a slightly higher angle, 35 to 40 
degrees, for the central ray if the ramus is the main area of 
interest. An alternative to tube tilt is the use of an angle board.

Rotated Posteroanterior Mandible Projection
This projection is rarely used except when panoramic tomo-
graphy is not available. The patient is turned from the PA 
position away from the parasymphyseal region of interest by 
8 to 10 degrees, dropping the chin toward the cassette and 
centering 2.5 cm behind the opposite angle at the level of the 
midpoint of the rami, with the central beam perpendicular to 
the film plane.

Lower Occlusal Projection
An occlusal film is placed in the mouth, and a dental x-ray 
unit is used to expose the film from below the mandible. This 
projection is occasionally useful in the symphysis region, 
where both panoramic and PA mandible projections may be 
suboptimal.

Extraoral Submental Projection (Superoinferior 
Symphysis Projection)
This projection can be helpful in patients who will not be able 
to tolerate an occlusal film in the mouth. The film is placed 
underneath the chin and exposed from above with a dental 
x-ray unit.

Reverse Towne’s Projection (Haas Position, 
Nuchofrontal Position)
This projection is a reverse of the half-axial or Towne’s projec-
tion. The patient faces the cassette with both the median 
sagittal plane and the orbitomeatal line perpendicular to the 
film plane. The central ray is then directed at an angle of 30 

(45-degree elevation), and for this reason a modification is 
preferred: the occipitomental 10-degree projection.

The Occipitomental 10-degree Projection
The orbitomeatal baseline is elevated 45 degrees, and the 
central ray is angled 10 degrees caudad and centered to the 
lower orbital margin. This projection provides a margin of 
safety, ensuring that the petrous bones are projected below 
the maxillary antra so that the whole of the lateral sinus wall 
is clear.

It is important in this and the occipitomental 30-degree 
projection to avoid any rotation of the patient from the sagit-
tal plane.

The Occipitomental 30-degree Projection
The orbitomeatal baseline is elevated 45 degrees, and the tube 
is angled 30 degrees caudad, centering to the lower orbital 
margins. This projection provides a superior view of the 
malar arches and the anterior aspect of the inferior orbital 
margins, allowing assessment of displacement of these struc-
tures. It is used in preference to the submentovertical projec-
tion for assessing the arches.

In the occipitomental 10- and 30-degree projections, it is 
very important not to allow any rotation of the patient from 
the sagittal plane. In some individuals, the arches can project 
very close to the image of the inner table of the lateral cal-
varia. If the latter is seen in tangent, slight rotation will super-
impose one arch over the calvaria, diminishing the clarity 
with which the arch is seen.

The Occipitomental Projection View with  
Only 40 degrees of Elevation of the  
Orbitomeatal Baseline
This is the best view to diagnose orbital blowout fracture on 
a plain film. Centering is to the inferior orbital margin. 
However, with CT scanning available, this projection should 
rarely be necessary.

The Lateral Projection
In the lateral projection, the median sagittal plane is parallel 
to the film plane and the central ray is perpendicular to the 
film plane. By convention, it is obtained as a left lateral view 
(i.e., the left side of the patient is closest to the film), but this 
is not essential in acute trauma work. Centering should be to 
the body of the zygoma, about 2.5 cm below the outer canthus 
of the eye.

The Lateral Soft Tissue Projection
This view provides useful information about foreign bodies, 
such as windshield glass. It also gives a good view of the nasal 
bones, the nasal plates of the frontal processes of the maxilla, 
and the nasal spine of the maxilla. However, it is not required 
for assessing isolated simple nasal trauma, which is better 
investigated clinically.

The Upper Occlusal Projection
An occlusal film is placed in the mouth as far back as possible. 
Positioning is more likely to be successful and gagging over-
come if the equipment and patient position are set up before-
hand, the patient is asked to swallow hard just before insertion 
of the film, and the film is placed gently, avoiding contact with 
the tongue and oral mucosa until the last moment. The central 
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degrees upward, centering to about 4 cm above the superior 
orbital margins. It is seldom that an injury is seen on this view 
that cannot be seen with careful inspection on the PA man-
dible view.

Frontal Open-Mouth Projection
The PA mandible projection taken with the mouth open 
undoubtedly gives a good view of the condyle. However, most 
patients with significant trauma have trismus and are reluc-
tant to open the mouth far enough for this view to be useful. 
The central ray is angled up 12 degrees, centering to the 
nasion with the mouth open. Like the reverse Towne’s view, 
and for the same reasons, this view should rarely be needed.

Panoramic Radiography
There are two forms of panoramic radiography: an intraoral 
and an extraoral technique. The intraoral technique, in which 
the tube and film are static, is seldom used for trauma and is 
not widely available. In the extraoral form, the tube and the 
film move relative to the patient to provide an image of a 
curved plane, usually the mandible (OPG). The extraoral 
panoramic systems thus provide a modified tomographic 
technique that takes into account the curvature of the man-
dible. The image layer is made to conform with the shape of 
the mandible, and objects outside the image layer are blurred.

Great care must be taken in positioning, because the image 
plane is thin, and even slight errors in positioning can result 
in parts of the mandible being outside the image plane and 
therefore blurred. This may, however, be unavoidable if there 
are grossly displaced fracture fragments.

Panoramic Zonography
Based on the well-established methods of panoramic radio-
graphy used for examination of the mandible, the panoramic 
principle has been extended to a variety of other image layer 
tracks to enable examination of the middle third of the face, 
the temporal bone, and the upper cervical spine and to 
provide additional imaging of the temporomandibular joints. 
A further advantage of this equipment is the ability to perform 
the examinations, including standard panoramic views of the 
mandible, on a supine patient.

ACKNOWLEDGMENTS

The authors would like to acknowledge the contribution of 
Dr. N. Bowley, DMRD, FRCR, who wrote the first edition of 
this chapter.

REFERENCES

1. International Commission on Radiological Protection (ICRP): Recommendation 
of the International Commission on Radiological Protection. Publication 103. Ann 
ICRP 37:1-332, 2007.

2. Mischkowski RA, Zinser MJ, Ritter L, et al: Intraoperative navigation in the maxil-
lofacial area based on 3D imaging obtained by a cone-beam device. Int J Oral 
Maxillofac Surg 36:687-694, 2007.

3. Conebeam CT of the head and neck. Part 2. Clinical applications. AJNR Am J 
Neuroradiol 30:1285-1292, 2009.

4. Gupta R, Grasruck M, Suess C, et al: Ultra-high resolution flat-panel volume CT: 
fundamental principles, design architecture, and system characterization. Eur 
Radiol 16:1191-1205, 2006. Epub March 10, 2006.

5. Johnson DH: CT of maxillo-facial trauma. Radiol Clin North Am 22:131-144, 1984.
6. Making best use of clinical radiology services (MBUR), ed 6, London, 2007, Royal 

College of Radiologists.



103RAdIOgRAPHY OF FACIAL INjURIES

44. Anderson PJ, Poole MD: Orbital floor fractures in young children. J Craniomaxil-
lofac Surg 23:151-154, 1995.

45. Koltai PJ, Amjad I, Meyer D, et al: Orbital fractures in children. Arch Otolaryngol 
Head Neck Surg 121:1375-1379, 1995.

46. Cope MR, Moos KF, Speculand B: Does diplopia persist after blow-out fractures of 
the orbital floor in children? Br J Oral Maxillofac Surg 37:46-51, 1999.

47. Jordan DR, Allen LH, White J, et al: Intervention within days for some orbital floor 
fractures: the white-eyed blowout. Ophthal Plast Reconstr Surg 14:379-390, 1998.

48. Kim SH, Ahn KJ, Lea JM, et al: The usefulness of orbital lines in detecting blow-out 
fracture on plain radiography. Br J Radiol 73:1265-1269, 2000.

40. Whitehouse RW, Batterbury M, Jackson A, et al: Prediction of enophthalmos by 
computed tomography after “blow-out” orbital fracture. Br J Ophthalmol 78:618-
620, 1994.

41. Bhattacharya J, Moseley IF, Fells P: The role of plain radiography in the manage-
ment of suspected orbital blow-out fractures. Br J Radiol 70:29-33, 1997.

42. Biesman BS, Hornblass A, Lisman R, et al: Diplopia after surgical repair of orbital 
floor fractures. Ophthal Plast Reconstr Surg 12:9-16, 1996.

43. de Man K, Wijngaarde R, Hes T, et al: Influence of age on the management  
of blow-out fractures of the orbital floor. Int J Oral Maxillofac Surg 20:330-336, 
1991.



104 C HA P T E R 6 Principles of Facial Soft Tissue Injury Repair

104

6
Principles of Facial Soft Tissue Injury Repair

C HA P T E R 

Barry L. Eppley

Injuries to the face commonly result in a significant psy-
chological response that is unparalleled by the response 
to injury elsewhere on the body, especially if it is the 

result of interpersonal violence. The importance of facial 
appearance in modern society and its implication in voca-
tional and social status makes changes to facial features, par-
ticularly by injury, an emotionally charged occurrence. 
Patients fear facial disfigurement and scars and risk loss of 
their self-esteem. Surgical repair of facial injuries is under-
standably associated with high expectations of a complete 
return to a normal facial appearance. Often the final result, 
fairly or unfairly, is judged to be a reflection of the surgeon’s 
skill and ability.

In addition to the obvious skin and mucosal involvement, 
facial trauma frequently includes injury to the deeper hard 
and soft tissue structures. Understanding the mechanism of 
injury and the anatomy of the region is essential for satisfac-
tory management.

WOUNd ASSESSMENT

HISTORY ANd ExAMINATION

Apart from general aspects of the history that are common 
to all patient contacts, a complete history of the incident 
leading to the injury should be taken, and if not available 
from the patient, the details should be obtained from anyone 
present at the time of the incident or those in immediate 
attendance after. Understanding the mechanism of injury will 
alert the surgeon to the possibility of associated injury or 
contamination (e.g., bacteria, viruses, foreign bodies) and 
sequelae that may not otherwise be apparent. For example, 
when dealing with a penetrating knife wound, it is necessary 
to know the type of weapon, the degree of force used, and  
the postures of the patient and the assailant when the  
injury was caused to assess the degree of tissue damage and 
possible contamination, the depth and direction of penetra-
tion, and the possibility of involvement of deeper structures. 
Similarly, when the injury results from a road traffic accident, 
the type of accident (e.g., motorcycle, car), the position of the 
patient in the accident (e.g., pedestrian, driver, passenger), 
and the circumstances and relative speeds of the vehicles 
involved alert the surgeon to the possibility of associated 

injury underlying the presenting facial trauma or involving 
other systems.

The specialized nature of facial structures demand that 
particular attention be paid to injuries of different facial 
regions. Lacerations to the brow, eyelid, nose, lip, and ear 
require careful assessment and treatment to avoid deformity 
and potential interference with function. Lacerations to the 
lateral face, temple, and naso-orbital regions risk injury to 
branches of the facial nerve and to the parotid and lacrimal 
ducts. Injuries to the eyelid and orbit typically require oph-
thalmological evaluation to establish visual status and the 
presence or absence of corneal damage.

The tetanus immunization status of the patient is an essen-
tial part of the general medical history. Although facial 
wounds often appear to be clean, the patient is still at risk and 
requires tetanus prophylaxis. For clean minor wounds, no 
treatment is necessary if the immunization status is current. 
If more than 10 years has elapsed since the last booster injec-
tion, tetanus toxoid should be given. All patients with con-
taminated wounds should receive tetanus toxoid unless they 
have been immunized within the past 5 years.

BIOMECHANICS

An appreciation of the concept of relaxed skin tension lines 
(RSTLs) of the face is relevant to treatment and outcome. In 
a cadaver model exposed to blunt facial trauma, the induced 
soft tissue lacerations parallel the cleavage lines of the face 
(i.e., RSTLs) and were more severe on the forehead than on 
the zygoma or maxilla.1 These injuries were inherent in the 
biomechanical and structural property of the dermis of the 
skin and independent of muscle or bony attachments. It has 
been postulated that the direction of skin lacerations in blunt 
trauma occurs as a protective mechanism to minimize injury 
to the underlying blood supply because the vessels and col-
lagen bundles parallel the RSTLs (Fig. 6-1). The esthetic 
outcome of skin injuries is partially related to their relation 
to the RSTLs; scars have a better prognosis if they parallel the 
RSTLs or are in natural skin creases. With immediate repair 
and if the laceration is irregular but parallels the RSTLs, it can 
be excised and closed as a straight line. If it runs perpendicu-
lar or oblique to the RSTL, it should be closed as it manifests 
because the irregularities may offer better camouflage of the 
resultant scar.
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require primary or secondary management. Most facial con-
tusions have no specific treatment, with the exception of ear 
or septal hematomas, which require immediate evacuation.

Many facial lacerations have contusions at their skin edges 
that require sharp débridement to minimize the long-term 
risks of adverse scarring, pigmented changes, and underlying 
soft tissue atrophy. Red dermal bleeding is the hallmark of 
viable skin, and these tissues usually should not be débrided.

Abrasion
Most abrasions that occur on the face are superficial and 
involve loss of the epithelium and exposed papillary dermis. 
These injuries will heal quite rapidly with topical agents (Fig. 
6-2). Impact of the face against particulate surfaces (e.g., 
asphalt, gravel) or exposure to explosive charges (e.g., powder 
burns from gunshots) usually results in the implantation of 
foreign material. Frictional contact with otherwise benign 

ExCLUdINg FRACTURES dURINg ASSESSMENT

Evaluation must exclude bone injuries. This failure can occur 
in busy trauma units when several specialists are involved in 
the patient’s care and there is a desire to quickly treat the soft 
tissue injuries by a surgeon less familiar with hard tissue 
trauma.

CLASSIFICATION OF SOFT TISSUE INjURIES

Soft tissue trauma of the face may be classified according to 
the tissue insult (i.e., contusions, abrasions, lacerations, avul-
sions, and chemical or thermal burns) or the mechanism of 
injury (e.g., dog bite), which often involves a combination of 
the former elements.

Contusion
Blunt trauma to the face always results in some degree of 
swelling and bruising, depending on the area involved. Eyelids 
or lips, for example, develop a greater amount of swelling 
than forehead or cheek tissues. If subcutaneous vessels are 
ruptured, a hematoma may occur, which may or may not 

FIGURE 6-1  A 5-year-old girl’s forehead impacted the windshield 
in a motor  vehicle accident.  The nose  shows glass  injuries, and  the 
forehead skin separation parallels the relaxed skin tension lines. 

FIGURE 6-2  A,  Four-year-old boy  sustained multiple  facial  abra-
sions while  falling  from a moving  car. B, With  topical  therapy,  the 
superficial wounds healed completely and without scarring, as evident 
3 months after the injury. 

A

B
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particulate matter results in dermal exposure and injury that 
may mimic a second- or third-degree burn, depending on the 
depth. If allowed to heal, the growth of new epithelium over 
the contamination results in the phenomenon known as trau-
matic tattooing, which leads to permanent discoloration (Fig. 
6-3). Prevention requires meticulous débridement and occa-
sionally may necessitate the use of a dermabrader. Petroleum-
based liquids, such as grease and oil, can be removed with 
organic solvents such as acetone or ether. After adequate 
cleansing, the partially denuded dermis may be covered  
with antibiotic ointment alone or medicated nonadherent 
gauze dressing (e.g., Xeroform). Complete healing by 
re-epitheliazation occurs within 7 to 10 days, and erythema 
resolves within several months thereafter.

Lacerations
Facial lacerations occur as a variety of specific types, which 
affect the risks of scarring and eventual need for scar revision. 
Recognition of these forms permits modifications in the sur-
gical repair techniques.

Sharp objects usually create wounds with clean, straight 
edges that are easy to repair and produce fine scars. Minimal 
or no débridement is necessary, and the apposition of tissues 
is done with a layered closure. Because sharp objects often 
penetrate deeper than initially perceived, careful exploration 
of the wound should be carried out in areas where vital struc-
tures lie underneath. Revision of linear scars often is not 
needed (Fig. 6-4) unless they violate the RSTL, in which case 
they may be improved by geometric rearrangement.

Stellate lacerations usually result from blunt injury, explo-
sions, or crushing forces, which strike with enough force in 
a single area to “fracture” the surrounding tissue in noncleav-
age planes. Multiple flaps of skin are created, often with con-
tused edges, around a more central area of tissue damage or 
loss (Fig. 6-5). The elastic recoil of the skin often gives the 
false perception of significant tissue loss. This type of lacera-
tion should be repaired as it is positioned, and only grossly 
nonviable tissue should be débrided. Despite the best initial 
repair, these lacerations often heal poorly, and many require 
secondary revision.

FIGURE 6-3  Traumatic  tattooing  that  occurred  from  close-range 
discharge of a firearm and was not primarily treated. 

FIGURE 6-4  A,  Laceration and preauricular skin avulsion  from a 
dog  bite  in  a  4-year-old  boy.  B,  Scar  revision  cannot  improve  the 
resultant mature  scar, which  is  shown 1  year  after  primary  closure. 
Notice that the scar parallels the relaxed skin tension line and is quite 
narrow. 

A

B

FIGURE 6-5  Direct impact of an unrestrained passenger’s forehead 
on  the dashboard  in  a motor  vehicle  accident.  The  significant  blunt 
force has fractured the forehead and eyebrow tissues. 
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FIGURE 6-6  A  and  B,  Semicircular-type  lacerations  frequently  result  in  the  classic  trapdoor  scar 
deformity. C  and d,  Several  surgical  maneuvers  at  the  time  of  primary  repair,  such  as  deep  suture 
support, same-level undermining on  the side opposite  the semicircular flap, and  the creation of sharp 
vertical edges on the flap, may be helpful in its postoperative prevention. A, Dog bite in a 12-year-old 
boy. B, Repair with a trapdoor scar deformity 6 months postoperatively. C, Dog-bite flap avulsion in a 
6-year-old girl. d, Repair without a trapdoor scar deformity 6 months postoperatively. 

B D

A C

Tangential lacerations that undermine and lift up skin 
edges or lacerations that have a curvilinear or semicircular 
shape result in a trapdoor deformity. The laceration heals 
with a mound of tissue on its concave side due to contracture 
from unopposed fibrosis and from lymphatic and venous 
obstruction (Fig. 6-6). By creating a sharp, vertical edge on 
the flap side, undermining the undersurface of the side oppo-
site to the flap, advancing it at the same level, and placing the 
initial suture support deep to the dermis between the flap and 
the surrounding tissue (see Fig. 6-6), the deformity may be 
averted or at least reduced.

Avulsions
Facial defects due to traumatic avulsion are relatively uncom-
mon, occurring almost exclusively from gunshot or large, 
sharp-edged weapon injuries. For small defects, the sur-
rounding tissue can be mobilized and the defect closed. The 
use of local random flaps or pedicle flaps should be discour-
aged during the initial repair, because the viability of sur-
rounding tissues can be difficult to evaluate in the primary 
setting. For larger defects that are not amenable to primary 
closure, wet-to-dry dressings can be placed until the appro-
priate time for reconstruction. These dressings can be used 
for long periods as the zone of viability demarcates and gran-
ulation tissue develops. In more uncommon circumstances, 
the avulsion defect can initially be covered with a split-
thickness skin graft. This allows the facial wound to heal 
before more complex methods of facial reconstruction with 

better esthetic outcome are carried out at a later time (e.g., 
tissue expansion, serial graft excision, local flaps) (Fig. 6-7).

Bites
Bite wounds, even on the well-vascularized face, have a sig-
nificant risk of infection because of their high rate of con-
tamination. They introduce highly infective bacterial flora, 
and the bite wound is often a combination of multiple types 
of damage, including penetrating, contusing, and avulsing 
injuries. Bites come from animals or humans, and each has 
its own distinctive bacterial content. Animal bites, particu-
larly from dogs, are polymicrobial and include Staphylococcus 
aureus, β-hemolytic streptococci, and the anaerobes Bacteroi-
des and Fusobacterium.2 Pasteurella multocida also may be 
found, especially in cat bites. Human flora usually has a 
higher concentration of anaerobes such as Bacteroides and 
commonly contains Staphylococcus and α-hemolytic strepto-
cocci. Differences also exist in bite wound locations; human 
bites are far more prevalent on the lips, nose, and ear, whereas 
most animal bites are more random, involve more surface 
area, and are more avulsive due to the innate pull-back 
response of the victim.

For most wounds that are seen within 24 hours, primary 
treatment includes operative irrigation, limited débridement, 
and primary closure. With this approach, the infection risk is 
low, and the resultant scars are better3 (Fig. 6-8). Only small 
puncture wounds are left to heal secondarily. For wounds that 
occurred more than 24 hours earlier or large avulsion 
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units (right and left in some cases) using the mnemonic 
MCFONTZL: maxilla, chin, forehead, orbit, nose, temple, 
zygoma, lips. The soft tissue laceration is recorded using an 
ASTERISK notation scheme: area (MCFONTZL esthe tic 
unit designation), side, thickness (depth of penetration), 
extension (branching), relaxed skin tension conformation 
(directionality), index laceration (laceration with the maximal 
continuous skin interruption), soft tissue defect (presence or 
absence), and coding (current procedural terminology). The 
information is recorded along the rays of the asterisk symbol 
in a clockwise direction. However, conventional color slides 
or prints document the injuries in such a graphic and detailed 
manner that they should be the method of choice when pos-
sible. Digital photography may gradually replace conven-
tional light photography, although it may be more prone to 
exploitation.

SOFT TISSUE HANdLINg

OPERATIVE SETTINg

The patient with facial lacerations should always be treated 
promptly—in an ideal world, as soon as an assessment has 

injuries, closure is controversial. We prefer primary closure 
because the infection risk is higher and thereby hope to 
obtain more expeditious treatment and a better scar. Some 
surgeons prefer delaying closure of these wounds for up to 1 
week, although whether this decreases the risk of infection is 
not clear. Adjunctive pharmacological treatment is essential, 
usually consisting of broad-spectrum (i.e., combined aerobe-
anaerobic coverage) antibiotics (e.g., amoxicillin with clavu-
lanic acid), tetanus immunization, and rabies prophylaxis as 
necessary.

dOCUMENTATION

Facial injuries should be documented because patients may 
benefit and cope better with the outcome if they are able to 
compare the outcome with the original injury and because 
the injury may at some point be the subject of a medicolegal 
action, and accurate recording, preferably with photographs, 
can facilitate the process.

Recording injuries on a handwritten facial cartoon is the 
most primitive method. One method of documenting facial 
information is the MCFONTZL classification system,4 which 
represents a simplified method of recording blunt facial soft 
tissue injuries. The system divides the face into 12 esthetic 

FIGURE 6-7  Facial lacerations and avulsion injury with pre-auricular tissue loss in a 4-year-old boy 
who was unrestrained in a motor vehicle accident. A, Immediately after injury. B, After closure of lac-
erations,  the area of  tissue  loss  is evident. The tissue was impossible  to close primarily due to wound 
tension and would have resulted in significant distortion of the surrounding tissues. C, A split-thickness 
skin graft was placed for primary repair. Although it is hyperpigmented, it allowed time for the wound 
to heal and will be removed later by secondary tissue expansion. 

A

B

C
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been made to eliminate other injuries. Most facial injuries 
requiring soft tissue repair are not extensive and may be 
treated in an outpatient setting under local anesthesia. 
Although this usually is the quickest way, it has some disad-
vantages. The local anesthetic solution distorts the tissues, 
and infiltration may be painful. There is a risk that incomplete 
anesthesia is achieved, which may prevent careful cleaning 
and suturing. More extensive injuries or complex repairs 
involving the eyelids, nose, lips, or ears should be managed 
in the operating room under local anesthesia with sedation 
or general anesthesia. If the procedure is expected to take 
longer than an hour, complex facial structures are involved, 
or there is any question of involvement of deeper structures, 
the procedure should be carried out in the operating room.

Children more frequently require management in the 
operating room because of their greater anxiety and the level 
of their cooperation and understanding is more limited. If the 
repair is expected to take more than 15 minutes and is more 
than a simple laceration, it should be carried out in the oper-
ating room.5

ANESTHESIA

Administration of local anesthesia for the repair of facial 
wounds serves three purposes: to anesthetize the wound 
during an awake procedure, to provide postoperative analge-
sia at the repair site, and to facilitate hemostasis, irrespective 
of the surgical setting. Several technical points should be 
considered:

1. The local infiltration agent should be injected through the 
existing wound edges, where there may already be reduced 
sensation resulting from the injury.

2. The volume of the syringe should be matched to the needle 
size. It is least painful to use a 30-gauge needle with a 1- or 
3-mL syringe. The small needle combined with the low 
pressure of infiltration from the low-volume reservoir pro-
vides the most comfort (Fig. 6-9A). Although a larger 

FIGURE 6-8  Almost all dog-bite injuries to the face can be primarily 
repaired without a significant risk of postoperative infection. A, Mul-
tiple  small  lacerations  and  puncture  wounds  from  a  dog  bite  in  a 
2-year-old  girl.  B,  Uncomplicated  wound  healing  at  6  months 
postoperatively. 

A

B

FIGURE 6-9  A, To  lessen  injection pain  in  the  face  in  the awake patient,  the smallest needle  (30 
gauge) in a small syringe (1 or 3 mL) is the most effective. It creates a small puncture wound and causes 
little  pain by  fluid pressure and  tissue distention.  Large  syringes  require  larger  needles and are best 
used  for  the administration of  regional blocks. B, Using bicarbonate  to buffer a  local anesthetic  that 
contains epinephrine neutralizes the acidic pH and contributes to less injection pain. 

A B
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anesthesia, difficulty in keeping the topical creams confined 
to the desired area, and lack of anesthesia of the deeper tissues 
often make their use less than practical.

WOUNd PREPARATION ANd dÉBRIdEMENT

Fortunately, most facial wounds are seen early, usually within 
hours after their occurrence, but even after 24 hours, the 
wounds usually can be closed after thorough irrigation and 
débridement.

Initial cleansing of the wound should be carried out using 
a gentle soap (e.g., Ivory soap) or a dilute Betadine (5% oph-
thalmic) solution. Use of either agent causes little or no cel-
lular damage to open wounds but reduces bacterial counts. 
Most other cutaneous preparatory agents, including alcohol, 
hydrogen peroxide, benzalkonium chloride, and hexachloro-
phene, are quite toxic to cells. A general rule is never to use 
any solution that is not well tolerated by the conjunctival 
lining of the eye.

Hair usually does not need to be removed, and its presence 
can be a guide to good anatomical reconstruction. Eyebrow 
and eyelash hair should never be removed because regrowth 
cannot be ensured. Scalp and associated hair removal should 
be limited to facilitate tissue repositioning only. Facial hair 
(e.g., beard, moustache, goatee) can freely be removed because 
it impedes good skin repair and always regrows. The wounds 
should be meticulously examined for the presence of foreign 
bodies, especially if the history of the injury suggests that 
foreign bodies may be present. The facial wounds of road 
traffic accident victims commonly contain embedded glass. 
In many instances, the glass is better identified by listening 
for the “chink” of a metallic instrument against the glass than 
trying to visualize it. In wounds that are contaminated with 
dirt and other debris, pressure irrigation with an 18-gauge 
needle and 20-mL syringe generates sufficient pressure to 
dislodge implanted particles and reduce the bacterial count. 
Because there is no convincing evidence that antibiotic irriga-
tions in the facial region are advantageous and that there is a 
risk of toxicity to the cornea, saline irrigation should be suf-
ficient in most cases.

An abrasion may contain particulate material that can 
cause a traumatic tattoo if not removed. Light scrubbing of 
the wounds can be carried out using a surgical scrub brush 
or a toothbrush. However, a dermabrader with a very fine 
diamond wheel is usually much more effective because some 
removal of the papillary dermis is necessary to remove or 
expose many of the embedded particles (Fig. 6-11).8 Particles 
not removed with the dermabrader can be systematically 
removed with a No. 11 blade. It is important not to derm-
abrade too deeply into the reticular dermis or expose the 
underlying fat, because this likely will result in hypertrophic 
scarring. It is better to perform a secondary laser or derm-
abrasion procedure than manage hypertrophic scarring. A 
light dermabrasion heals within 5 to 7 days, particularly in 
men because of the epithelial contributions from the beard 
skin.

Excision of the wound edges usually is not advised unless 
the tissues are obviously crushed and nonviable. Because the 
blood flow to the facial skin is extensive and receives contri-
butions from the dermis and underlying perforators, it is 
often remarkable how little soft tissue attachment may be 
needed for survival (Fig. 6-12). It is always easier to remove 

25-gauge needle with a 10-mL syringe is appropriate for 
intraoral and facial blocks (because of the need for longer 
needle length), it causes more discomfort during direct 
local infiltration.

3. Buffering of the pH of the local anesthetic reduces discom-
fort during infiltration.3 Because all local anesthetics con-
taining epinephrine are acidic (pH < 4), they cause a 
burning sensation on contact with the subcutaneous 
tissues. For large-volume infiltrations, adding a small 
amount of bicarbonate eliminates this source of immedi-
ate tissue pain (see Fig. 6-9B).6

4. The use of regional nerve blocks can be invaluable  
when there is extensive injury. They expedite the onset  
and distribution of the anesthetic, and they lessen the  
total volume of solution required. The supraorbital, infra-
orbital, and mental nerves are the ones most commonly 
blocked.

5. Consideration should be given to the use of long-acting 
local anesthetics for postoperative pain relief. The infiltra-
tion of bupivacaine (Marcaine) in and around the wound 
site gives up to 24 hours of pain relief, which is particularly 
useful in children.

A full understanding of the pharmacology and pharmaco-
kinetics of the drugs used is essential. The safe limits of local 
anesthetic volumes include 7 mg/kg for lidocaine with epi-
nephrine, 4 mg/kg for lidocaine without epinephrine, and 
1 mg/kg for bupivacaine.

Several topical anesthetics can provide skin anesthesia in 
cream formulations.7 The two best known are EMLA (eutec-
tic mixture of two local anesthetics, 2.5% prilocaine and 2.5% 
lidocaine) and TAC (mixture of 0.5% tetracaine, epinephrine 
at a concentration of 1 : 2000, and 11.8% cocaine). Both prep-
arations need to be applied to the skin a significant length of 
time before injection or manipulation to achieve dermal pen-
etrations of 3 to 4 mm (Fig. 6-10). They should not be applied 
to open wounds or around mucous membranes or the eyes. 
Although both achieve some degree of skin anesthesia and 
are often promulgated for use in small lacerations in children, 
they have some practical limitations that severely limit their 
use in facial wound repair. The time lapse before onset of 

FIGURE 6-10  Topical  anesthetics,  such  as  a  eutectic  mixture  of 
local anesthetics (EMLA), are commonly used to prevent pain from the 
insertion of venous catheters. Their effectiveness and practicality in the 
closure of facial lacerations are questionable. 
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FIGURE 6-11  Dermabrasion into the papillary dermis is a reliable method for removing impregnated 
material and preventing  traumatic  tattooing. A, Dermabrasion  removal of asphalt debris. B, Scarless 
healing at 9 months after surgery. 

A B

excess scar and tissue secondarily than it is to recruit replace-
ment tissue.

WOUNd CLOSURE TECHNIQUES

The face is unique among all other tissues in the body. It 
merits an approach different from many aspects of traditional 
wound care.

Tissue Handling Principles
Several guidelines for tissue handling should be followed:

1. Reduce operative tissue damage. The tissues should be 
handled gently with fine instruments, and if necessary, 
loupes should be used.

2. Minimize sharp débridement. Most facial wounds require 
minimal excision, but when needed, it should be carried 
out with the scalpel held at right angles to the skin surface. 
In hair-bearing areas, the incision should parallel the hair 
follicles to reduce the possibility of damage.

3. Repair wounds as they are positioned. The classic instruc-
tion is to close wounds along tension lines and the natural 

folds (i.e., RSTLs) of the facial skin. In reality, facial wounds 
tend to be random, and adherence to this concept is fre-
quently impractical. Important facial landmarks should be 
aligned and the wounds repaired as they are found. Allow 
for natural healing and wound maturation to make the 
first attempt at optimizing scars.

4. Close in layers. Good dermal support is one of the primary 
keys to flat, narrow scars. When skin sutures are removed 
early to prevent track marks, a lack of dermal support may 
allow scars to widen, particularly if they cross the RSTLs. 
If necessary, the surgeon should undermine the wound 
margins to create a deeper layer for suturing and eversion 
of the wound edges. Tension across the wound should be 
reduced to a minimum.

5. Use fine sutures and remove early. With good dermal 
support and the rapid epithelialization of facial tissues, the 
sutures should be removed 5 to 7 days after insertion. 
Alternate sutures may be removed after 3 days.

Instrumentation
The finest and most precise instruments should be used. A 
large number of instruments is unnecessary (Fig. 6-13).
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Suture Types
There are two fundamental suture types: absorbable and per-
manent.9 Although used by surgeons of all specialties, their 
composition and technical details are frequently not known 
or are misunderstood.

Absorbable Sutures
Sutures that are absorbed include gut (plain or chromic), 
Dexon, Vicryl, Maxon, and PDS. A plain gut suture is com-
posed of twisted collagenous strands of sheep or beef intes-
tinal wall. Because of its animal origins, it is being with 
drawn from use in Europe. This suture is rapidly absorbed by 
phagocytosis, maintaining strength for up to 10 days with 
complete absorption within 70 days. When heat treated, a 
fast-absorbing gut suture is created with accelerated tensile 
strength loss and absorption. Wound support is provided for 
only 5 to 7 days, and it is used primarily for epidermal sutur-
ing. When gut is coated with a chromium salt solution, 
chromic gut suture is created, which is more resistant to body 
enzymes, resulting in slower absorption and maintenance of 
strength for up to 14 days. It also has better tensile strength 
and knotting capability. A mild chromic gut suture is made 
that is absorbed between 3 and 5 days. The other absorbable 
sutures are synthetically derived and have much longer 
retention.

Dexon is a braided suture composed of a glycolic acid 
polymer, which breaks down by hydrolysis and maintains 
strength for up to 30 days. Vicryl (polyglactin 910) is a 
polymer but incorporates lactide and calcium stearate (lubri-
cant) with the glycolic acids. Because of the lactide, which is 
hydrophobic, hydrolysis is slowed, and complete absorption 
takes up to 70 days to occur. Significant strength is main-
tained at 21 days after placement. Maxon is also of glycolic 
acid composition but has the addition of trimethylene car-
bonate in a monofilament form; the tensile strength is pro-
longed, and complete absorption can take up to 180 days. 
PDS is a synthetic monofilament made from the polyester 
derivative polydioxanone. It glides easily through tissue, has 
significant memory, takes about 180 days to absorb, and has 
extended wound strength for up to 6 weeks. These features 
account for its frequent use as an absorbable subcuticular 
suture. Monocryl (poliglecaprone 25) is a monofilament 
suture that is used for subcuticular closure and that maintains 
its strength for several weeks, with complete absorption 
occurring by 120 days.

Practically, the types of absorbable sutures used in the face 
are limited to the gut and Vicryl or Dexon sutures. Closure 
of the skin when suture removal is not desired, as can be the 
case in young children, should be performed with 5-0 or 6-0 
plain gut. Any of the other absorbable sutures cause too much 
inflammation and take too long to dissolve. Plain or fast-
absorbing gut sutures are suitable for closure of the mucous 
membranes of the eye, nose, and mouth.

Dermal closure should be carried with 5-0 gut or 5-0 
Dexon and Vicryl. Although some postoperative suture 
extrusion occurs with the longer-lasting absorbables, it is  
not as significant as in other areas of the body, probably 
because the smaller-sized sutures are used in the facial region. 
Deeper structure apposition, including fascia and muscle, can 
be performed using the larger 3-0 and 4-0 longer-absorbing 
sutures, and closure benefits from their increased strength 
retention.

FIGURE 6-12  Gunshot wound  to  the  face with  lateral  facial flap 
avulsion. A, The lateral facial skin flap is hanging on by a small skin 
pedicle. B, Complete survival of the hanging skin flap followed primary 
repair. 

A

B

FIGURE 6-13  Instrument set for facial soft tissue repair. 
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Nonabsorbable Sutures
Monofilaments have replaced the traditional braided silk 
suture materials. They offer smooth tissue passage, minimal 
tissue reactivity, and easy handling by virtue of their elasticity. 
These features make them well suited for retention and skin 
closure. Nylon, derived from the synthesis of polyamide poly-
mers, and polypropylene (Prolene), a linear hydrocarbon 
polymer, are commonly used in the facial region. They are 
extremely inert and can hold tensile strength for years. The 
flexibility of the polypropylene is superior to nylon and 
accounts for its popularity in the pullout subcuticular tech-
nique of skin closure.

Either of these sutures, ranging in sizes from 5-0 to 7-0, 
can be used for facial skin closure, depending on the specific 
site. In the scalp, the blue coloring of Prolene makes it easier 
to remove.

Suturing Techniques
Although all techniques, including simple, continuous, sub-
cuticular, horizontal, and vertical mattress methods (Fig. 
6-14), occasionally are used, the simple and continuous tech-
niques are most often used. The vascularity of the wound 
edges, already compromised as a result of the injury, should 
not be further jeopardized by the suturing technique. The 
simple interrupted or the continuous non-interlocking suture 
techniques provide the least strangulation of tissue (Fig. 
6-15). There is no real advantage to a running interlocking 
suture, but if used, the suture loops should not be too tight 
(Fig. 6-16). Occasionally, an interrupted vertical mattress 
suture may be of value to evert the skin edges, but good 
dermal support usually makes the use of this suture technique 
unnecessary.

For the skin, 6-0 or 7-0 sutures should be used. Sutures 
should be placed close enough to the wound margin (1 to 
2 mm) to optimally relieve wound tension. The suture should 
be tied with an allowance for postoperative edema and 
without blanching of the wound margins. Suture track marks 
usually result from the suture being tied too tightly, causing 
tissue necrosis, or delayed removal, resulting in epithelializa-
tion of the suture track.

On the scalp, a larger suture, usually 3-0 or 4-0, is used, 
and the sutures are placed farther from the wound margins. 
Because of the structure and vascularity of the scalp, the 
tissues can tolerate a tighter closure if required for hemosta-
sis. Dermal sutures should not be used because they may 
injure hair follicles. Deep support comes from closure of the 
galea. Metallic staples can be used and are probably the least 
compromising approach to vascularity, because they do not 
completely encircle the apposed tissues. Their use, however, 
typically is retained for rapid closure and ease of removal in 
the hair-bearing scalp, where track marks are less relevant. 
The importance of layered closure in facial wounds cannot be 
overemphasized.

Skin Adhesives
The use of glue for epidermal repair has great appeal. Previ-
ous attempts at developing a skin adhesive have been fraught 
with handling problems and cytotoxicity, but a cyanoacry-
late derivative, octyl-2-cyanoacrylate (Dermabond, Ethicon, 
Somerville, NJ), has had significant success without the previ-
ous problems (Fig. 6-17). The adhesive is quite durable but 

FIGURE 6-14  Commonly used facial suturing techniques. 
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FIGURE 6-15  Running,  non-interlocking,  6-0  nylon  skin  suture 
repair. 

FIGURE 6-16  Knife laceration of the face. A, Preoperative status. 
B,  Multilayer  wound  repair  of  skin  with  running,  interlocking,  6-0 
nylon. C, One year postoperatively. 

A

B

C

flexes with the skin. Multiple studies have demonstrated its 
equivalency to 5-0 and 6-0 skin sutures in facial surgery.10,11 
It is still important to provide dermal suture support (Fig. 
6-18), and care must be taken to seal the epithelium without 
allowing the liquid to flow between the wound margins, 
where it will harden and block epithelial and dermal healing. 
It is particularly useful after suture removal instead of taping 
because it secures the wound edges better and does so in a 
near-invisible fashion.

POSTOPERATIVE CARE

Dressings other than a line of an ointment to prevent 
drying of the tissues are usually not required. Some surgeons  
use antibiotic creams, but the use of chloramphenicol  
(Chloromycetin) has a possible risk of producing aplastic 
anemia and is best avoided, although it is still used widely. 
Extensive taping obscures the wound margins and does  
not allow the wound exudate to be cleaned from the edges. 
Crusting is removed with dilute hydrogen peroxide, and  
antibiotic ointment is reapplied two or three times per day. 
Face and hair washing can be performed within 48 hours, 
because it has been shown that wetting of sutures with soap 
and water, particularly on the face, does not increase the 
incidence of wound infection. Keeping the suture line clean 
and soft without crusting makes it easier to remove the 
sutures.

There is good evidence that more rapid healing can be 
achieved by applying negative-pressure dressing over the 
wound. This removes inflammatory exudates and speeds 
healing. It has little place in routine closure, but in difficult 
areas with abrasions or tissue loss, it may have a place.

Facial sutures are usually removed 5 to 7 days after place-
ment, whereas those in the scalp are removed 2 to 3 weeks 
later. Removal of sutures, although rarely discussed, can be 
uncomfortable and cause anxiety for the patient. Fine instru-
ments, a delicate touch, and several simple maneuvers  
can make the experience more tolerable for the patient  
(Fig. 6-19).

After suture removal, the wound can be supported using 
Steri-Strips (brown paper strips) or cyanoacrylate adhesive. 
Postoperative care should include clear (ideally, written) 
instructions about the natural history of wound healing and 
maturation. The patients need to know about healing time; 
for example, wound maturation may take up to 18 months in 
young patients. They must be aware that scar revision can be 
considered only after maturation has taken place.



115POSTOPERATIVE CARE

FIGURE 6-18  Closure of a dog-bite facial wound with topical skin adhesive. A, Preoperative status. 
B, Skin closure with good dermal support. C, One year postoperatively. 

A B

C

FIGURE 6-17  Cyanoacrylate adhesive (Dermabond) for skin closure 
comes in a bullet-shaped ampule dispenser. 
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FIGURE 6-19  Suture removal techniques. 
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7
Principles of Reduction of Fractures and 
Methods of Fixation

C HA P T E R 

Malcolm Cameron, Peter Ward Booth

The maxillofacial region is in many ways anatomically 
unique. In the past, failure to appreciate its differences 
from the rest of the bony skeleton led to poor out-

comes and unnecessary morbidity, particularly in the man-
agement of trauma. Although maxillofacial surgeons have 
used experience and research from general orthopedics to 
great effect, the mindless transfer of orthopedic techniques 
and principles is sometimes unhelpful. It must be recognized 
that surgeons are vulnerable to the market forces created by 
the manufacturers of fixation devices, although the same 
companies have, of course, introduced highly effective inno-
vations. Proper evaluation of fixation techniques takes many 
years, so it is a long time before the shortcomings of some 
devices become apparent. Surgeons must not be seduced by 
the latest innovations but should always critically assess new 
devices and ideas and scrutinize relevant supporting publica-
tions. A thorough audit of outcomes by surgeons free from 
commercial pressures should allow well-informed decisions 
about new techniques.

Two innovations from general orthopedics—osteogenic 
distraction and bioresorbable fixation devices—have much to 
offer the maxillofacial traumatologist, and they are strongly 
promoted by the supply industry. They may not, however, be 
the ultimate answer to our surgical requirements in the way 
that the sales teams would have us believe. Although innova-
tion is the precursor of progress, many new techniques, 
instruments, and materials do not stand the test of time.

The stigma of unreduced, unstable facial fractures can be 
severe. Minor cosmetic changes after facial injuries are 
common, and in modern societies, good results are often not 
enough: Perfection is demanded. For the surgeon, a less than 
perfect outcome is always unsatisfactory. Poor cosmetic and 
functional outcomes have several causes:

• Incorrect choice of surgical access. Because all skin inci-
sions have the potential to form bad scars, hidden or 
mucosal incisions should be used wherever possible (Figs. 
7-1 through 7-4).

• Inability to operate early. Normal skin draping is pre-
vented if early healing has begun.

• Poor timing of surgery. For example, excessive swelling 
makes the precise placement of incisions difficult  
(Fig. 7-5).

• Poor reduction of bone fractures. Closed reduction always 
has the risk of poor reduction.

• Poor understanding of the fracture sites. Lack of knowl-
edge, usually because of inadequate clinical and radio-
logical examinations, can lead to poor reduction and 
stabilization.

Posttraumatic functional problems may be more signifi-
cant than any esthetic considerations, and these patients often 
feel markedly disabled. Typical functional problems include 
the following:

• Excessive scar tissue after poor primary care; inadequate 
wound cleaning and suturing

• Disabling visual problems, such as loss of vision or diplo-
pia, with or without enophthalmos

• Loss of masticatory efficiency from iatrogenic 
malocclusion

• Impairment of speech and swallowing (rare)
• Persistent epiphora after ectropion
• Troublesome anosmia after midface fractures (rare)
• Motor or sensory neurological damage, which is common 

early after trauma and can persist, producing significant 
problems

Inadequate reduction and stabilization are the most 
common causes of esthetic and functional problems, even in 
less severe cases. These problems may also be associated with 
pain or chronic infection, although less often than in general 
orthopedic practice. Inadequate reduction and stabilization 
may not be as rare as we would like, but only careful follow-up 
and evaluation can establish the incidence.

Poor outcomes may result from patients’ not seeking treat-
ment (Fig. 7-6). In less severe cases, it is sometimes difficult 
to determine what constitutes a perfect result. The aim of 
reduction and stabilization is to return the patient to the pre-
injury status. The morbidity of the surgery must not exceed 
that of the traumatic injury itself (e.g., inappropriate and 
overzealous open reduction of an uncomplicated, minimally 
displaced orbital rim fracture). It is important to remember 
that bone is a living structure that will remodel, especially in 
young patients.

More difficult decisions have to be made in third world 
countries, where resources and manpower are limited. Is  
it reasonable to undertake a 1-hour open reduction of a  
fractured malar or to accept the less than perfect reduc-
tion achieved by a closed lift procedure? Similarly in the 
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industrialized world, should surgeons spend a long time 
reducing a nasal fracture in a pugilist who will probably  
reappear with a fractured nose again in 3 months? The  
senior physician must make these decisions on an individual 
basis, with full consultation with the patient and or family.  
It is, however, important to have targets of excellence,  
which may be modified in light of an individual patient’s 
circumstances.

Suboptimal outcomes that are unrelated to socioeconomic 
factors (e.g., failing to present for care after a fracture) are not 

FIGURE 7-1  Use of an existing laceration is desirable, especially 
in this position which is difficult to access by other routes. 

FIGURE 7-2  This  laceration  gave  excellent  access,  and  a  good 
scar  resulted  from  careful  closure.  (Copyright Media Studio, Cam-
bridge University Hospitals NHS Foundation Trust.)

FIGURE 7-3  This intraoral incision provided excellent access to the 
extensive  midfacial  injuries,  but  further  incisions  were  necessary  to 
repair the periorbital fractures. 

FIGURE 7-4  This retromandibular scar has healed well after open 
reduction and internal fixation of a condylar fracture. It demonstrates 
the appropriate use of a skin crease incision. 

FIGURE 7-5  Excessive swelling will make it difficult to get a good 
result with any periorbital scar, and delay may be the best course. 
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uncommon, but only by careful follow-up and evaluation can 
the outcome be fully established.1 Poor outcomes may occur 
for a variety of other reasons, which may be beyond the 
control of the maxillofacial surgeon:

• Coexisting medical problems, particularly head injuries 
(Fig. 7-7), may delay definitive surgery, making it difficult 
to achieve good reduction. Secondary correction of initial 
problems is rarely as good as primary surgery.

• Inadequate preoperative investigations, particularly if 
there is lack of appropriate imaging, may fail to reveal the 
true extent of the bony injuries. It is acceptable to delay 

FIGURE 7-6  This patient, who had multiple assaults, rarely attended 
appointments for treatment. Failure to treat facial trauma can result in 
functional and cosmetic disaster. 

FIGURE 7-7  In addition to his facial  injuries,  this patient suffered 
intracranial trauma, which necessarily delayed treatment. In the end, 
his injuries were managed nonoperatively. (Copyright Media Studio, 
Cambridge University Hospitals NHS Foundation Trust.)

FIGURE 7-8  A useless radiograph resulted from an uncooperative 
patient who moved during imaging. 

surgery until adequate plain radiographs and scans are 
available (Figs 7-8 and 7-9).

• Inadequate surgical planning, notably failing to plan the 
surgical access or the need for bone for grafting, affects 
results. Adequate patient consent requires that these 
important eventualities be considered and discussed 
before any procedure is initiated.

• Very severe fractures, particularly grossly comminuted 
fractures, can be extremely difficult to reduce and stabilize. 
These technical difficulties can be overcome only by expe-
rienced surgeons with a special interest in facial trauma.

• Some surgeons (often from anatomically related special-
ties) with limited experience in facial trauma may not fully 
appreciate the structure and function of the oral and max-
illofacial region and may therefore attain less than ideal 
results.

• Patients who are from poor socioeconomic backgrounds 
or who abuse alcohol or drugs may refuse or fail to present 
for treatment. These patients then may require secondary 
procedures.

We believe that if there is a logical approach to reduc-
tion and fixation many of these poor outcomes can be 
minimized.
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the fragments’ locking together. This is more likely to be suc-
cessful if the periosteum is largely intact. Examples of closed 
reduction include fixation of the teeth in occlusion (i.e., IMF), 
elevation of a fractured zygoma, and use of an arch bar to 
stabilize dentoalveolar fractures. In these circumstances, 
reduction usually occurs without direct visualization of the 
fragments in their final position.

In maxillofacial surgery, the most common method of 
closed treatment is IMF, which relies on the correct position-
ing of the teeth to control the reduction. For mandibular 
fractures, open reduction with internal fixation (ORIF) has 
traditionally been performed with the use of temporary intra-
operative IMF to secure the occlusion before plate placement. 
Although the IMF is released at the end of the operation, it 
may be reapplied if necessary. This belt-and-braces approach 
may be questioned for several reasons.2 First, operating time 
is reduced if IMF is not used. Second, although this is a more 
certain reduction for the surgeon,3 is it more comfortable for 
the patient? Moreover, there is ample evidence of short- and 
long-term risk to the patient when IMF is used. Evidence 
indicates it may damage the periodontium and reduce airflow, 
and weight loss and long-term temporomandibular joint 
(TMJ) function may be adversely affected.4

Fifty years ago, facial fractures were typically managed by 
closed methods. Open reduction was reserved for cutaneous 
compound fractures or certain unstable mandibular frac-
tures. This evolution toward open reduction has improved the 
precision of the reduction, because the fragments can be care-
fully examined and manipulated. What led to this change in 
philosophy?

In the pre-antibiotic era and before modern aseptic  
techniques, surgeons were extremely cautious about open 

PRINCIPLES OF REdUCTION

OPEN OR CLOSEd?

Terminology in this field can be confusing. The terms closed 
and open treatment are preferred to conservative and opera-
tive. Open refers to deliberate surgical intervention to open 
and directly explore the fracture site, normally by means of a 
surgical incision or a laceration. Fractures involving the 
teeth-bearing areas are biologically open, although this does 
not normally afford surgical access. Some surgeons refer to 
intermaxillary wiring as conservative treatment, but others 
refer to a soft diet alone as conservative management. The use 
of intermaxillary fixation (IMF) (also called mandibular max-
illary fixation [MMF]) has well-documented morbidity and 
mortality rates that do not fit with the concept of conservative 
management.

The term open refers to exposure, reduction, and fixation 
of the fracture under direct vision. Closed refers to no direct 
visualization of the fracture site; that is, blind fixation, which 
usually is achieved indirectly or by relying on nonsurgical 
stabilization, like IMF (MMF).

The vague term conservative may mean no treatment of 
any kind, no surgical treatment, or, for some surgeons, the 
use of IMF. It is better to use more specific terms such as wait 
and watch, nonsurgical, or, preferably, closed treatment.

Not all displaced fractures need reduction. However, only 
severe medical problems obviating general anesthesia should 
prevent open reduction if it is otherwise indicated. Many 
fractures can be treated by open reduction with the use of 
sedation and local anesthesia. Open reduction involves  
exposure of the fracture through the skin or mucosa  
(surgical exposure is discussed later). Once opened, the frac-
ture can be reduced and directly fixed through the incision 
(Fig. 7-10). Closed reduction is blind reduction and relies on 

FIGURE 7-10  A small laceration allowed excellent access to place 
a plate and provide a stable  reduction,  far  superior  to  that possible 
with nasal packs and plaster of Paris splints. (Copyright Media Studio, 
Cambridge University Hospitals NHS Foundation Trust.)

FIGURE 7-9  A  three-dimensional  computed  tomogram  provides 
good information about the number and pattern of facial fractures, but 
it must be interpreted in light of the clinical findings, and its shortfalls 
must  be  appreciated.  In  this  case,  the  artifact  caused  by  amalgam 
dental restorations obscure  the mandibular ramus.  (Copyright Media 
Studio, Cambridge University Hospitals NHS Foundation Trust.)
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can be guaranteed preoperatively or intraoperatively. In the 
past, external fixation, typically pin fixation, was performed, 
with antral or nasal packs used in an attempt to provide sta-
bility. However, the nature of these gauze packs ensured only 
limited stability, and even if the surgeon was optimistic, the 
experience of having these packs removed usually failed to 
persuade the patient of their value.

External pin fixation, which is still used in general ortho-
pedics and in treatment of facial continuity defects, can 
provide stability. The 3 to 6 weeks of fixation pins often leaves 
ugly scars, and it is difficult for patients to work or lead 
normal lives during this period.

Advantages of Closed Reduction
Perhaps the greatest advantage of closed reduction has been 
demonstrated in war zones, in the treatment of maxillary and 
mandibular fractures. In the United Kingdom, particularly 
during World War II, this technique was important. Custom-
made cast silver splints were constructed and sectioned at  
the fracture site. IMF was applied slowly through the splints, 
and a slow reduction and then fixation of the fractures  
was achieved. This procedure was predominantly carried out 
away from the front line, often without the need for anesthe-
sia. Closed reduction also worked well in patients with missile 
injuries, stabilizing continuity defects. With the available 
technology and limited facilities at that time, it proved to be 
an adequate method.

In many third world countries, with limitations imposed 
by too many patients, too few maxillofacial surgeons, and 
inadequate resources, these basic techniques still have a place. 
Cast silver splints have been replaced by simple arch bars, 
which are much easier and cheaper to manufacture. However, 
in some developing countries, local manufacturers can eco-
nomically produce plating systems for internal fixation, 
although not necessarily out of exotic materials. The costs of 
the plating system should not prevent their use. There are 
significant hidden costs for closed reductions with IMF, 
including the costs of extra patient supervision, which often 
involves intensive care; increased morbidity (e.g., poor venti-
lation, persistent trismus); and delayed return to work.

Closed treatment may be an acceptable compromise, such 
as for a patient with medical problems that preclude general 
anesthesia or sedation. IMF may be used to treat simple, 
minimally displaced fractures very effectively. However, con-
ditions that preclude general anesthesia (e.g., uncontrolled 
epilepsy, chronic respiratory disease) may also contraindicate 
IMF. Patients dislike having their teeth wired together and 
may not comply with prolonged treatment. Alternatively, 
open reduction is possible under local anesthesia with sup-
plementary awake sedation.

The choice between open and closed reduction may be 
clear in some cases, but there are many instances in which 
both are equally acceptable. With good outcomes from 
surgery and anesthesia, open reduction offers the chance of 
better reduction and direct osteosynthesis. This means a safer 
postoperative recovery, earlier return to normal function, and 
prompt discharge to home in most cases.

The debate over open versus closed treatment of facial 
fractures is no more sharply focused than in condylar frac-
tures. Those in favor of closed reduction point to the good 
results obtained with IMF conducted over 2 weeks and sup-
plemented by physiotherapy using a controlled protocol and 

reduction. Experience, particularly from general orthopedic 
practice, suggested that open reduction almost invariably led 
to local infection, severe osteomyelitis, and even death of  
the patient. Caution about open reduction and internal fixa-
tion (ORIF) was fueled by the lack of suitable implant mate-
rial with which to stabilize the fracture. This problem 
continued beyond the introduction of modern sterile tech-
niques and antibiotics. Although more suitable implants 
became available, the biomechanics of the systems often 
lacked a scientific basis. Bad experiences created a climate of 
antipathy toward routine open reduction.

Historically, the avoidance of ORIF was based on sound 
surgical principles that were difficult to achieve for a variety 
of reasons. In modern surgery, with excellent plating and 
fixation systems and with safe, largely infection-free surgical 
procedures, these principles are relatively easy to achieve:

• Open reduction should be used only if the procedure itself 
does not have a significant or unacceptable morbidity.

• Open reduction should be followed by direct fixation of 
the fracture to ensure that the full benefits of the proce-
dure are gained.

CLOSEd REdUCTION

disadvantages of Closed Reduction
Closed reduction can be problematic. With this method, the 
position of the teeth, palpation, and postoperative radio-
graphs are used as guides to the accuracy of reduction. The 
most common problem with closed reduction is poor frac-
ture alignment. In many cases, closed reduction relies on 
correct positioning of the teeth, on the assumption that this 
produces correct orientation of the bony fragments. Although 
the occlusion must be correctly restored, the teeth have only 
a limited effect on the final position of the bones. This influ-
ence significantly diminishes as fractures extend away from 
the dental arches, such as in the zygomatic complex, which is 
not related to the teeth. Even in mandibular fractures, muscle 
tone and activity may displace bone fragments despite firm 
location of the teeth.

This problem becomes compounded in cases of preexist-
ing malocclusion, which is a common predisposition to man-
dibular fractures. In cases of a depleted dentition or injury to 
the teeth themselves, reduction of the occlusion becomes a 
less reliable method of reducing the bony fractures. Errors of 
reduction are tolerated much less in facial fractures than in 
other orthopedic procedures. Inadequate reduction, even in 
the presence of a normal occlusion, may be associated with 
poor esthetics and functional problems. Facial fractures  
are most common in the young, and it is unacceptable to 
leave these patients with long-standing facial deformity or 
dysfunction.

Closed reduction for maxillary and mandibular fractures 
demands IMF. This is a technically simple procedure that may 
not require general anesthesia, although it has several disad-
vantages Patients dislike IMF, and it can be dangerous by 
obstructing the airway.

Closed reduction relying on the dentition has little value 
in the treatment of upper facial injuries and none in isolated 
zygoma, orbital, or nasal fractures. Closed reduction of upper 
facial fractures relies on palpation to ensure reduction and on 
periosteal attachment to provide stability, neither of which 
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qualified as rigid (fixed) IMF or training elastics, which 
allow guided opening of the jaws.

• The terms displaced and dislocated (from the fossa) are 
best used to describe the position of the condylar head. 
These terms are less confusing than descriptors such as 
subluxated.

• Description of the level of the fracture can be limited to 
intracapsular, high, or low condylar neck. Fractures may 
extend to more than one site.

More prospective studies are needed to evaluate the best 
methods of treatment. Although areas of controversy still 
exist, there are areas of general agreement:

• Closed treatment is not always associated with good 
results, whereas open reduction in experienced hands  
has a low morbidity rate and more predictably good 
outcomes.

• Closed treatment seems to be an effective method of treat-
ing any type of condylar fractures in children.

• Currently, pure intracapsular fractures are treated by 
closed methods. Research suggests that open treatment 
may be indicated, but further work is needed.

• Immobilization for 6 to 8 weeks by rigid IMF is not ideal 
for closed treatment. The use of function-guided elastics as 
a method of closed treatment has a more therapeutic role. 
In some studies enrolling cooperative patients, closed 
treatment has been as effective as open procedures for a 
wide range of fracture types and severity.

• Clinical and radiological evaluations may not define those 
who will get a poor result from closed treatment (except 
in cases of no or minimal displacement). This reflects the 
range of pericapsular and intracapsular soft tissue damage.

Increasing numbers of reports show that open reduction 
can produce excellent outcomes with low morbidity.6a There 
is inadequate evidence to identify which surgical approach or 
type of fixator is the best. However, it does seem that single 
microplate fixation is inadequate and is associated with plate 
fracture.

There is little doubt that the innovation of open reduction 
and miniplate fixation has improved outcomes, patient safety, 
and comfort. The focus on innovation in fixation devices has 
largely replaced the debate about open versus closed treat-
ment. The open approach has become the gold standard, but 
innovation never ceases, and minimally invasive approaches 
are challenging the simple open approach. Minimally inva-
sive approaches include totally endoscopic procedures and 
endoscopically assisted procedures. Whereas a totally endo-
scopic approach potentially offers a great advantage, an endo-
scopically assisted approach may muddy the waters because 
it still requires a surgical incision, albeit a less extensive 
opening. Advocates point to the inevitable progress toward a 
much less invasive procedure with less morbidity. However, 
advocates must show good outcomes and reasonable operat-
ing times in the hands of most trauma surgeons.

TIMINg OF REdUCTION

The best time to reduce fractures is not clearly defined in the 
literature. For open injuries, it is assumed that the longer  
the delay, the more the wound becomes contaminated and 

a highly compliant group of patients. For example, in a large 
series, Marker et al.5 obtained excellent results with a closed 
treatment regimen in patients with a full range of severity of 
injury and condylar neck sites. Union always occurs, and 
surgical complications are rare. Those in favor of open reduc-
tion think that modern techniques and surgical experience 
enable safe reduction, quicker discharge from the hospital, 
and quicker return to work. They emphasize that closed 
reduction is frequently associated with poor long-term func-
tion. Problems include reduced mouth opening, malocclu-
sions, and deviation on opening. TMJ pain and clicking are 
also cited as problems, but they are unreliable indicators of 
outcome because they are such common symptoms. At a 
symposium in 1999,6 many controversies and disagreements 
were highlighted, but certain areas of agreement were reached 
(Fig. 7-11). Terminology applied to condylar neck and 
condyle trauma can add to the confusion, and the following 
guidelines may be more appropriate:

• It is best to refer to closed or open treatment rather than 
using the term conservative, which has different meanings 
for different surgeons. The use of IMF should also be 

FIGURE 7-11  Two teenagers who had similar displaced fractures 
of the condylar neck. A, Perfectly symmetrical opening and a normal 
occlusion. B, Mandibular asymmetry and deviations on opening. Both 
patients were  treated with  a  closed approach without  intermaxillary 
fixation. These two cases reflect the confusion in the literature. 

A

B
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plates made of various materials versus non-resorbable plates 
(discussed later). Although the benefits of resorbable materi-
als are being debated, most of the true controversy about fixa-
tion devices is historical.

After good exposure of the fracture is obtained, stabiliza-
tion is best achieved by the smallest appropriate fixation 
device. The fixation or osteosynthesis device is a plate, and 
the plates used for most facial fractures are miniplates or 
microplates. Miniplates have various dimensions, but the 
term is used to distinguish them from the heavy plates  
that are used to provide compression osteosynthesis, which 
requires bicortical screws that prevent the correct biome-
chanical placement of the plate, along the line of tension.  
In modern maxillofacial surgery, these heavy plates are  
used only in rare cases. Osteosynthesis with plates having  
two screws, usually on either side of the fracture, can provide 
three-dimensional stability of the fracture, unlike wire  
osteosynthesis, which provides no more than monoplane 
traction, with no useful two- or three-dimensional stability 
except in a few sites (e.g., a frontozygomatic suture fracture). 
The smallest suitable device is used to minimize periosteal 
stripping around the fracture, which is helpful for fast  
healing, and the smaller devices are less likely to be felt by the 
patient.

There is a certain latitude in the size of the device used. 
For example, a grossly comminuted fracture may require a 
heavy (but noncompression) plate that is long enough to span 
the comminution. Bicortical or monocortical screws can 
retain these plates. A mandibular fracture in a young adult or 
a child may require only a microplate. In certain sites, such 
as the parasymphyseal area and particularly the mandible, the 
muscular vectors demand more than one plate to provide 
stability.

The materials used for the plates have been a source of 
debate. Currently, titanium alloys are most widely used. The 
decision to remove plates after their function has ceased (e.g., 
after 3 months) is still controversial. The Strasbourg Osteo-
synthesis Research Group (SORG) has produced guidelines 
that advocate removal of nonfunctional devices after healing 
is complete. However, removal is undertaken only if the per-
ceived risk is insignificant compared with the risk of retention 
of the plate. For example, if there is chronic infection around 
a plate, the risk of morbidity for removal of the plate is less 
than that of leaving a focus of chronic infection. In contrast, 
in an adult, the complications of raising a coronal flap to 
remove a titanium plate on the zygomatic arch that is not 
palpable and is not infected, are greater than those of leaving 
it in situ. For most patients, removal of asymptomatic plates 
requires general anesthesia, which to many represents an 
unnecessary risk of morbidity compared with leaving the 
plate. For most surgeons in the United Kingdom and the 
United States, elective plate removal is not routinely under-
taken. In Germany, however, demand from patients to remove 
nonfunctional devices pushes the equation toward elective 
plate removal.

How Rigid Should Rigid Fixation be?
Stabilization and its effect on bone healing have been contro-
versial, and dogmatic views have been expressed. It is reas-
suring to know that a similar debate rages in orthopedics with 
equal vigor. The debate is relatively new, because it is only 
recently that biomechanical products have become available 

the greater the risk of poor outcome due to infection. This 
seems logical, but the time frame over which this principle 
applies is unclear. There is an obvious difference between 5 
hours and 5 days, but is there a significant difference between, 
for instance, 2 hours and 24 hours after fracture? Few studies 
have been able to quantify these variations, although some7 
have failed to show any difference in complications between 
fractures treated at less than 24 hours and those treated more 
than 24 hours after injury.

More worrying are the assumptions based on the ortho-
pedic literature that reduction, if applied too inflexibly to 
maxillofacial injuries without due thought for function and 
form, results in unsatisfactory conclusions. The rich blood 
supply and rapid mucosal healing make comparison of  
outcomes between long bone and mandible fractures 
unrealistic.

In the case of a long delay (about 14 days), there is little 
doubt that initial healing is well established, and this makes 
mobilization and reduction difficult. Soft tissues become 
adherent to the displaced bones, making reduction even 
harder to achieve. This is particularly important in the canthal 
region of the eye. After displacement is established, the 
canthal ligament is unlikely ever to settle into its correct 
position.

Delays inevitably occur, and life-threatening conditions 
must take precedence. For patients with associated head  
injuries, fears about extensive maxillofacial reconstruction 
may lead to a delay in definitive surgery. Some maxillofacial 
surgery units have shown that early intervention is possible 
without any significant morbidity. For this to be possi-
ble, anesthetists and neurosurgeons must work closely  
together.

In summary, there is strong evidence that an open approach 
to fixation leads to better, more accurate reductions of frac-
tures. This approach allows for adequate fixation, leading to 
early mobilization and return to normal function. The greater 
use of surgical incisions can be mitigated by a wise choice of 
mucosal and skin incision sites, which may be further miti-
gated by greater use of minimally invasive procedures in the 
future.

FIxATION

As new ideas and philosophies develop, the controversies 
move on to new areas. In the past, heated discussions  
raged over which type of IMF gave the best results. After 
osteosynthesis became the gold standard, the site and size of 
the implants became the subject of debate. It has become 
accepted by the mainstream that “small is good” in maxillo-
facial surgery. The use of biological, semirigid miniplate  
or microplate fixation leads to excellent outcomes in terms  
of good bone healing and reduced surgical morbidity. The  
use of orthopedic, heavy compression plates has no role in 
routine facial trauma management. Miniplates and micro-
plates are used, with an emphasis on careful placement of the 
plates to maximize their biomechanical potential. Heavy-
reconstruction, noncompression plates have only a tempo-
rary role in cases of mandibular continuity defects or gross 
fragmentation of the mandible, because they will eventually 
fracture.

Whereas the previous debate was about how best to 
achieve fixation, the current controversy concerns resorbable 
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• To maintain reduction
• To restore early function at the fracture site, surrounding 

muscles, and joints, which in the case of the jaws means 
restoration of normal mastication, deglutition, and speech

• To minimize healing time
• To prevent infection by allowing movement at unstable 

fracture sites

What is the effect of no fixation? There are many examples 
of untreated fractures found in specimen jars in medical 
museums, but they are rarely seen in modern practice. Animal 
studies have yielded much more information. The work of the 
AO group provided much of the earlier data. These studies 
traced the progress of untreated radius fractures in dogs to a 
displaced fibrous union. Although it is reasonable to question 
the relationship between young animals and human patients, 
particularly elderly osteoporotic patients with mandibular 
fracture, animal models do provide some useful data.

From this animal work, a better understanding of fracture 
healing was developed. The AO group divided the bone-
healing process into direct and indirect types. Direct healing 
was seen to occur, for example, after a 1-mm hole was cut 
into bone. Because there was complete stability, there was 
immediate growth of bone into the hematoma, which was 
then replaced and remodeled into trabecular bone. No inter-
mediate cartilage formation occurred, nor was there prolif-
erative callus formation.

Indirect healing classically occurred across a mobile long 
bone fracture, following a quite different process. Initial 
hematoma formation preceded ingrowth of fibrous tissue and 
blood vessels. This tissue underwent remodeling accompa-
nied by proliferative osteoid growth at the periosteum (i.e., 
callus formation) (Fig. 7-12). Callus provided early stability 
for osteoid formation across the fracture. Once union was 
achieved, remodeling of the callus and the osteoid produced 
trabecular bone. However, in both humans and animals, if 
mobility was excessive, there was proliferative but incomplete 
formation of callus. The resulting callus was unable to stabi-
lize the fracture; it failed to bridge the fracture site. At best, 
malunion was the final result, but other complications fre-
quently intervened, including osteomyelitis. Indirect healing 
therefore became associated with the traditional problems of 
fracture management:

• Infection
• Malunion
• Nonunion
• Excess callus formation
• Prolonged hospitalization
• Prolonged immobilization
• Prolonged antibiotic regimens
• Joint dysfunction
• Secondary surgery to encourage union or eliminate 

infection
• Opening of a second donor site for bone grafting

Researchers and clinicians contrasted these problems with 
those of animal models of direct healing, in which perfect 
reduction led to production of osteoid and trabecular bone 
without callus formation and, ultimately, to early healing and 
restoration of normal function. With hindsight, it is easy to 
see that such comparisons involved unlike starting points: 

to stabilize fractures and anesthesia and reliable infection 
control have allowed these procedures to be carried out with 
low morbidity rates. Until the 19th century, only crude exter-
nal devices, if any, were applied to stabilize fractures and 
achieve some kind of union. Limited function was considered 
successful treatment. In the 20th century, a few isolated 
reports of stabilization of facial fractures began to appear. 
Fixation mostly relied on use of the dentition with crude 
forms of IMF, and this technique persisted, with few excep-
tions, until the 1950s.

In orthopedics in the 19th century, it was recognized  
that any attempt to open a fracture was accompanied by a 
significant rise in mortality. Death mainly resulted from the 
use of nonsterile instruments and a lack of aseptic technique. 
After the fundamentals of sterility were applied and safe anes-
thesia became possible, the desire to develop improved 
methods of fixation increased. Centuries of caution meant for 
many that the idea of open reduction and placement of 
foreign bodies (plates) was unacceptable. This was the general 
view despite early reports of internal plate fixation as early as 
1886. It was left to enthusiastic individuals to develop the 
modern concept of osteosynthesis. Roberts and Battersby8 in 
the United Kingdom and Speissl9 in Basel, Switzerland, made 
significant contributions. General acceptance of open osteo-
synthesis did not appear in the maxillofacial literature until 
the organized research of the Arbeitsgemeinschaft für Osteo-
synthesefragen (Association for Osteosynthesis [AO]) group 
in the 1950s. Even then, the work was accepted only in the 
German-speaking countries. The first osteosynthesis courses 
in maxillofacial surgery conducted in English occurred in the 
1970s.

Although many surgeons continued to avoid open  
approaches, they became frustrated by the shortcomings of 
poorly reduced and unstable fractures. The debate about poor 
results frequently was blurred by confusion between poor 
reduction and poor stabilization. Even the best fixation device 
is of little value if reduction is inadequate. On the other hand, 
an anatomically reduced fracture will become displaced if it 
is inadequately stabilized. This is particularly important in the 
maxillofacial region, where a well-healed but displaced frac-
ture may carry significant morbidity (e.g., malocclusion, di-
plopia, “flat face”). Such outcomes are clearly unacceptable. 
Maxillofacial surgery has significantly benefited from the  
research carried out in orthopedics, but the transfer of ortho-
pedic concepts and techniques to the maxillofacial region still 
has problems.

Anatomical peculiarities of the facial skeleton can make 
the application of some orthopedic concepts and techniques 
very difficult. The excellent blood supply to the bones, overly-
ing skin, and mucosa provides favorable conditions for 
healing and enables the placement of plates with low morbid-
ity rates. This is at variance with general orthopedic proce-
dures, where blood supply may be poor, especially in the 
distal extremities in elderly patients. Degloving injuries of the 
fractured mandible often heal uneventfully, a situation rarely 
seen in the lower limbs after a comparable soft tissue insult. 
Many parts of the facial skeleton are paper-thin, and this 
precludes rigid fixation, but the mechanical loads (e.g., dis-
placing forces created by the muscles of mastication) do not 
compare with those in the limbs.

In maxillofacial surgery, the use of rigid fixation has 
several goals:
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compression plates (by their rules), and for these plates to 
work, bicortical screws were needed. Use of bicortical screws 
in a dentate patient required the plate to be moved to the 
lower border of the mandible, which is biomechanically the 
wrong site.

The philosophies of dynamic compression osteosynthesis 
had an enormous impact on orthopedic trauma services as 
the concept became established practice in most trauma 
units. This was not the case in maxillofacial surgery, however. 
Although several large maxillofacial units in the German-
speaking countries wholeheartedly accepted this philosophy, 
the technique did not become widely accepted around the 
world for several reasons:

• Even the strongest advocates of the system did not apply 
heavy compression plates to all facial fractures. Only man-
dibular fractures were treated in this way.

• The complex curvature of the mandible creates  
difficulties for a system designed to provide straight-line 
compression.

• The presence of teeth and the inferior alveolar nerve forces 
placement of the compression plates in zones that are 
already exposed to compression by muscle activity and not 
in tension.

• Too much compression (especially in comminuted frac-
tures), inadequate compression at the upper border, and 
straightening of the natural curvature of the mandible may 
produce malocclusions.

• The precision of reduction in maxillofacial surgery is far 
in excess of anything demanded in orthopedic surgery.

• Skin incisions are required in most cases (intraoral inci-
sions do not allow enough access), resulting in scarring 
and a small risk of damage to the mandibular branch of 
the facial nerve. IMF may be unpleasant, but it is only 
temporary, with no risk of scarring or permanent nerve 
damage. These aspects, however, are not discussed in the 
Association for Osteosynthesis/Association for the Study 
of Internal Fixation (AO/ASIF) manual.

• Dynamic compression plating (DCP) is an unforgiving 
and difficult technique. Although it can be applied, the 
benefits of this technique usually can be achieved by a 
simpler procedure with less morbidity.

• Some feared (without scientific proof) that the plates were 
so rigid that stress shielding would diminish healing 
strength.

• Contact with these long, wide plates reduced the periosteal 
blood supply, which can be important in the elderly atro-
phic mandible with an already impaired blood supply.

• A second, often extraoral operation is required to remove 
these thick bulky plates.

Overall, there was a significant complication rate with  
use of the AO system for mandibular fractures—as high as 
13% in one series.10 Despite many modifications, the use of 
heavy compression systems has failed to become universally 
acceptable, although it has provided valuable research data. 
Its current influence lies in the limited use of lag screws, 
which are particularly useful in condylar neck fractures, as 
popularized by Ecklet11 et al. Even for maxillofacial units in 
which the AO system was accepted, there has been a move 
away from compression to monocortical, noncompression 
miniplates.

They did not recognize that there are many degrees of rigidity 
between fixation achieved with adequate stability and that 
achieved with inadequate stability. Although the argument at 
first may appear to be one between direct and indirect healing, 
it is actually a question of stability during the healing period. 
Indirect healing does not necessarily lead to instability and 
failure; the problems listed earlier are the result of inadequate 
stability.

Thirty years ago, research workers decided that direct 
healing had to be the goal, and this led to the artificial situa-
tion of absolute stability. The engineers set about providing 
methods of fixation that would produce sufficient stability for 
direct healing to take place. Even the early enthusiasts recog-
nized that in a biological system in which bone itself has some 
flexibility, absolute rigidity is not possible. To highlight the 
inadequate stability of some systems, such as wire ligatures 
used alone, the AO workers referred to the need for absolute 
stability; they thought that only this method would achieve 
direct healing. However, such thinking was muddled,  
because the achievement of stability in a mandible required 

FIGURE 7-12  Normal  development  of  callus  around  a  fracture. 
Although excessive callus formation occurs with excessive motion, it is 
not necessarily a sign of abnormal healing. In the past, futile attempts 
to  prevent  any  callus  formation  produced  increasingly  rigid  fixation 
systems. Champy’s work with miniplates demonstrated  that complete 
rigidity is actually a disadvantage. 
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correctly placed along the lines of tension, the fragments slip 
past each other, and tension is not generated because the 
fractures do not have solid contact in the area of compression. 
The plate then functions as the only means of fixation in all 
directions. The plates are not designed to take these kinds of 
loads. Such scenarios can occur if there is a sagittal split of 
the mandible or if there is gross comminution, particularly at 
the lower border. In the former example, a position or lag 
screw placed at the lower border can control the rotatory 
element and generate the appropriate forces. In comminuted 
fractures, careful repositioning and fixation of all of the frag-
ments are needed, although smaller fragments may become 
devitalized.

The simplicity of miniplate application has reduced the 
risks of malocclusion compared with the very rigid and 
unforgiving heavy compression plates. Champy and Pape13 
evaluated hundreds of cases and demonstrated an exception-
ally low complication rate. The technique is carried out 
entirely by the transoral route, with no need for skin incisions 
or trocar punctures. The plates are small and can be left in 
situ if desired. Light elastics can be used to fine-tune the 
occlusion if necessary. The technique, although originally not 
recommended by Champy, has been extended to the treat-
ment of all fractures of the facial skeleton. With better under-
standing of the biomechanics, smaller plates are now 
recommended for the upper face and cranium.

As is often the case, full scientific explanation follows clini-
cal success, and to some extent this is true of the small plate 
systems. Although Lodde and Champy12 undertook biome-
chanical studies that were later complemented by the assess-
ments of Champy and Pape, further studies added to 
understanding of these systems. Kroon et al.15 demonstrated 
that at a certain angle, there are circumstances in which 
tension and compression are reversed. Bos et al.,6 using finite 
element analysis, accurately documented the forces and 
directions within the functioning mandible. However, the 
forces generated in a noninjured jaw are significantly different 
from the smaller loads generated in the fractured mandible. 
Mathematical models have not confirmed Kroon’s work15 
but have suggested greater torsional movements in body 
fractures.

Extensive evaluations of miniplates have confirmed their 
effectiveness. Miniplate fixation using Champy’s principles 
has been compared with transosseous wiring. Miniplates  
are associated with fewer complications, especially when 
Champy’s principles are adhered to.

Despite the trend in the orthopedic literature toward bio-
logical or semirigid fixation, it must not be forgotten that 
excessive movements are associated with excessive callus for-
mation, less strength, and delayed union. Excellent, predict-
able results are obtained with the use of miniplates.

The literature suggests that an optimal number of micro-
movements at the fracture site are ideal for healing; 10,000 
cycles per day produces nonunion, but 10 cycles per day 
produces good union. However, the optimal number of cycles 
is unclear even in animal models, and translation into use for 
humans with fractures is extremely difficult. Carter et al.16 
reviewed the mechanobiology of bony healing. Huge varia-
tions in the site and nature of the fractures and in variables 
such as age, nutrition, muscle bulk, and hormonal status may 
significantly affect the healing process. The precise degree of 
stability still eludes researchers, but the miniplating concept, 

Miniplates
Miniplates found almost universal acceptance because they 
provided a well-engineered system that achieved stable bone 
union without the technical difficulties of other systems and 
with lower morbidity rates.

In maxillofacial surgery, two separate events were respon-
sible for the cessation of dynamic compression. First, Miche-
let et al.14 and then Lodde et al.12 developed an osteosynthesis 
system using smaller plates, which were inserted along the 
lines of tension. Lodde was working with Maxine Champy, 
who was aware of the need to publish and disseminate this 
information. Dieter Pape,13 who was schooled in the use of 
traditional heavy compression plates, provided thorough 
evaluation of the new systems and championed the concept 
in Germany. Because of his background, this gave the system 
much credibility, and successful audits of long-term results 
were published.1 Second, studies of semirigid or biological 
fixation in animal models showed that micromovement pro-
duced earlier healing, as measured by strength at the fracture 
site.

Noncompression and the use of smaller plates (i.e., mini-
plates) now comprise the standard method of internal fixa-
tion in many maxillofacial trauma units. This approach has 
effectively demonstrated that indirect healing, if combined 
with adequate fixation leading to good stability, can produce 
excellent bone healing comparable to that produced by 
systems aiming to generate direct healing. Because miniplates 
are placed transorally using monocortical screws, they are 
associated with much less morbidity than was seen with the 
compression systems.

The work of Michelet et al.14 was essentially intuitive, but 
it was developed by Lodde and Champy,12 who undertook 
animal studies and made measurements in human volunteers 
that supported the concept. This work was initially confined 
to the mandible.

The principle that forms the basis of the miniplate tech-
nique is to identify the line of tension within the mandible at 
the site of the fracture and apply the plate without compres-
sion across the fracture along this line. In a way analogous to 
suspension bridges, huge loads can be controlled by relatively 
small structures through reliance on the tensile strength of 
the materials. Miniplates can control relatively large loads. 
More importantly, because compression is unnecessary, the 
plate can be anchored to the bone using only monocortical 
screws. As a result, the plate can be placed where it is biome-
chanically desirable, rather than only where there is room to 
place a bicortical screw. Monocortical screws can be safely 
placed in the outer cortex over dental roots and the inferior 
alveolar nerve as long as care is taken in drilling.

Champy’s studies examined the loads at different parts of 
the mandible, particularly the forces in play anteriorly. They 
are complicated in part by the curve of the bone and in part 
by the attachment of the muscles, with each pulling in a dif-
ferent direction. These displacing forces need to be controlled 
for a small plating system to work. Posterior to the canine, 
the mylohyoid muscle pulls medially, whereas anterior to the 
canine, the genial and digastric muscles tend to pull postero-
inferiorly, resulting in additional rotational forces. In this 
region, a single miniplate can provide inadequate fixation, but 
two plates are necessary to prevent displacement.

For comminuted or sagittal fractures, miniplating must be 
modified. In both circumstances, although the plate may be 
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in mandibular angle fractures. These studies ended the debate 
about routine osteosynthesis for facial fractures, showing that 
there is little place for heavy orthopedic plates.1,9,17,18

Intermaxillary Fixation
Virtually all maxillofacial units in the developed world favor 
plate fixation. However, most facial fractures worldwide do 
not occur in industrialized societies. It is from emerging 
nations, which see the greatest volume and range of facial 
injuries, that many of the future developments will come. 
However, many of these countries do not have the resources 
to pay for expensive plating systems. They are therefore 
obliged to use more traditional methods of fixation, particu-
larly IMF. In developed countries, it was recognized a decade 
ago that use of miniplates was actually cheaper than IMF 
when the hidden costs of care were considered.16

IMF was first reported in the 17th century, and it is most 
commonly used for fractures of the mandible. Its principle is 
simple. The teeth arise from the bone fragments to which they 
are firmly attached. By securing them in occlusion with the 
upper, intact arch, the fracture is stabilized and reduced to 
the correct position. However, IMF cannot be applied to all 
fractures:

• Fractured jaws are often associated with preexisting mal-
occlusions, which may be difficult to define accurately.

• There may be an inadequate number of teeth to provide 
stability.

• Although the teeth may appear to be in the correct posi-
tion, muscle attachments may still displace the bony 
fragments.

• This approach is unsuitable for fractures that do not 
involve teeth-bearing structures, such as malar and naso-
ethmoidal fractures.

• In combined lower and upper face fractures, neither jaw 
is capable of stabilizing or accurately reducing the 
fractures.

• IMF is not without risk, especially in the early postopera-
tive period, when the patient may vomit and intraoral 
swelling may not be detected. Patients who have under-
gone general anesthesia frequently must spend the first 
postoperative night in an intensive care unit. In the United 
Kingdom, this costs about £1000 per night and offsets any 
savings realized by not using expensive plating systems.

• Patients may lose weight, and those with respiratory dis-
orders such as asthma have had respiratory function 
deterioration.

• Patients dislike it.

The disadvantages of osteosynthesis are of a technical 
nature, and to abandon it in favor of a less satisfactory method 
because of technical errors is not in the best interest of the 
patients. The fundamental problem of IMF is the unpleasant 
nature of the procedure and its poor results, especially in 
treating midface trauma. Many believe that it is inappropriate 
even for simple fractures.

Other Methods of Fixation
Before plating, extraoral pin fixation was an important 
method of fixation. It was used in two main ways. In fractures 
of the midface, it can be used to indirectly secure upper and 
lower arch bars to another fixed point, usually the cranium. 

which is associated with minimal morbidity, has sound bio-
logical principles to account for its effectiveness. Semirigidity 
imparts some advantages to the bone-healing process, includ-
ing some degree of fracture mobility.

This approach has been the source of much controversy, 
although the need for reduction is not in doubt. The contro-
versy concerns the balance between maintaining perfect 
reduction during the healing process and inadequate reduc-
tion, which may lead to nonunion (including fibrous union) 
or malunion. Perfect reduction may be biologically impossi-
ble in microscopic terms, except during the first few days of 
the reduction. Even then, the price of a perfect reduction may 
be the need for very heavy, rigid, and large implant devices 
that can have adverse effects:

• Rigidity causes stress shielding at the fracture site and on 
the adjacent normal bone. Without the normal stresses 
and strains of function, bone becomes osteoporotic.

• The heavy devices deprive the periosteum of its blood 
supply.

• Even if the reduction is initially perfect, the pressure 
between the bone ends and around the implant-retaining 
screws quickly leads to bone resorption, and the stability 
and reduction are lost.

• Perfect reduction initially obtained with the use of heavy 
implants is technically difficult and eventually leads to a 
poor reduction. A large skin incision usually is required.

Much of the controversy has been the result of the greater 
choice offered by ORIF and the plethora of fixation devices. 
Closed techniques offered only limited opportunities to per-
fectly reduce and stabilize a fracture. In the pre-antibiotic era 
and before better access surgery was available, closed reduc-
tion was effective at least for obtaining union of bone ends. 
As safe open techniques became available, the emphasis was 
on avoiding the problems of closed treatment, particularly 
malunion and nonunion. Early in the ORIF era, the approach 
was to produce perfect reduction maintained by heavy com-
pression plates. In the maxillofacial region, this technique was 
associated with a high morbidity rate. The surgical access 
(usually an extraoral approach) produced scarring and nerve 
damage; fixation devices produced poor reduction, nerve 
damage, and infections and required multiple operations.

Subsequent development of osteogenic distraction and a 
better understanding of the role of callus formation have 
enhanced the move toward biological reduction and stability. 
Achieving these goals means creating an environment that 
maximizes healing without allowing malunion, nonunion, or 
fibrous union to occur. This is in marked contrast to the 
earlier pronouncements of study groups such as the AO, who 
proposed heavy, rigid fixation and compression reduction. 
Although its work was innovative, this is not a principle nor-
mally used in current maxillofacial surgery.

Some European centers continue to advocate the use of the 
AO system for mandibular fractures, pointing out that thor-
oughly experienced operators have a low complication rate in 
a compliant population. However, even in these groups, the 
overall complication rate is 7% using the AO system.9 Exten-
sive studies by Pape,13 involving thousands of patients, proved 
the effectiveness of miniplate fixation. In a later prospective 
study, Ellis et al.17 demonstrated higher complication rates for 
heavy plate fixation and the disadvantage of two miniplates 
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OUTCOMES

Outcome assessment of reduction and fixation is not perfect 
because it concentrates on measurable benefits. Studies have 
documented complications of various surgical access 
approaches, and outcomes of miniplate osteosynthesis have 
been reported.11,17 Most of these studies evaluated the man-
dible, because it is easier to measure occlusion than, for 
instance, cosmetic outcomes after zygoma fractures. These 
studies also looked at complications such as plate infection, 
screw loosening, and wound infection. Many animal studies12 
have investigated the biomechanics of miniplate fixation, 
reaction of the tissues to the devices, and material toxicity. 
Little evidence exists concerning the quality of open versus 
closed reduction, and randomized studies of osteosynthesis 
are rare.

SPECIAL CONSIdERATIONS

Fractures in children and fractures of the severely atrophic 
mandible or the condylar neck do not behave in the same way 
as more typical fractures, and a different approach is needed.

CHILdREN

Rapid healing and rapid remodeling mark childhood facial 
fractures. In many ways, these fractures are easy to treat and 
have minimal complications. These factors are a function of 
growth and excellent blood supply. In most fractures, reduc-
tion and fixation is not necessary. However, there is a risk of 
ankylosis in intracapsular mandibular joint fractures, and 
early mobilization is desirable. If fixation is required, micro-
plating systems are usully adequate. The problem of plate 
removal is heightened in this patient group because of the fear 
of impairing further growth.

Another conundrum is determining when a child is not a 
child. The simple determinant is cessation of growth, but we 
know from orthognathic surgery that this period can extend 
into the late teens. A more clinically relevant definition is 
provided by dental maturity: After children are beyond mixed 
dentition, they can be treated as adults in most trauma cases. 
The exception is trauma of the condyles or the nose, because 
continued growth may affect outcomes. In the former case, 
remodeling and continued growth may allow a closed 
approach in a 16 year old but may be a contraindication to 
surgery for fear of damaging normal development.

Severely Atrophic Edentulous  
Mandibular Fractures
Treatment of the severely atrophic edentulous mandible often 
has a poor outcome, especially in those patients in whom the 
radiographic height of the mandible is 10 mm or less (Fig. 
7-13). The bone is characterized by a poor blood supply and 
slow reparative efforts. Older patients may be in poor general 
health, which sometimes precludes prolonged general anes-
thesia. Patients are commonly female with osteoporotic 
bones, making screw fixation difficult and unreliable. The 
thin, atrophic mandible has very little separation between 
compressive and tension zones, and this often demands 
greater strength in the osteosynthesis, which has to control 

Alternatively, it can be used as a direct fixator across a frac-
ture, commonly the mandible or malar. However, patients 
dislike the bulky apparatus, and they must exercise care not 
to injure themselves with it. Even modern miniature devices 
are very intrusive. Placement normally involves skin punc-
tures, which can leave unsightly scars. The external fixator has 
had a new lease on life as a means of callus distraction, and 
although it is a very successful technique, the cutaneous scar-
ring and awkwardness of the fixator remain important 
problems.

As a means of securing the dental arches to a fixed point, 
external fixators have been quite successful. Fixation involves 
the use of a halo frame around the skull. The halo frame, 
which was initially developed for traction of unstable cervical 
injuries, is mechanically very stable. However, the system of 
rods and joints that link the halo to the jaws is less rigid. 
Previously, cast silver cap splints were used to secure the 
apparatus to the dental arches. The main advantage of this 
system is that it can provide anterior traction to a fractured 
maxilla. It also acts as a guide in establishing the correct verti-
cal height in patients with multiple facial fractures, particu-
larly those with bilateral condylar neck fractures. The cranial 
attachment may be modified to attach posteriorly if a crani-
otomy is necessary. Levant developed a very compact,  
efficient modification by creating a bar attached to two  
supraorbital pins.

Fixators placed across fractures, usually in the mandible, 
have several attractions. They can be quickly applied, and 
there is minimal exposure and stripping of the periosteum 
around the fracture. The degree of rigidity can be modified 
during healing (dynamization), thereby reducing the poten-
tial effects of stress shielding. The position of the fixators can 
also be adjusted if postoperative radiology shows inadequate 
reduction. These fixators can be used to provide callus dis-
traction in appropriate cases.

The main role of this type of treatment is to provide rapid 
stabilization in the multiply injured patient or for use where 
there are limited facilities before transfer to a definitive care 
center. In areas where gunshot wounds are common, this 
method provides good fixation until the contaminated 
wounds have healed. The external fixator is particularly useful 
in maintaining space and orientation in continuity defects.

The obvious problems around the face are the unaccept-
able inconvenience of these devices in the short term and 
cosmetic defects in the long term. Pin sites frequently become 
infected and leave unsightly scars. After 6 to 8 weeks, the pins 
in the bone loosen. To obtain effective stability, two pins are 
required on each side of the fracture.

Locking screws attached to small plates are becoming 
popular, but this system constitutes an “internal” external 
fixator, because contact between the bone and the plate is not 
important. It is hoped this can make the fixation easier to use 
and equally rigid. These plates are larger and much more 
expensive than others. Although well-designed studies have 
shown that the system works,19 a randomized study compar-
ing this system with existing systems is not available. Caution 
must be exercised to ensure that the innovation is treating the 
existing problems and not just a manufacturer’s marketing 
gimmick. These plates are bulkier than a miniplate and must 
be removed more often, but they have a place in the treatment 
of difficult fractures with comminution, because these frac-
tures can behave like a continuity defect.
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fractures, because it may be difficult to have a good distribu-
tion of the wires around the jaws.

This system is inherently unstable because the wires  
stretch and then become loose. The use of screws to locate 
the Gunning splints has helped somewhat, especially in  
the lower jaw. The use of open reduction with appropriately 
sized plates has greatly improved the management of these 
fractures.

CONdYLAR NECK FRACTURES

Controversy abounds in this area of traumatology. Is it better 
to treat with a closed approach, relying on the activity of the 
musculature and dental occlusion to allow return to normal 
function, or should ORIF be applied? The closed approach 
has been shown in some studies to have poor outcomes, but 
others showed good results.10 ORIF ensures that the correct 
posterior facial height is restored, but it has complications15 
related to the surgical access, requires a long operative time, 
and in some cases, produces avascular necrosis of the condy-
lar head. There appears to be a trend toward surgical therapy, 
especially when the condylar head is displaced from the 
fossa.2

The controversy will remain until there is clear evidence 
for and against these two methods, but agreement does exist 
in some areas:

• In children, conservative, nonoperative approaches are the 
norm.

• For condylar neck fractures occurring in combination 
with displaced midface fractures, there is a need to estab-
lish the posterior vertical height of the face. Because at 
least one of the condylar necks must be intact, open 
surgery is needed if there is a bilateral fracture.

• If IMF is used, it should allow opening of the jaws, and 
guiding elastics should be used.

• Opening of intracapsular fractures carries a high risk of 
leading to avascular necrosis of the condylar head.

• Low subcondylar neck fractures are least likely to need 
open reduction.

• Grossly displaced neck fractures are most likely to need 
open reduction.

Classification of Condylar Fractures
There are many classification systems for condylar fractures, 
but a simple one seems to provide good comparisons with 
outcomes:

• Intracapsular condylar fractures
• Extracapsular condylar fractures

• Neck
• Low

• Isolated condylar fractures and those associated with other 
mandibular fractures

• Adult or child

Open Treatment
Although open treatment allows direct visualization of the 
fracture, improved reduction, and better fixation,22 these 
factors must be balanced against the potential risks to the 
facial nerve and maxillary artery. Even through an optimally 

both. Interfragmentary contact is poor, brittle, and unstable. 
The poor blood supply within the central cancellous bone 
places greater demands on an intact periosteal blood supply, 
making use of heavy large plates less desirable. Therefore, it 
is not surprising that these fractures are some of the most 
demanding to treat.

Management of the edentulous mandible is discussed in 
detail in Chapter 15. Despite the absence of well-designed 
studies reporting treatment outcomes, the literature appears 
to suggest that equally good results can be obtained by very 
different methods. Two retrospective studies20,21 showed that 
most problems arise in patients with mandibles less than 10 
mm high at the fracture site. These cases are rare, with both 
studies reporting about 15 patients in 10 years. Both articles 
drew attention to anecdotal reports of poor results from tra-
ditional methods, particularly the use of Gunning splints. It 
appears from these studies that equally good results were 
achieved by heavy rigid fixation and by minimal stabilization. 
In the latter approach, fresh rib bone grafts were used to 
provide stabilization and bone morphogenic protein to  
hasten healing. This finding warrants further investigation.

Less Severely Atrophic Edentulous jaws
The not severely atrophic edentulous jaw (fracture height >10 
mm) is of special interest because traditional methods of fixa-
tion are severely compromised by the lack of teeth. Gunning 
splints are useful. This approach consists of the use of modi-
fied dentures secured to the upper and lower jaws to provide 
IMF and stabilization. Splints are wired to the jaws, passing 
in the maxilla through the alveolus and passing in the man-
dible around the lower border. In the maxilla, the wires fre-
quently cut through the atrophic, edentulous alveolus and are 
therefore modified by wires passed higher up the facial 
skeleton—through the piriform rim or around the zygomatic 
arch, or both. In midface fractures, the wire tends to pull 
posteriorly. This is highly undesirable if the fracture has been 
displaced posteriorly. In the mandible, the solid bone makes 
the fixation much more rigid. Problems also arise with oblique 

FIGURE 7-13  This typical severely atrophic mandible was success-
fully  treated with  small  plate  fixation  and  good patient  compliance. 
(Copyright Media Studio, Cambridge University Hospitals NHS Foun-
dation Trust.)
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Ideal Properties of Biodegradable Materials
Resorbable or biodegradable plates and screws must exhibit 
several features before they become an accepted alternative 
to the various metal miniplates and screws currently avail-
able. They must be nontoxic, but this cannot be measured 
only in terms of local tissue reaction. They must be nonal-
lergenic and, in the long term, noncarcinogenic and nontera-
togenic. Data on the latter two features are not available for 
humans. Equally important, the degradation products must 
also be nontoxic.

Surgeons can most closely scrutinize the physical proper-
ties of these materials. Good strength and ease of handling 
are of paramount importance.28 These devices must provide 
adequate stability, enabling some movement but permitting 
reliable bone healing. They should have limited memory to 
allow correct adaptation and bending. The plates and screws 
should degrade completely within an acceptable time scale. 
One advantage of biodegradable materials over their metal 
counterparts is their noninterference with imaging.

Several biodegradable materials have been assessed in 
trials28:

• Polylactic acid (PLA)—four types depending on the l and 
d configurations (e.g., poly-l-lactide [PLLA], poly-d-lac-
tide [PDLA])

• Polyglycolic acid (PGA)
• Polydioxanone (PDS)
• Copolymers of PLA and PGA and self-reinforcing poly-

mers of PLLA and poly-dl-lactide (PDLLA)

Pure PGA and PLLA cause adverse reactions, and they are no 
longer used. There is much interest in the self-reinforcing 
copolymers of PLLA and PDLLA. These plates can be steril-
ized by γ-radiation, which improves the resorption character-
istics, enabling them to resorb faster. This has the benefit of 
avoiding the ethylene oxide remnants found on metallic fixa-
tion devices. These devices can easily be manipulated into the 
desired shape, typically using hot water baths at 70° C. They 
do not require a second operation for removal.

CONCLUSIONS

Through research and experience, maxillofacial surgeons 
have advanced the management of facial fractures during the 
past 2 decades. It is important that the specialty keep abreast 
of developments in the management of fractures from other 
disciplines, but we also should remain critical and ensure that 
we accurately appraise new techniques and materials.

It is essential that management continue to be based on 
the sound principles of care used throughout surgery. Accu-
rate diagnosis by a careful history, thorough examination, and 
carefully chosen special tests should lead to evidence-based 
treatment plans. The treatment plan should take account of 
the patient’s general medical condition and type of injury. It 
is reasonable to delay treatment until all of the required infor-
mation is available, especially adequate imaging studies.

In our litigious society, experienced surgeons should 
discuss the treatment options with the patient so that informed 
consent can be obtained. Equally, experienced surgeons 
should perform or direct any operation so that the benefit of 
the experience is appreciated by the patient or passed on to a 

placed access incision, the approach to the condyle is often 
difficult and leaves a facial scar. Several cosmetically accept-
able approaches have been suggested, such as the widely used 
retromandibular approach.23

ORIF ideally leads to an improved outcome in terms of 
function, preservation of posterior facial height, and reduced 
risk of malocclusion. However, the surgeon also must con-
sider the risks of postoperative infection, fixation device 
failure or fracture, and avascular necrosis of the condylar 
head.

An advantage of closed treatment of condylar head frac-
tures is that it is simple, and in some surgeons’ hands, it is 
very effective.5 However, if the outcome is suboptimal, the 
patient may be left with a poor occlusion or an anterior open 
bite if a bilateral condylar injury has been sustained. Devia-
tion on mouth opening is another unwanted consequence of 
inadequately treated condylar fractures.25 The data are inad-
equate to help decide protocol, and clinical decisions must be 
made on an individual basis.

REMOVAL OF FIxATION dEVICES

Plates are foreign bodies, and they should ideally be removed 
after they have assisted fracture healing. Most plates are  
made of titanium, which is considered to be inert but is  
bioactive,26,27 especially where the plates contact bone or 
screws.

Plate removal is commonly undertaken in orthopedic 
practices and in many maxillofacial units in mainland Europe. 
However, in the United Kingdom and the United States, 
plates are not routinely removed. Removal is undertaken in 
the event of symptoms, which occur in 5% to 20% of cases. 
Fewer plates need removal in the midface and in patients 
having elective orthognathic surgery.7 Removal often requires 
the added risks of another general anesthesia or further 
surgery, which usually are considered too great to justify 
routine removal.

Debate has become more vigorous with the introduction 
of new materials. Titanium, for example, is thought to be 
more biocompatible than many traditional materials, such as 
Vitallium and stainless steel, which corrode. However, no 
plate is completely bioinert, and studies of patients with 
dental or other implants have demonstrated titanium in the 
lymphatic system.24

There has been a move toward development of biodegrad-
able materials. These materials do not have the range of prop-
erties to substitute for all desirable characteristics of the 
metallic plating systems. Further understanding about how 
these materials are actively degraded is required. The process 
seems to involve active phagocytosis or enzymatic degrada-
tion, or both. Neither process is truly inert. This is a rapidly 
developing field,19 and although some animal studies suggest 
that complete degradation occurs, great caution is needed. 
The degree of degradation also depends on how carefully the 
local tissues are examined for degradation products; for 
example, with electron microscopy (EM) or simple light 
microscopy. EM studies suggest that these products remain, 
but the relevance of these fragments is not understood. 
However, as with the successful litigation regarding certain 
types of breast implants despite scientific evidence, EM 
deposits from resorbable plates may some day be implicated 
in a variety of apparently unrelated conditions.
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trainee. The only way to ensure good outcomes is to audit our 
activity carefully.

Open reduction is associated with low morbidity rates in 
terms of cosmesis and risk of infection, and it should be 
considered the technique of choice for facial fractures unless 
there is an overriding reason for using the closed method. 
Internal fixation with miniplates has become the gold stan-
dard, although this standard may change over the next few 
years as the use of biodegradable plates becomes more 
common.

Problem areas of facial fracture management include 
childhood bony injuries and edentulous lower jaws. The 
threshold for ORIF is higher in children than in adults, 
because immature facial bones have a greater capacity to heal 
without intervention and because the use of plating systems, 
although they may initially assist healing, can impair later 
growth. Treatment of edentulous jaws has been improved by 
the use of miniplates, but the severely atrophic mandible 
requires extra care in management.

The management of condylar fractures is likely to remain 
controversial for some time; the fact that these injuries are 
treated in so many different ways is testament to this. Pro-
spective research is required to establish the optimal choices 
for condylar fractures in any given circumstance.
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The use of implantable biomaterials and devices plays a 
critical role in reconstruction of most traumatic facial 
injuries, particularly those of the underlying bony 

skeleton. Significant advances in materials science and engi-
neering during the latter half of the 20th century have made 
the internal use of alloplastic implants an integral part of 
many primary and secondary facial procedures. Their use can 
also be traced to the simultaneous development of broad-
spectrum antibiotics, an improved understanding of the 
healing of bone and soft tissues, and the remarkable tolerance 
of well-vascularized facial tissues to alloplastic materials.

Alloplastic implants are made from a wide array of bioma-
terials and have diverse physical structures and properties,  
principally dictated by their role, broadly those used for short 
term use to aid healing, or long term deformity. The facial 
surgeon may have difficulty interpreting the merits of the 
particular biomaterial and its appropriateness for the specific 
facial site. In the future, novel biomaterials will be fabricated, 
and pharmacological technology (e.g., antibiotics, growth 
factors) will be merged with existing biomaterials to produce 
new types of surgical implants. Selection of a synthetic 
implant should be based on knowledge of its chemical com-
position, its physical structure, and the proposed site of tissue 
implantation. Surgeons must also look critically at manufac-
turer’s claims, recognizing that the implant will be in place 
for many years.

ALLOPLASTIC MATERIALS, BIOCOMPATIBILITY, 
ANd WOUNd HEALINg

Alloplastic materials can be described by the term synthetic, 
indicating that they are manufactured from nonorganic 
sources. They should not be confused with allografts, hetero-
grafts, or xenogeneic materials, which are derived from 
organic sources and represent a completely different type of 
surgical implant that carries different risks from those of allo-
plastic materials (e.g., immunological rejection, transmission 
of viral diseases). Alloplastic implants provide an array of 
reconstructive materials that offer solutions to many facial 
needs, and their use often simplifies the operative procedure 
in terms of time and complexity of technique.

For an alloplastic material to be clinically successful, it 
must be biocompatible, entailing an acceptable interaction 
between the host and the implanted material. The level of 
material biocompatibility is influenced by several major 

factors, including the host reaction to the physical character-
istics of the implant material, the tissue site of implantation, 
and the surgical technique of placement.1 The difficulty in 
developing consistent and long-term biomaterial success after 
implantation underscores the complex interactions between 
an implant and the body and explains why so few safe and 
effective biomaterials exist despite the tremendous advances 
that have been made in biomaterial development and engi-
neering during the past 50 years.

The end-stage healing response to most biomaterials is the 
formation of an enveloping fibroconnective tissue scar or 
fibrous encapsulation. This reaction is initiated with the sur-
gical implantation procedure, which generates an acute 
inflammatory response due to the induced tissue damage; 
this is followed by a cascade of events, including chronic 
inflammation, granulation tissue development, foreign body 
reaction, and ultimately an enveloping fibrosis. The fibrous 
capsule represents the body’s reparative response, which is to 
separate the body from the foreign material, and is essentially 
a biologic barrier between self and nonself. Almost all bioma-
terials implanted in the face develop a surrounding fibrous 
scar, with the one exception of metallic plates used for bone 
fixation, which can develop bone attachment directly to the 
implant.

PRINCIPLES OF FACIAL ALLOPLASTIC  
MATERIAL SELECTION ANd SURgICAL 
PLACEMENT

Although the composition of implanted alloplastic material 
has an impact on biocompatibility, the anatomic location of 
placement and the surgical technique used to place the 
implant have an equal or greater effect on long-term clinical 
success. Ensuring that the biomaterial is appropriately 
matched to the tissue plane within which it will be implanted 
is ultimately the responsibility of the surgeon.

When the tissue quality of the recipient site is initially 
assessed, emphasis is placed on vascularity and adequacy of 
soft tissue coverage. Decreased vascularity due to scar or 
prior operations or irradiation compromises the establish-
ment of a normal fibrovascular tissue encapsulation and sig-
nificantly limits a proper inflammatory response if the surface 
of the biomaterial becomes inoculated or infected second-
arily. Soft tissue coverage over an implant should be as thick 
as possible, because the thinner the overlying tissue coverage, 
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the greater the likelihood over time that implant exposure or 
extrusion may occur. Alloplastic implants that are more 
deeply placed (e.g., subperiosteal, submuscular plane) rarely 
develop exposure. Implants placed immediately under the 
skin or with thin overlying subcutaneous fat eventually may 
develop thinning of the skin, particularly if the material lacks 
sufficient flexibility or if it is placed in an area of significant 
tissue mobility. In either case, the overlying dermis of the skin 
thins due to pressure of the underlying avascular implant. 
Placement of an implant into or through a tissue plane of 
existing or recent contamination significantly increases the 
risk of subsequent infection. Because most alloplastic implants 
never establish an intramaterial vascular supply and have an 
affinity for bacterial adhesion, alloplastic tolerance is very low 
for wounds that are contaminated or are in contact with facial 
sinuses. Fortunately, implant placement in the face is fairly 
forgiving.

The size of the implant should be considered in relation to 
that of the tissue pocket or wound cavity. An implant that 
places the surrounding soft tissue under tension is more likely 
to extrude or become exposed, particularly if there are other 
adverse tissue or implant characteristics. In certain clinical 
situations, the overlying soft tissue can safely stretch and 
expand to accommodate large biomaterial placements. 
However, this is most safely done when the implant has a 
thick overlying soft tissue layer or is placed in the submuscu-
lar plane.

Implant mobility should be minimized by fixation to the 
most stable adjacent structure whenever practical or be 
placed in a well-contained, healthy tissue pocket. This ensures 
the desired postoperative implant position and prevents 
migration or exposure of the implant to other, less desirable 
tissue planes.

Patients undergoing alloplastic facial implantation should 
receive an intravenous antibiotic infusion during placement, 
followed by an oral course postoperatively. Other than cover-
age for Staphylococcus or Streptococcus, depending on the 
path of insertion (e.g., intraoral, transcutaneous, transcon-
junctival), no specific antibiotic or duration of administration 
has been shown to have a superior clinical advantage. The 
rationale for antibiotic coverage is to prevent or eliminate any 
bacterial inoculation that may have occurred on the implant 
surface. No large clinical trials have been conducted to 
confirm that this is true, but it appears to have no compelling 
disadvantage. Additional antibiotic coverage for certain types 
of facial implants is often sought by washing or soaking of the 
implant before intraoperative insertion. The value of this 
technique is best determined by the hydrophilicity or wetting 
ability of the implant material. Increased hydrophilic capacity 
of a biomaterial allows more antibiotic solution to be drawn 
into the implant. Whether this antibiotic impregnation lowers 
the postoperative infection rate is unknown, but this intraop-
erative technique is widely used, particularly for nonmetal 
implants. With less hydrophilic or overtly hydrophobic bio-
materials, antibiotic soaking only mechanically removes any 
bacteria or contamination that has inadvertently become 
attached to the implant surface during the placement process, 
and it is likely to be no more effective than washing with any 
nonantibiotic solution.

Intraoperative handling of the implant is associated with 
the risk of postoperative infection. Extensive handling or 
exposure of the implant before insertion should be avoided. 

The implant should not be removed from its sterile packaging 
until the pocket or recipient site has been fully dissected and 
irrigated. Once removed from its sterile package or container, 
the implant should be handled by instruments and have 
minimal contact with the contaminated gloved hand. Ideally, 
new gloves should be used if the implant is to be manually 
handled. Implant contact with the surrounding skin or oral 
cavity should be minimized to prevent a final source of bacte-
rial transmission onto the implant surface. Whether these 
intraoperative techniques decrease the risk of postoperative 
infection is difficult to prove, but they are reasonable and 
prudent precautions to decrease potential postoperative 
complications.

ALLOPLASTIC IMPLANT TYPES

Although many types of implants have been used over  
the past 25 years, only some classifications of biomaterials 
have a significant clinical history of successful use for soft  
or hard tissue replacement and repair. Several biomaterials 
are commercially available for surgical implantation: dimeth-
ylsiloxane, polytetrafluoroethylene, polyethylene, polyester, 
polyamide, and acrylic polymers; titanium and gold metals; 
calcium phosphate–based biomaterials; and cyanoacrylate 
adhesives.

SILICONE

The use of dimethylsiloxane (silicone) is widespread through-
out many areas of medicine and surgery and is associated 
with a remarkable paucity of significant adverse tissue reac-
tivity. It is used in the face primarily as onlay implants for 
reconstruction of zygomatic, maxillary, nasal, and mandibu-
lar contours (Fig. 8-1).

Silicone is a polymer created from interlinking of silicon 
and oxygen (positions 14 and 8, respectively, on the periodic 
table of chemical elements) with methyl side groups; it is the 
only noncarbon chain polymer used in medical implantation 
devices. The backbone of this polymer has alternating mono-
mers of dimethylsiloxane, SiO(CH3)2, and is extremely resis-
tant to degradation in the body due to the very strong and 
stable silicon-oxygen bonds. When the monomers of di-
methylsiloxane are linked together, polydimethylsiloxane is 
formed, and the amount of crosslinking between different 
strands of polydimethylsiloxane results in various physical 
forms. Minimal crosslinking produces a gel, which was  
commonly used in the past as the filler material for breast 
implants. When combined with silica particles and other 
chemical reagents, a silicone gel can be converted (i.e., vulca-
nized) into a solid rubber. The varying elasticity of silicone 
rubber gives it great clinical versatility for use as various  
facial implants. The excellent biocompatibility of silicone  
materials in the body may have some relation to its proximity 
to carbon (position number 6) on the periodic table of  
chemical elements.2

Implants composed of solid silicone represent one of the 
earliest alloplastic materials used with extensive applications 
for facial skeletal augmentation procedures.3 Although the 
material was initially developed for use in the chin, an exten-
sive array of implants have become available for every con-
ceivable facial site, including the parasymphysis; inferior 
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It was withdrawn after a misconceived approach of using it 
in the temporomandibular joint as a meniscal replacement or 
as part of a glenoid fossa or condylar joint prosthesis, where 
it was exposed to mechanical loads resulting in delamination, 
material fragmentation, particulation, and subsequent foreign 
body reactions.

However, PTFE has been reborn as a subcutaneous aug-
mentation material (SAM) (W.L. Gore and Associates, Flag-
staff, Ariz). Based on the manufacturer’s extensive experience 
with other surgical implants composed of PTFE (e.g., vascu-
lar prostheses, soft tissue patches, sutures), a variety of blocks, 
preformed implants, strips, and strands are available for facial 
augmentation from subperiosteal to subdermal placement 
(Fig. 8-2). The material is composed of fine, expanded PTFE 
fibrils that are oriented and held together by solid pieces of 
the same material. The fibrillar composition results in non-
interconnected surface openings with pore sizes of 10 to 
30 µm. This allows for some soft tissue ingrowth, less fibrous 
encapsulation, and little tendency for migration. The material 
is easily shaped with scalpel and scissors, may be resterilized 
(stable at temperatures up to 325° F) if not used, threads easily 
through subcutaneous tissue and into tissue pockets, and can 
be anchored to adjacent tissues by sutures or screws.

With its long history of use as a vascular prosthesis since 
1975 and in other abdominal and thoracic surgery applica-
tions, its clinical safety is well established, and extensive his-
tologic evaluations of its tissue response have been done. It 
has been approved as an implant material for facial applica-
tions since 1994 and has been widely employed for subdermal 
implantation in the lip, nasolabial folds, glabella, nasal 
dorsum, and other subcutaneous facial defects; as slings for 
ptotic tissues of the eyelid and face; and for bony augmenta-
tion of the midface, malar, and mandibular areas.4,5 In block 
form, its compressive deformability by handling has been 
improved by the addition of reinforcement layers. Its ease of 
removal in subcutaneous sites due to the lack of significant 
ingrowth offers an advantage in the event of infection or if 
additional augmentation or modification of the material is 
required secondarily. In areas of thin skin with little subcuta-
neous substance (e.g., nasal dorsum), PTFE, like all other 
inorganic materials, should be used cautiously because of the 
higher potential for complications.6

border and mandibular ramus (angle); paranasal, infraor-
bital, maxillary, and malar sites; orbital floor and globe; nasal 
dorsum and columella; and ear (see Fig. 8-1). Solid silicone 
offers several advantages: it is easy to sterilize by steam auto-
claving or irradiation without degradation of the implant;  
it is easily modified intraoperatively by scalpel or scissors; it 
retains its flexibility through a wide temperature range; it can 
be stabilized by suture or screw fixation through the implant; 
and it is economical.

Solid silicone has a high degree of chemical inertness, is 
hydrophobic, and is extremely resistant to degradation. No 
significant clinical toxicity or allergic reactions appear to 
exist. Tissue ingrowth or attachment to the implant does not 
occur, and it acts as a relatively inert filler with a predictable 
surrounding fibrous encapsulation that may change very little 
or not at all over a long period of implantation. When the 
implant is exposed to mechanical loading, fragmentation of 
the material and a synovitis may occur because of its poor 
mechanical properties. Therefore, it should not be used in the 
temporomandibular joint as an arthroplastic or interface 
material.

POLYTETRAFLUOROETHYLENE

The perfluorocarbons represent a very biocompatible group 
of carbon-based biomaterials that are used in almost every 
specialty of surgery and in dentistry. They have an ethylene 
(carbon) backbone to which is attached four fluorine mole-
cules, producing polytetrafluoroethylene (PTFE).

The bonding of highly reactive fluorine to carbon creates 
an extremely stable biomaterial that is not biodegradable in 
the body due to the lack of any known human enzyme that 
can disrupt the fluorine-carbon bonds.2,3 In addition to its 
chemical stability, its surface is very nonadherent, with sig-
nificant antifrictional properties. Because of the lack of cross-
linking in its molecular structure, it is very flexible and has a 
low tensile strength.

PTFE was originally introduced in facial surgery in the 
1980s as a skeletal augmentation material known as Proplast; 
it was combined with graphite (Proplast I), alumina (Proplast 
II), or hydroxyapatite (Proplast-HA) as preformed or block 
facial implants. It is no longer available in the United States. 

FIGURE 8-1  Silicone (Silastic)  implants are available for a wide variety of onlay facial contouring 
procedures. A, Mandibular chin implants. B, Midfacial malar implants. 

A B
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POLYESTERS

The polyester compounds are one of the most widely used 
families of biomaterials in surgery. They comprise a diverse 
group of surgical devices that have a wide range of shapes 
(e.g., suture, mesh, vascular conduits, plates, screws) and sites 
of tissue implantation, with physical properties that extend 
from resorbable to permanent implants. They are composed 
of large, linear, aromatic (permanent) or aliphatic (resorb-
able) thermoplastic polymers created by the establishment of 
ester linkages between the carbon bonds.

Polyethylene Terephthalate
Besides suture materials, the most widely recognized surgical 
implants of the polyethylene terephthalate (PET) group are 
the synthetic meshes such as Dacron (DuPont Chemical, 
Philadelphia, PA) and Mersilene (Ethicon, Somerville,  
NJ). This material has a long history of use as knitted and 
woven prostheses for arterial vessel replacement. Like Marlex, 
PET mesh is used for abdominal and chest wall replacement. 
The knitted multifilament mesh material is essentially 

POLYETHYLENE

Polyethylene has a simple carbon chain structure and is dif-
ferentiated from PTFE by lack of fluorination of the ethylene 
monomer. It is available commercially in three major grades: 
low-density, high-density, and ultrahigh-molecular-weight 
polyethylene. Ultrahigh-molecular-weight polyethylene is 
used for load-bearing orthopedic implant fabrications due to 
its superior mechanical properties and low propensity for 
creep. High-density polyethylene (HDPE) is used in facial 
surgery because of its higher tensile strength compared with 
low-density grades. Like PTFE, it is non-resorbable and 
highly biocompatible, with no tendency for chronic inflam-
matory reactions. HDPE and PTFE are chemically similar, 
but HDPE has a much firmer consistency that resists material 
compression but permits a degree of flexibility. In addition, it 
has an intramaterial porosity with a pore size between 125 
and 250 µm, which permits extensive fibrovascular ingrowth 
throughout the implant. Limited bone ingrowth may occur 
in some clinical circumstances, but the material should not 
be considered osteoconductive.

Although it can be produced in a variety of physical forms, 
it initially experienced significant use as a mesh for abdomi-
nal and chest wall reconstruction (Marlex) and is still favored 
by some surgeons because of its superior tensile strength. 
HDPE has been used successfully as a facial augmentation 
material, and a variety of preformed facial, ear, orbital, and 
cranial implants are available7,8 (Medpor, Porex Medical, Fair-
burn, Ga) (Fig. 8-3). Fibrous ingrowth into HDPE has several 
important clinical manifestations: eventual stabilization of 
the implant to the recipient site, greater difficulty with sec-
ondary removal, and minimal settling of the implant (i.e., 
underlying bone resorption) in areas of overlying soft tissue 
tension (e.g., chin). HDPE can be shaped intraoperatively 
with some difficulty compared with other softer biomaterials; 
it can be loaded with antibiotics by syringe vacuum impreg-
nation (which displaces the air within the material; the mate-
rial itself is hydrophobic); and it accepts drilling and fixation 
techniques without fracture of the implant. Care should be 
taken when placing the material immediately underneath a 
thin soft tissue cover because it can be exposed by trauma or 
lead to infection.

FIGURE 8-2  Gore-Tex subcutaneous augmentation material (SAM) implants are available as strands 
and cords for subdermal implantation and as blocks (A) and preformed implants (B) for subperiosteal 
onlay implantation. 

A B

FIGURE 8-3  Polyethylene  craniofacial  implants  demonstrate  the 
porous  surface  of  the  material  and  a  variety  of  onlay  facial 
applications. 
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linkages, followed by a metabolic cellular response through 
fibrovascular ingrowth that permits macrophages to clear the 
monomeric debris.10 Molecular weight reduction by hydroly-
sis usually precedes strength loss, which precedes mass loss. 
A resorbable implant loses its mechanical strength long 
before the polymer material is resorbed. The use of essentially 
amorphous polymeric materials (i.e., those with little or no 
crystallinity and low molecular weight) appears to be the 
primary reason why previous negative experiences in ortho-
pedic and maxillofacial surgery (inflammation and lack of 
device resorption) have not occurred with these contempo-
rary resorbable implants. Some so-called amorphous materi-
als may form crystals during the resorption process. Because 
the process is a foreign body reaction, patients should be 
warned that redness and sterile abscess formation may occur.

Implants were initially used in immature bone in pediatric 
craniofacial surgery, and their use has been successfully 
extended to midfacial fracture sites11,12 (Fig. 8-4). Further 
work is needed to determine their potential effectiveness in 
more load-bearing applications for the mandible. Given the 
large number of resorbable implants (e.g., suture anchors, 
bone pins, meniscal staples, bone plates, bone screws) in use 
in orthopedic surgery and the diverse number of new poly(α)-
esters and manufacturing methods available, novel polymeric 
varieties of resorbable implants for craniomaxillofacial 
surgery from various manufacturers are likely in the immedi-
ate future.

POLYAMIdE

Polyamides are organopolymer derivatives of nylon that are 
chemically related to the polyester family of materials. They 
are best known clinically as a mesh material (Supramid, S. 
Jackson. Alexandria, VA).3 They are very hydroscopic, are 
structurally unstable in vivo, and undergo hydrolytic degra-
dation. Histologically, the material is degraded with a mild 
foreign body reaction. They were once used for nasal con-
touring and augmentation genioplasty, but clinical experi-
ence demonstrated that fibrosis and resorption of the material 
occurred over time. Although still used by some surgeons for 
orbital floor reconstruction, this material is now largely of 
historical interest.

ACRYLIC

Acrylic biomaterials are derived from polymerized esters of 
acrylic or methylacrylic acids. With a long history of use in 
orthopedic surgery as a bone cement for joint prostheses, 
polymethylmethacrylate resin (PMMA) is fabricated intraop-
eratively (cold curing) by mixing a liquid monomer with a 
powdered polymer. An exothermic reaction results (tempera-
tures can be as high as 80° C) as the two polymers cure over 
8 to 10 minutes, creating a rigid, almost translucent plastic. 
Although the monomer is extremely allergenic and cytotoxic, 
the mixing and initial polymerization process occurs outside 
the body, and very little free monomer comes into contact 
with tissue. Once formed, PMMA is impervious, nonbiode-
gradable, and tolerated in the body by the development of a 
relatively avascular fibrous capsule. It has a long history of use 
in orthopedic surgery as a bone cement for fixation of joint 
replacements, but it has achieved its greatest use in plastic 
surgery for cranioplasty procedures in filling full-thickness 

nonreactive, becomes encased in an interwoven fibrous tissue 
matrix, and should be non-resorbable. It has found limited 
applications in facial surgery but has some proponents as an 
onlay facial and nasal augmentation material. It is primarily 
used in genioplasty procedures, for which it is rolled onto 
itself, sutured, shaped, and inserted as an onlay to the sym-
physeal region.9 Because of the fibrous ingrowth and its soft 
flexible nature, fixation to the implantation site without pal-
pable edges is usually ensured. Secondary removal can be 
difficult, however, and it is often necessary to remove a cuff 
of surrounding tissue. For this reason, use of PET mesh in 
areas of thin overlying skin (e.g., nose) should be avoided.

A special use of PET mesh in the past was its application 
as a craniofacial reconstructive material, which was rein-
forced with polyurethane (Xomed, Jacksonville, FL). Avail-
able in a mandibular reconstructive tray or as a sheet for 
cranial coverage, it provided a porous material for bone graft 
containment or defect coverage. Because of the development 
of metallic mesh and other, more stable metal reconstructive 
systems, Dacron-polyurethane implants are rarely used now.

Resorbable Polymers
The aliphatic polyesters are the most widely used class of 
resorbable polymers in surgery, and the poly(α-hydroxy) 
acids (PHAs), consisting of six-membered lactone rings 
known as lactide and glycolide, comprise most resorbable 
implantable devices commercially sold. Through ring opening 
polymerization of lactide and glycolide, the homopolymers 
polylactic acid (PLA) and polyglycolic acid (PGA) are created. 
With more than 20 years of human use, these resorbable 
polymers have a very safe history, accounting for the wide 
array of surgical devices available.

The clinical applications for these polymers extend from 
tissue repair and regeneration to drug delivery in a wide 
range of medical and dental specialties, but they initially 
achieved awareness in surgery as braided, resorbable suture 
material. The introduction of Dexon suture (pure PGA, Davis 
& Geck, Wayne, NJ) in 1971 was followed by the development 
of suture material from a copolymer of PGA and PLA (Vicryl 
[90% PGA, 10% PLA], Ethicon, Somerville, NJ). Improve-
ments in handling properties were obtained by the develop-
ment of smooth, resorbable, monofilament sutures composed 
of new PHAs, including Maxon (polyglyconate, a glycolide 
and trimethylene carbonate copolymer, Davis & Geck) and 
Monocryl (polyglecaprone 25, a glycolide and ε-caprolactone 
copolymer, Ethicon).

From the standpoint of a nonsuture implant, the most 
common application of copolymers in facial surgery is  
as bone fixation devices. Plates and screws composed of  
82% PLA and 18% PGA (LactoSorb, Walter Lorenz Surgical, 
Jacksonville, FL) became available for craniomaxillofacial 
applications in 1996. This copolymer combination combines 
the more hydrophilic and rapidly resorbing PGA with the 
more hydrophobic and very slowly resorbing PLA to produce 
workable fixation devices that maintain strength long enough 
for craniofacial bone healing (6-8 weeks) while ensuring 
eventual complete resorption (approximately 1 year, depend-
ing on polymer mass and site of implantation) without 
inflammatory reactions.

As with suture material, resorption of these devices is a 
two-phase process, beginning with a physicochemical process 
of absorption of water (hydrolysis), which separates the ester 
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intraoperative fabrication, and adaptation (contourable with 
a handpiece and bur after curing). It can be loaded with anti-
biotics by mixing antibiotic powder in the acrylic resin, is 
very durable, and can be heated or autoclaved without change 
in its physical form. Although PMMA is rigid, the adjunctive 
use of metal mesh reinforcement decreases the risk of fracture 
on impact and more closely approximates the strength of 
cranial bone. Because of antibiotic impregnation and its 

cranial defects or in secondary forehead contouring13 
(Fig. 8-5).

PMMA is a powdered mixture of methylmethacrylate 
polymer and methylmethacrylate-styrene copolymer and a 
benzyl peroxide monomer; it essentially is identical to the 
acrylic materials used in dentistry (Cranioplastic, Codman 
and Shurleff, Randolph, MA). This mixture offers numerous 
advantages for these procedures, including a very low cost, 

FIGURE 8-4  A, Resorbable polymer (LactoSorb) craniomaxillofacial bone plate and screw fixation 
devices are used in the fixation of facial fractures. B, Zygomatic fracture fixation with cranial bone grafts 
across the face of the maxilla. C, Infraorbital rim fracture fixation. 

A

B

C

FIGURE 8-5  Liquid  monomer  and  powdered  polymethylmethacrylate  resin  (PMMA)  polymer  are 
mixed and cured intraoperatively for a frontal cranioplasty. A, Liquid and powder components. B, Cured 
in situ for frontal cranioplasty. 

A B



138 C HA P T E R 8 Alloplastic Biomaterials for Facial Reconstruction

cranial contour in a short operative period. Precise interlock-
ing of the implant to the defect allows for good stabilization, 
or the material may be drilled and fixation hardware applied. 
Cost of this reconstructive approach is significantly higher 
than with pure PMMA due to the CT scan and preoperative 
implant fabrication time.

METALS

Metals have been used in facial surgery for the past 30 years 
for skull reconstruction, for repair and reconstruction of cra-
niofacial and upper extremity skeletal injuries, and as an 
adjunct to oral and craniofacial prosthetic rehabilitation. The 
biocompatibility of metal implants is primarily determined 
by their surface properties and corrosion (i.e., electrochemi-
cal conversion of a metal to its base compounds) resistance. 
After implantation, an oxide layer quickly forms on the 
metal’s surface that determines its resistance to corrosion and 
the amount of leaching of metals or oxides into the adjacent 
tissues.16 The combination of corrosion and metal ion release 
may cause pain and localized tissue reactions around the 
implant, necessitating its removal. Migration of metal ions to 
distant tissue and organ sites has been reported, but their 
long-term implications are unknown.

Stainless steel, Vitallium, and titanium have been used 
successfully for implantation in humans. Stainless steel 
implants (i.e., alloy of iron, nickel, and molybdenum, with a 
surface layer of chromium oxide), however, have a higher 
corrosion potential, have a greater amount of metal ion 
release, and are more likely to require secondary removal. The 
nickel content also contributes to an increased incidence of 
allergic reactions. As a result, the use of stainless steel for 
craniofacial implants has dramatically decreased. Vitallium 
was introduced in the 1930s to help overcome the corrosion 
problem with stainless steel. It is a cobalt-chromium alloy  
that has strength comparable to that of stainless steel, and  
its development as a bone-plating system in the 1980s helped 
revolutionize facial skeletal surgery.17 Although it also 
forms a chromium oxide surface layer, it is much more highly 
resistant to corrosion than stainless steel due to the higher 
concentration of chromium in the alloy. Because of concerns 
about radiographic imaging and artifact scatter, Vitallium  
has lost favor for most craniofacial indications. It has  
been replaced by titanium, for which these issues are not a 
concern.

Unlike other metals manufactured for medical devices, 
titanium is a pure material (element 22 on the periodic table), 
and there have been no reports of titanium allergy, toxicity, 
or tumorigenesis. It is most commonly manufactured and 
available clinically as pure titanium or as an alloy with small 
amounts of other metals (e.g., Ti-6A-4V: 6% aluminum and 
4% vanadium), which improve the strength of the material 
considerably. Titanium forms a titanium oxide surface layer 
that is very adherent and highly resistant to corrosion, and 
even if the oxide layer is damaged, it reforms in milliseconds. 
This superior corrosion resistance makes titanium highly bio-
compatible. The low density of the metal allows it to have 
minimal x-ray attenuation, and it does not produce artifact 
on CT or magnetic resonance images. These properties, com-
bined with its strength, make titanium the best metal avail-
able for the requirements of craniomaxillofacial bone 
stabilization18 (Fig. 8-7).

documented postoperative release, PMMA beads have been 
used in the treatment of infected craniofacial fractures and 
reconstructions.

PMMA has several unique disadvantages. It has a pro-
found and offensive odor when mixed, which has caused 
allergic reactions to its fumes among operative room person-
nel; female support staff who are pregnant or are trying to 
become pregnant should be asked to leave the operating 
room. The high cure temperatures require cool irrigation 
after placement until the material sets to prevent thermal 
damage to adjacent tissues. It has a very high bacterial adhe-
sion property, which makes it poorly tolerated in the body 
once infected or in proximity to the oral cavity, air-filled 
sinuses, or tissues with recent infection.14 Thinning of the 
overlying skin, implant exposure, and infection can occur 
with long-term implantation in pediatric cranioplasties.

A distinct variation of PMMA with some different physi-
cal properties is a hard tissue replacement (HTR). It is a 
composite of PMMA and polyhydroxyethylmethacrylate 
(pHEMA) and has significant strength, interconnected poros-
ity, marked hydrophilicity, and a calcium hydroxide coating 
that imparts a negative surface charge. Although it has a long 
clinical history of use in dentistry and jaw implantation as a 
granular bone replacement material, it is also available as a 
preformed (heat-cured) craniofacial implant (HTR-PMI, 
Walter Lorenz Surgical, Jacksonville, FL) that is custom man-
ufactured to the patient’s defect from a computed tomogra-
phy (CT) study. It is useful as a replacement for large, 
full-thickness defects involving the cranial, frontal, and 
orbital regions, where sufficient autologous material may not 
be available or there is significant morbidity due to the size 
of the donor defect (Fig. 8-6). This typically occurs when 
craniotomy bone flaps are lost due to postoperative infection 
or when significant cranial bone is lost due to trauma. Unlike 
traditional PMMA, the interconnected porosity of the mate-
rial allows extensive fibrovascular ingrowth throughout the 
implant and may allow for some limited bony ingrowth at the 
implant-tissue interface.15 The custom design of the implant 
enables a reconstructive procedure that produces an optimal 

FIGURE 8-6  Computer-generated cranial  implant  is composed of 
sintered hard tissue replacement (HTR) granules, creating an anatomic 
prosthesis  with  interconnected  porosity  for  reconstruction  of  a  large 
frontal-orbital defect. 
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tissue to a bone site. Although used mainly in orthopedic 
surgery, their continued refinement and miniaturization have 
led to certain facial surgery applications, such as orbital 
canthal repositioning and facial soft tissue reattachment and 
suspensions.20

Although gold was used for one of the first surgical 
implants, it is commonly used today only in dentistry. Unlike 
other pure metals, gold is a noble element (number 79 on the 
periodic table) that does not develop a layer of oxide on its 
surface after implantation. As a result, it is exceptionally well 
tolerated in the body but typically is not used as a conven-
tional metal implant due to its lack of strength (i.e., softness) 
and expense. It has one surgical use as an upper eyelid implant 
for the treatment of acquired ptosis in facial nerve palsies.21 
It is produced from 99.99% pure gold and is available in dif-
ferent spherically shaped sizes, with weights between 0.6 and 
1.6 g (MedDev, Palo Alto, CA). The gold weights are placed 
in a subcutaneous plane above the tarsus and have a low rate 
of postoperative exposure or extrusion (Fig. 8-9).

CALCIUM PHOSPHATE

Implants composed of calcium phosphate have been com-
mercially available for almost 20 years as bone replacement 
or augmentation materials. Unlike most other alloplasts  
that are inert, these materials are bioactive (i.e., capable of 

Titanium has a unique role in osseo-integration, which is 
defined as direct contact between metal and bone, without a 
fibrous interface, at the light microscopic level. This healing 
response provides the needed stability for long-term reten-
tion of bone-anchored dental prostheses. Although the bio-
compatibility of titanium for this purpose is important, other 
parameters contribute, including surgical technique (e.g., 
keeping the thermal insult to the bone during drilling to less 
than 44° C), osseous quality of the implant bed, implant 
design, and exposure to the amount and duration of postop-
erative loading conditions.19 The scientific principle of osseo-
integration of titanium implants has revolutionized prosthetic 
reconstruction of the edentulous mandible and maxilla, as 
well as single tooth replacement. Its success in the demanding 
intraoral environment has led to numerous craniofacial 
applications for extraoral retention of facial prostheses and 
hearing aids, which have a reasonable retention rate even in 
irradiated bone (Fig. 8-8).

The newest application of titanium is in the form of bone-
anchored suturing devices. Used as a titanium anchor screw 
or a self-deploying barbed anchor, the devices are designed 
to be implanted into bone onto which resorbable or perma-
nent sutures are placed. The suture anchor is composed of a 
titanium body with internal wire arcs (which spring apart 
after anchor insertion) composed of a titanium-nickel alloy 
(Nitinol). This provides a secure method for attaching soft 

FIGURE 8-7  A, Titanium plates and screws are the standard method of metal fixation of all  facial 
fractures.  B,  Complex  fronto-orbital  zygomatic  fracture  fixation.  C,  Mandibular  symphyseal  fracture 
fixation. 

A B

C
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blocks were difficult to shape and prone to extrusion. Dense 
hydroxyapatite was replaced by a different physical structure. 
Porous forms of hydroxyapatite are based on the structure of 
marine corals (i.e., calcium carbonate skeletons) and have an 
interconnecting porosity of a size (50-200 µm) that permits 
fibrovascular and osseous ingrowth and the potential for cell-
mediated resorption and osseous replacement. Of the avail-
able porous hydroxyapatite forms, the granules have achieved 
the greatest use as an augmentation material for the cranio-
facial skeleton22 (Fig. 8-10). The block forms have been pri-
marily used as an interpositional graft material in facial 
skeletal osteotomies, are shaped and contoured with some 
difficulty due to potential fracturing, and should not be used 
in load-bearing facial areas. After tissue ingrowth is complete, 
almost one half of the block implant remains as residual 
hydroxyapatite that does appear to resorb, albeit very slowly 
at approximately 1% per year. Although very biocompatible 
and well tolerated after placement, preformed hydroxyapatite 
has been of less value than initially perceived due to contin-
ued handling and recipient site containment issues, an inabil-
ity to tolerate any significant load bearing, and incomplete or 
no bony replacement.

Nonceramic (i.e., not sintered to make a stable physical 
structure) forms of hydroxyapatite are available as powder 
and liquid mixtures that are mixed intraoperatively, filled or 
contoured into the bony defect, and subsequently converted 
in vivo by direct crystallization without heat formation to 
pure hydroxyapatite.23 Multiple varieties of these mixtures 
form a dense cement that sets in 5 to 30 minutes, depending 
on the types of calcium phosphate powders and liquid sol-
vents used. After intraoperative setting, the material converts 
to hydroxyapatite within hours to days. Due to its limited 
shear resistance, its use is restricted to non–stress-bearing 
craniofacial regions as an onlay contouring material24 (Fig. 
8-11). Experimental animal work indicates that initial fibro-
vascular ingrowth is followed by slow material resorption 
without change in shape and by bone replacement. In humans, 
however, significant bony ingrowth and replacement has yet 
to be confirmed. Whether this biologic behavior changes with 
a longer period of implantation (e.g., 5-10 years) is unknown 
because of its short clinical history. The lack of shape changes 
postoperatively makes it ideal as an onlay reconstructive 
material.

osteoconduction) and have the potential for tissue ingrowth 
and integration into the recipient site after placement. As a 
result, they are very well tolerated, with essentially no inflam-
matory response, minimal fibrous encapsulation, and no 
negative effects on local bone mineralization. Calcium phos-
phate materials are not osteo-inductive by themselves, but 
they do provide a physical substrate onto which new bone 
from adjacent surfaces may be deposited and potentially 
guided into areas occupied by the material.

Most calcium phosphate materials are manufactured as 
hydroxyapatite, Ca10(PO4)6(OH)2, which is the principal inor-
ganic component of bone, accounting for up to 70% of the 
calcified skeleton. It can be manufactured as ceramic or non-
ceramic apatites and can be formed into a wide variety of 
physical configurations.

Ceramic hydroxyapatite is made from crystals that are 
sintered at high temperatures into a hard, non-resorbable 
solid. Appearing initially as dense granules or blocks, they 
became available in the early 1980s and were used in maxil-
lofacial reconstruction, particularly alveolar ridge augmenta-
tion. The dense form of the granules was prone to migration 
before significant fibro-osseous ingrowth, and the dense 

FIGURE 8-8  Titanium endosseous implants placed into the mastoid for retention of an ear prosthesis 
after traumatic ear loss. A, Preoperative ear loss. B, Postoperative prosthetic ear in place. 

A B

FIGURE 8-9  A  gold  weight  is  inserted  into  the  upper  eyelid  for 
treatment  of  lagophthalmos  in  a  patient  with  traumatic  facial  nerve 
palsy. 
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to penetrate this closed pore structure over time and create 
an interconnected network.

CYANOACRYLATE

The use of tissue adhesives in surgery has been studied for 
almost 3 decades for diverse applications, including tissue 
adhesion and wound closure, vascular embolization, hemo-
stasis, closure of cerebrospinal fluid leaks, and skin grafting. 
Historically, the autologous and homologous fibrin tissue 
adhesives have achieved the most use for these applications 
due to their safety and reliability. First described in 1949, 
synthetic cyanoacrylate derivatives, despite tremendous 
success for nonmedical uses, have not been as successful for 
surgical purposes because of their handling problems and 
associated cytotoxicity. Adverse tissue reactions result from 
the byproducts of cyanoacrylate polymer degradation: cya-
noacetate and formaldehyde. Degradation is affected by the 
length of the alkyl (R) group of the cyanoacrylate derivative. 

CALCIUM CARBONATE

Calcium carbonate is a cranioplasty material (bone cement). 
It is a porous and adhesive mixture that is composed of natu-
rally occurring fatty acids and calcium carbonate. (Kryp-
tonite, Danbury, CT). The synthesis of the material requires 
mixing of three components: two castor oil–derived fatty 
acids (prepolymer and polyol) and a calcium carbonate 
powder. When mixed together, two reactions occur. The 
release of calcium dioxide occurs from the interaction of the 
fatty acids, which creates the material’s porosity and expands 
the volume of the final filler. The mixing and setting-up phase 
goes through three distinct phases, from very liquid to a firm 
solid. The second liquid phase, which lasts 4 to 8 minutes after 
mixing, makes it possible for the material to be injected 
through small-bore tubes or needles. Once polymerized, this 
bone cement becomes a predominantly closed pore (cell) 
scaffold that provides bonelike rigidity and strength. Labora-
tory and animal studies have shown that osteoclasts are able 

FIGURE 8-10  A, Porous hydroxyapatite granules are used to fill in a small outer table defect in the 
frontal calvarium. Granules, 103. B, Granules are used to cover a small partial-thickness cranial defect 
that is held in place by a resorbable mesh cover to prevent migration. 

A B

FIGURE 8-11  A, Hydroxyapatite  liquid and powder composite  is used  to  reconstruct a  traumatic 
impaction of the frontal bone after surrounding bone stabilization. B, Histologic assessment demonstrates 
the nonporous nature of the set material, which is undecalcified (Goldner’s stain, original magnification 
×10). 

A B
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irrigation. In the second phase, a firmer adhesion of the bac-
teria to the surface occurs through a variety of bacterial 
surface polymeric structures, including capsules, pili, or 
slime. After it becomes strongly adherent, this biofilm results 
in colonization, protection against phagocytosis, interference 
with the cellular immune response, and reduction of antimi-
crobial agent effectiveness. It is likely that the reversible phase 
occurs intraoperatively during implantation and that the 
second phase occurs in the early postoperative period, which 
coincides with the timing of a large number of implant infec-
tions, typically appearing within weeks to months after the 
initial surgery.26 Alloplast infections that occur years after 
implantation are initiated by hematogenous spread or by 
direct violation of the surrounding capsule (e.g., needle injec-
tion, secondary surgery).

When a purulent infection occurs, antibiotics and drain-
age alone usually do not provide a permanent solution. The 
established bacterial biofilm is essentially impenetrable by 
antibiotics. At this point, drainage and removal of the mate-
rial is advised. Reimplantation should not be done for at least 
3 to 6 months to allow complete resolution of infection and 
inflammation in the adjacent tissues. Salvage of the alloplastic 
implant can be considered by its removal, extensive irrigation 
of the anatomic site, mechanical scrubbing or sterilizing the 
implant to remove the biofilm, reinsertion, and a prolonged 
postoperative antibiotic course, providing the patient under-
stands the inherent risk of recurrent infection with this 
approach.

Numerous biomaterial characteristics influence bacterial 
adhesion, including chemical composition of the material 
(e.g., Staphylococcus epidermidis often causes polymer implant 
infection; Staphylococcus aureus is usually found in metal 
implant infections), surface roughness (e.g., irregular surfaces 
typically promote bacterial adhesion), surface configuration 
(e.g., bacteria colonize porous material surfaces preferen-
tially), and surface hydrophobicity (e.g., hydrophilic materi-
als are more resistant to bacterial adhesion than hydrophobic 
materials).27 This suggests that smooth, nonporous, non-
resorbable biomaterials have lower rates of infection. However, 
alloplastic implant infections are multifactorial, and the host-
material interactions are far more complex than explained by 
these factors. It remains unclear whether any infectious risk 

Shorter chain derivatives such as methylcyanoacrylates and 
ethylcyanoacrylates degrade quickly but have more tissue 
toxicity than longer-chain derivatives such as butyl-2-cyano-
acrylate (Histoacryl, TriHawk International, Montreal, 
Canada). Histoacryl has sufficient strength and reliability for 
skin closure and is approved for use in Europe and Canada 
but not in the United States.

Another cyanoacrylate derivative, octyl-2-cyanoacrylate 
(Dermabond, Ethicon, Somerville, NJ), has been approved 
for skin closure in the United States. It has an 8-carbon alkyl 
constituent off the carboxyl group that slows degradation and 
byproduct release into the surrounding tissues. Plasticizers 
have been added that make the adhesive bond stronger (three 
times stronger than butyl-2-cyanoacrylate) and more durable 
but allow flexion with the skin. Multiple studies have demon-
strated its equivalence to 5-0 and 6-0 skin sutures in esthetic 
facial surgery and repair of traumatic facial wounds25 (Fig. 
8-12). However, dermal suture support is still needed (in 
wounds that traverse the full thickness of the dermis), and 
the superficial skin must be held together as the adhesive is 
applied to prevent deposition of the cyanoacrylate polymer 
into the wound, potentially delaying or preventing healing. 
The cost of a single ampule of the material (enough to cover 
15-20 cm of wound closure) is roughly twice that of conven-
tional nylon suture for the same-sized wound.

MANAgEMENT OF ALLOPLASTIC INFECTION

Several complications (e.g., migration, extrusion, palpability) 
can occur with any implant-related procedure,1 but one 
factor that is shared by all biomaterials is the risk of infection. 
Adhesion of bacteria to an implanted biomaterial surface is 
an essential step in the pathogenesis of infection and has been 
described as a two-phase process. There is an initial reversible 
physical phase (i.e., physicochemical interaction between 
bacteria and material surface) and an irreversible cellular 
phase (i.e., cellular interactions between bacteria and material 
surface). The initial attachment of bacteria to the material 
surface is the beginning of adhesion, and it occurs through 
the contact between the two initiated by a variety of physi-
cal forces and may be reversed by mechanical washing or 

FIGURE 8-12  Dermabond skin adhesive is used on a large facial laceration caused by glass from 
a motor vehicle accident. A, Open  laceration. B, Epidermis closed with adhesive after placement of 
dermal sutures. 

A B
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differences exist among the different alloplastic materials 
available and the various clinical problems that they are 
designed to treat.
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9
Surgical Access

C HA P T E R 

Barry L. Eppley

Along with understanding the technical details of a 
specific facial surgical procedure, proper access 
through the skin or mucosa must be obtained. Access 

provides critical exposure of the injury site. Proper exposure 
is needed to accomplish the contemporary techniques of rigid 
fixation, placement of bone grafts or biomaterials, and altera-
tion of regional bony or soft tissue anatomy. It can be argued 
that a thorough understanding of the various methods of 
contemporary surgical access has permitted many of these 
advances in facial reconstructive surgery to be realized.

In traumatic injuries, a laceration often provides the access 
to complete the necessary repair of underlying facial struc-
tures. More commonly, however, additional facial or intraoral 
incisions are needed. In secondary reconstructions, the use 
of old lacerations or new incisions is required. Either approach 
adds scar burden and potential associated morbidity, which 
in the facial area may be as potentially deforming or visually 
noticeable as the original injury. It is therefore important that 
the surgical approach and its anatomical and technical aspects 
be understood and well executed. In facial reconstruction, 
getting there often is far more difficult than executing the 
procedure once there.

Many areas of the facial skeleton can be accessed by an 
intraoral approach, and it should be the first choice. Areas not 
accessed through the mouth can usually be reached by means 
of a coronal incision that is made within the hair. Both 
approaches minimize the risk of visible scars. Isolated peri-
orbital fractures can be accessed by a transconjunctival 
approach, and virtually all common zygomatic fracture sites 
can be visualized with a lateral canthopexy.

PRINCIPLES

The face is composed of many intricate, delicate, and vital 
structures from the scalp to the neck. Rearranging and repair-
ing many of these facial components is often not difficult,  
but exposing and finding them without producing  
additional morbidity can be. Unlike most surgical disciplines 
in which a direct cut-down to the defect site is usually done, 
facial surgery often requires remote incisions with great 
emphasis on their healed esthetic result. The appearance of 
the incisional scar or revised laceration can add or detract 
from the facial result as much as the original traumatic 
problem.

Three factors distinguish facial access from that in the 
remainder of the body. First, the prominent location and 
social importance of the face mandates that incisions be 
placed in locations that are as inconspicuous as possible. 
Second, the presence of peripheral nerves makes the location 
of the incisions and the dissection around them critically 
important. Loss of sensory input and, more importantly, 
weakness or loss of facial movement can be devastating for 
many patients and difficult to correct secondarily. Third, the 
compact nature of facial structures exposes structures in the 
path of dissection to injury, especially as the incision is located 
more remotely from the defect site. Complete knowledge of 
facial muscles, nerves, tendons, bones, and dental anatomy is 
important to avoid injuries. The intraoral approach should be 
used whenever possible to avoid skin incisions.

INCISION PLACEMENT

RELAXED SKIN TENSION LINES

The concept of relaxed skin tension lines (RSTLs) is obvious 
in the older face, and these lines of minimal tension are good 
choices for incision placement because they heal with less 
chance of scar hypertrophy and may be less noticeable due to 
decreased skin shadowing. In the younger face and in most 
cases of surgical access, this concept has less utility than is 
often perceived. RSTLs are of most value in scar revision and 
reconstruction of local defects due to resection of skin cancer. 
In most cases of facial access, no surgeon would think of 
using any conspicuous skin area for incision placement. The 
first principle is to use a remote incision that lies in the 
nearest hidden skin crease. This creates a list of 14 basic facial 
incisions, including 1 coronal, 4 periorbital (upper eyelid 
crease, supraorbital, lower eyelid subciliary, lower eyelid 
transconjunctival), 5 cervicofacial (high cervical, submental, 
retromandibular, rhytidectomy, preauricular), 2 transoral 
(maxillary and mandibular vestibular), and 2 nasal (endona-
sal, external open) incisions.

SHORT VERSUS LONG INCISIONS

In theory, a shorter incision results in less scar burden. Many 
surgeons therefore limit the incisional length, often at the 
expense of adequate exposure. Because the skin can stretch 
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FIGURE 9-1  Location of a coronal incision 3 to 4 cm behind 
the frontal hairline. 

A B

and slide over the surface of deeper structures, a short inci-
sion may be capable of moving a considerable distance, per-
mitting the necessary manipulation of the underlying 
structures. In a limited number of facial procedures (e.g., 
repair of zygomatic arch fractures, endoscopic brow lift, sub-
condylar mandibular fracture repair), the short incision can 
serve as a remote portal for insertion of an endoscope or 
other instrument.

On a practical basis, the use of remote skin creases permits 
their full length to be used without excessive scar formation 
because the crease is already hidden. A longer incision is 
permitted because there is no disadvantage to using the full 
crease as long as the surgeon does not extend the incision 
beyond the anatomical boundary of the skin crease. For 
example, the full length of the preauricular incision can be 
used from the temporal hairline to the bottom of the earlobe, 
or a subciliary incision can be used from the medial punctum 
to the lateral canthal crease, as long as it does not extend 
beyond the lateral orbital rim.

COLD VERSUS HOT CUTTING

The use of “cold steel” (scalpel) causes the least skin injury, 
with only sharp cutting of the epidermal and dermal surfaces. 
Bleeding of the dermal edges may prompt cauterization of 
some of the edges, increasing the potential for scar formation. 
This temptation can be avoided by the use of preincisional 
infiltration with a local anesthetic containing epinephrine. 
High concentrations work best, and 1 : 100,000 epinephrine 
solutions work very well, provided that the surgeon waits the 
obligatory 7 to 10 minutes for maximal vasoconstrictive 
effect. Not all skin edges need to be immediately cauterized, 
because most bleeding stops with some pressure and time.

Despite these basic steps, it remains appealing to use a 
thermal instrument to cut the skin and for subcutaneous 
cutting because of the immediate hemostatic effect. Tradi-
tionally, the use of cautery was associated with significant 
burning of skin edges because of the width of the blade and 
the energies used. Contemporary fine-tip needle cautery (e.g., 
Colorado needle, Colorado Biomedical, Evergreen, CO) uses 
better metals and low energies and makes it possible to sig-
nificantly reduce the zone of the thermal injury on the skin 
edges. It is particularly useful for periorbital and preauricular 
incisions without any increase in adverse scarring. It should 
not be used in hair-bearing areas due to follicular injury and 

hair loss immediately adjacent to the incision. Hot cutting 
should never be used in the scalp, because it inevitably results 
in a wider, more noticeable scar due to traumatic alopecia 
along the incision line.

CORONAL ACCESS

An incision in the hairline between the temporal regions 
provides unparalleled exposure of the upper craniofacial skel-
eton and much of the orbitozygomatic region. In trauma 
cases, it is mainly used for fractures of the frontal bone and 
sinus or the naso-orbital ethmoid region and for Le Fort II 
and III patterns. In exceptional cases, complex fractures of 
the zygomatic arch may justify the use of coronal access. Its 
major advantages include the relative simplicity of execution, 
the negligible rate of complications, and the hidden location 
of the scar within the hairline.

TECHNICAL POINTS

• The location of the incision in female and non-alopecic 
male patients is 3 to 4 cm behind the frontal and temporal 
hairline. In balding men, more of a W-shaped pattern 
is chosen across the frontal component in anticipation  
of further recession. In the completely bald patient,  
the incision is made as if there were hair. It is remarkable 
how well bald scalp skin heals with minimal scarring  
(Fig. 9-1).

• The ability to turn the scalp flap and attain the desired 
skeletal exposure depends on the inferior extent of the 
incisions in the temporal and auricular areas. The inferior 
extent of the incision can run in the preauricular or post-
auricular areas without compromising anterior exposure. 
When placing the incision in the preauricular area,  
retrotragal positioning is used to further hide the scar (see 
Fig. 9-1).

• Shaving of the incision site is optional. Shaving the hair 
offers no significant improvement on postoperative wound 
infections. It does help speed closure and is more comfort-
able for the patient during suture removal; ideally, it should 
be a narrow-strip shave.

• A large, running W-plasty or zigzag pattern hides the scar 
better by intermingling the hair pattern around the scar 
(Figs. 9-2 and 9-3).



149CORONAL ACCESS

• The incision is cut with a scalpel down to the galea below 
the hair follicles. A thermal cautery may be used thereafter 
without increasing postoperative alopecia around the scar. 
Injectable vasoconstriction, clamps, or running sutures are 
hemostatic measures that are preferable to electrocautery 
for the skin edges.

• The scalp flap is raised forward in the subgaleal level. The 
periosteum is incised only directly above the bone area to 
be treated. This limits the amount of bleeding bone surface 
(Fig. 9-4).

• To avoid injury to the frontal branch of the facial nerve, 
the surgeon stays at the deep temporal fascial level. The 
nerve lies lateral to the superficial layer of the temporalis 
fascia (Fig. 9-5). The periosteum is incised on the superior 
surface of the zygoma and zygomatic arch, which then 
reflects the superficial fascia outward, protecting the nerve 
(Fig. 9-6; see Fig. 9-5).

• Across the supraorbital rim, the neurovascular bundle  
is dissected from the notch. When it is a foramen, an 

FIGURE 9-2  Wavy coronal incision used in pediatric cranial vault surgery. A, Preoperative view of 
secondary  surgery  shows  intermingling  of  the  hair  and  hiding  of  the  scar.  B,  The  scalp  is  shaved, 
showing the width and pattern of the scar that is fairly well hidden despite being wider than desired. 

A B

FIGURE 9-3  A broken-line, irregular coronal incision makes the hair intermingle, producing improved 
camouflage of the scar. A, Preoperative incision marking for frontal access. B, Six-month postoperative 
view through short hair. 

A B

FIGURE 9-4  Frontal sinus fracture repair. The periosteum is incised 
and  raised  only  directly  above  the  operative  site;  this  limits  bone 
bleeding in the repair site. 
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ostectomy is done to release the bundle. Dissection can be 
carried onto the nasal bones and medial orbits easily. The 
lacrimal sac and medial canthal tendons provide land-
marks (Fig. 9-7).

• Before closure, all soft tissues are resuspended if necessary, 
including the lateral canthal tendon and the temporalis 
muscle.

• The scalp skin closure should be done in two layers with 
nonstrangulating (noninterlocking) sutures or staples.

Endoscopic scalp access is of limited value in facial trauma 
and is used almost exclusively in endoscopic brow lifting, but 
this approach may achieve wider application in the future as 
endoscopic techniques and instrumentation improve. At least 
two incisions are required; the endoscope (nondominant 
hand) is placed through one and instruments (dominant 
hand) through the second incision. These incisions are small 
(1-2 cm long) and are placed immediately behind and per-
pendicular to the frontal or temporal hairline (Fig. 9-8). Two 
or four incisions may be used, depending on the extent of 
dissection needed across the supraorbital and frontal areas.

TEMPORAL ACCESS

The smallest incision used for facial fracture repair is the 
transtemporal or classic Gilles approach. Its use is limited 
strictly to repair of zygomatic fractures, most commonly the 
zygomatic arch. Traditionally, its very small size was used for 
blind manual instrumentation of the arch or zygomatic body. 

FIGURE 9-5  Location of  the  frontal branch of  the  facial nerve  in 
the  temporal  area.  Incision  of  the  deep  temporal  fascia  1  to  2 cm 
above  the zygomatic arch with dissection directly onto  the arch pro-
tects the nerve branch superiorly. 

Superficial 
temporal
fascia

Zygomatic arch

Frontal branch 
of facial nerve

FIGURE 9-6  The  scalp  flap  is  raised  down  to  the  zygomatic 
arch.  The  frontal  branch of  the  facial  nerve  is  protected by  incising  
the deep temporal fascia above the arch and then continuing toward 
the bone. 

FIGURE 9-7  The scalp flap can be elevated easily and safely over 
the bony nose and medial orbits for access, as in this Le Fort III fracture 
repair. 
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of the thin and delicate structures of the eye and its relative 
intolerance to poor surgical technique, these incisions must 
be well placed, and superb attention to small detail is neces-
sary to avoid postoperative scar problems. Intraoperative 
globe protection is important, and corneal protectors and an 
ophthalmic lubricating ointment should always be used.

UPPER EYELID

The upper eyelid usually offers a well-defined supratarsal 
crease that permits access to the superolateral orbital bone, 
lacrimal gland, and lateral canthal tendon. This is a natural 
location for an incision, and it heals inconspicuously, as is 
demonstrated in the commonly performed blepharoplasty 
procedure. In addition to skin and the orbicularis muscle that 
overlies the tarsus and conjunctiva, the upper eyelid contains 
the levator superioris aponeurosis, which must not be cut or 
postoperative ptosis will develop.

Technical Points
• The incision should be made either in the well-defined 

supratarsal crease or at least 10 mm above the upper lid 
margin. An extension can be carried out laterally in a  
skin crease, but it should not extend beyond the lateral 
orbital rim.

• A skin-muscle (orbicularis) flap is raised superiorly and 
laterally without violation of the underlying levator apo-
neurosis or orbital septum (Fig. 9-10).

• Use of the full length of the supratarsal crease incision 
extends exposure from the medial supraorbital rim to the 
lateral canthus (Fig. 9-11).

SUPRAORBITAL EYEBROW

The very limited supraorbital eyebrow incision offers simplic-
ity by direct access to the supraorbital rim, portions of the 
frontal sinus, and the frontozygomatic region. When it is 
made laterally, there is no potential involvement of branches 
of the supraorbital nerve. When it is made more centrally, the 
branches of the supraorbital nerve are often in the way, limit-
ing access. Care should be taken to dissect and preserve these 
nerves whenever possible.

FIGURE 9-8  Frontal and temporal incisions for endoscopic brow lifting. A, Parasagittal frontal inci-
sions. B, Temporal incision for lateral brow access. 

A B

FIGURE 9-9  Small temporal incision for instrument manipulation of 
the zygomatic arch. 

With the advent of endoscopic techniques, it can also serve 
as a portal for instrument or endoscope insertion.

TECHNICAL POINTS

• The incision is placed several centimeters behind the fron-
totemporal hairline.

• Dissection proceeds directly down to and through the 
deep temporal fascia. This permits instruments to be 
directed along the temporal bone inferiorly (Fig. 9-9). The 
superior branches of the facial nerve are vulnerable in this 
approach. The incision should be high and posterior to 
allow the nerves to be lifted out of the surgical field by 
remaining deep to the deep temporal fascia.

PERIORBITAL ACCESS

Surgical access to the entire orbit is not possible through any 
single incision. A series of standard incisions (two upper and 
two lower) must be used, and even these do not always 
provide complete access to medial orbital structures. Because 
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EXTERNAL LOWER EYELID

The lower eyelid offers numerous incisional opportunities for 
exposure to the lower orbit extending from the medial orbital 
rim and wall, orbital floor, and lateral orbit. All of these inci-
sions are based on skin creases in the lower eyelid, some of 
which are most obvious in older patients. From superior to 

Technical Points
• The incision can be made at the junction of the eyebrow 

and skin or within the eyebrow itself. When it is made in 
the brow itself, hair loss is common. An incision in this 
area should not extend beyond the medial or lateral tail of 
the brow unless the patient is made aware that a postop-
erative scar is likely (Fig. 9-12).

• When undermined above or below the periosteum, the 
skin can slide along the brow, improving the amount of 
access.

FIGURE 9-10  Sagittal section  through the orbit with  the plane of 
dissection between the orbicularis muscle and the levator in the upper 
eyelid incision. 

FIGURE 9-11  Lateral portion of  the upper eyelid  crease  incision 
used for access to frontozygomatic fixation.  FIGURE 9-12  Supraorbital rim incisions produce more noticeable 

scars but provide direct access to the supraorbital portions of the lateral 
orbital rim. A, Medial supraorbital rim incision for frontal sinus fracture 
repair.  B,  Lateral  supraorbital  rim  incision  for  frontozygomatic 
fixation. 

A

B
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inferior, they include the subciliary, lower lid or subtarsal, and 
infraorbital incisions. Except for the infraorbital incision, 
which lies at the orbital-cheek groove and always leaves a 
conspicuous scar, advocates exist for the remaining two. 
Because of the very thin skin of the eyelids and the usual 
presence of some skin laxity, healing is superb, with almost 
no chance of hypertrophic scar formation with any of these 
choices. Because the lower eyelid is essentially a static struc-
ture and is suspended by the medial and lateral canthal 
tendons, a preoperative appreciation of lower lid laxity is 
essential. Understanding of lid tightening and canthal manip-
ulation procedures is necessary to postoperatively treat or, 
more importantly, to intraoperatively prevent ectropion.

Technical Points
• The external skin incision may be placed at two levels: 

subciliary or lower blepharoplasty (subtarsal) (Fig. 9-13). 
For incision selection, the surgeon considers the presence 
of a prominent skin crease to guide incision placement, 
the risk of postoperative ectropion (with increased risk 
factors, the incision should be placed farther from the 
lashline), and the age of the patient. Extended access can 
be gained by lengthening the incision beyond the lid 
margin in a skin crease, which is almost always done.

• Regardless of the incision used, a skin-muscle flap should 
be raised. This is technically easier to perform and main-
tains good blood supply to the skin. Some limited subcu-
taneous dissection can be done inferiorly (3-5 mm), and 
the muscle can then be transected if desired (i.e., stepped 
incision). Whether this lessens the risk of ectropion is 
controversial.

• If possible, the surgeon should stay in the preseptal plane 
down to the rim, which avoids the nuisance of orbital fat 
herniation into the wound (Fig. 9-14A).

• At the infraorbital rim level, the surgeon makes the peri-
osteal incision on its anterior surface. This allows the peri-
osteum to be raised without directly cutting through the 
orbital septum.

• Wide subperiosteal undermining throughout the orbit can 
then be done. In this process, the inferior oblique muscle, 
which is the only orbital muscle that does not originate 
from the apex, is stripped from its anterior attachment. If 
this muscle is not seen, it means that the periosteal inci-
sion was adequately anteriorly placed (see Fig. 9-14B).

FIGURE 9-13  Location of lower eyelid skin incisional approaches. 

Transconjunctival
(inner eyelid)

Subciliary

Subtarsal

FIGURE 9-14  Subciliary  and  subtarsal  incisional  approaches. 
A, Sagittal plane through orbit demonstrates a lower eyelid skin-muscle 
flap raised anterior to the orbital septum. B, A subciliary incision with 
lateral canthal extension is used for  infraorbital rim and floor access 
in zygomatic-orbital fracture repair. 

A

B

• With extended periosteal elevation on the lateral orbital 
wall, the lateral canthus may be inadvertently or intention-
ally stripped for exposure. It must be reattached before 
closure.

• Closure consists of closing the dermis and skin. Suturing 
of the periosteum, muscle, or septum is likely to encourage 
ectropion. Suture suspension to the forehead is helpful for 
several days after surgery to prevent vertical lid shorten-
ing. A suture is placed below the lower eyelashes and taped 
to the forehead.

TRANSCONJUNCTIVAL APPROACH

The transconjunctival approach to the inferior orbit is per-
formed through the inner lower eyelid at the inferior fornix 
level. It has become popular because of the lack of any exter-
nal skin scar and the belief that ectropion risk is significantly 
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reduced with its use. The technique is fairly rapid to perform 
and does not involve any skin or muscle dissection. Its main 
disadvantage is that exposure to the medial orbit is limited 
due to the presence of the lacrimal drainage system. If 
extended by a lateral canthotomy, it provides access to all the 
fracture sites in zygomatic complex injuries.

Technical Points
• The incision is made midway between the lower margin 

of the tarsal plate and the inferior conjunctival fornix.
• Two paths of dissection down to the orbit exist: the pre-

septal and the retroseptal. The retroseptal approach is 
more direct and easier to perform, but orbital fat will be 
encountered (Fig. 9-15A).

• A lateral canthotomy is frequently needed with a lateral 
canthal skin incision for maximal exposure (see Fig. 9-15B 
and C).

• Periosteal incision and elevation is done and is aided by a 
traction suture through the cut end of the conjunctiva.

• Closure consists of a lateral canthopexy suture and dermal 
and skin closure of the lateral canthal skin incision. Reat-
tachment of the lateral portion of the tarsal plate to the 
superior portion of the lateral canthal tendon is a critical 
element in the closure of this approach. It is not necessary 
to close the conjunctiva, and the cornea may be abraded 
if any sutures are placed.

TRANSORAL APPROACHES

Intraoral incisions through the mucosa provide excellent 
exposure to the midface and mandibular structures. These 
approaches are easy to perform and have minimal morbidity, 
other than some risk of trigeminal nerve damage and post-
operative loss of sensation of facial skin, mucosa, and the 
anterior dentition. These are essentially scarless approaches 
for wide degloving of the lower two thirds of the facial 
skeleton.

MAXILLARY VESTIBULAR APPROACH

The maxillary vestibular approach is probably the simplest of 
all facial approaches to perform and has the least morbidity. 
This intraoral approach allows complete exposure from the 
anterior zygomatic arches, infraorbital rim, and piriform 
aperture down to the alveolus. The only nerve structure 
exposed is the infraorbital nerve, which is easy to find, is 
always in the same location below the infraorbital rim, and 
has quick sensory recovery. As long as dissection is in the 
subperiosteal plane, it can proceed safely and rapidly.

The other potential problem with midfacial degloving is 
the detachment and superolateral retraction of the nasolabial 
musculature. Some patients have adverse facial effects, includ-
ing widening of the alar bases, rolling inward of the upper lip, 
and slight loss of tip projection. Proper closure technique can 
avoid these problems in patients at risk.

Technical Points
• The incision is made at least 5 to 6 mm above the muco-

gingival junction. It is important to leave an inferior cuff 
of mucosa and muscle to facilitate closure. The incision 
does not need to extend posterior to the maxillary first 

FIGURE 9-15  Transconjunctival  incisional  approach.  A,  Sagittal 
plane  through  orbit  demonstrates  the  transconjunctival  approach.  
B,  The  transconjunctival  approach  is  used  for  orbital  floor  repair. 
C,  The  transconjunctival  approach  with  lateral  canthal  extension  is 
used for wider access to the orbital floor. 

A

B

C



155TRANSfACIAL APPROACHES

closure. In some patients (with normal to wide preopera-
tive alar base width), an alar cinch suture technique can 
be used.

MANDIBULAR VESTIBULAR APPROACH

The mandibular vestibular approach, like the maxillary ves-
tibular approach, is relatively easy to perform and produces 
little morbidity. It differs in the amount of exposure of the 
anterior surfaces of the bone. Because of the mental nerve 
and the curvilinear structure of the mandible, access is more 
limited to the anterior body and the lower border of the 
ramus of the mandible. The issue of muscle detachment and 
retraction also influences this approach at the anterior man-
dible, where detachment of the mentalis, without proper reat-
tachment, may result in postoperative ptosis of the chin 
tissues.

Technical Points
• The incision anteriorly runs between the canines and is 

placed slightly up on the lip side of the vestibule to leave 
an ample cuff of mucosa and muscle for closure.

• Wide subperiosteal dissection is done with attention to the 
exit of the mental nerve from its foramen, which is situated 
between the first and second premolars. The mental nerve 
and its branches can be dissected for greater exposure 
without significantly increasing the risk of permanent 
nerve injury (Fig. 9-17).

• The incision can be extended posteriorly, or a separate 
incision can be made along the ascending ramus of the 
mandible, where the entire lateral body and ramus can be 
widely dissected in the subperiosteal plane (Fig. 9-18).

• Anterior closure requires good mentalis muscle reapproxi-
mation to prevent postoperative chin ptosis. Posteriorly, a 
single-layer closure over the body and ramus is adequate.

TRANSfACIAL APPROACHES

Seven basic transfacial incisions can be used: Five access the 
mandible, and two access the nose. Incisional access to the 
mandible and soft tissues of the lateral face and upper neck 
is complicated primarily by the presence of branches of the 
facial nerve. Aside from the importance of the esthetics of the 
visible scar, access and closure would be almost as easy as in 
the intraoral vestibular approaches if it were not for these 
structures. Because of cross-innervation of the buccal 
branches of the facial nerve and their increased size, the real 
risks are to the marginal mandibular and frontal branches, 
which are small and have little chance of recovery if signifi-
cantly stretched or cut.

PREAURICULAR APPROACH

The preauricular incision is primarily used for access to the 
temporomandibular joint (TMJ). Its limited length and expo-
sure mean that it is less useful for the more anterior struc-
tures. In the pathway to the joint are the parotid gland, 
superficial temporal vessels, the auriculotemporal nerve, and 
branches of the facial nerve. Although it would be ideal to 
save all of these structures during the dissection, it is most 
important to preserve the frontal or temporal branch of the 

molar. The stretch of the mucosa allows adequate exposure 
without risk of injury to the parotid duct from long, pos-
terior incisional extensions.

• Wide subperiosteal dissection can be done to provide 
extensive midfacial exposure (Fig. 9-16).

• Closure should incorporate a muscle layer with medial 
advancement of the superior tissues and a V-Y mucosal 

FIGURE 9-16  Maxillary vestibular incision and wide degloving of 
the midface. A, Unilateral maxillary vestibular incision provides access 
for zygomatic fracture repair. B, Complete maxillary vestibular incision 
is used for extensive intraoral exposure in a Le Fort I fracture repair. 

A

B
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Technical Points
• The incision follows the junction of the skin and ear  

from the temporal area down to the earlobe, with the 
exception of the tragus. Extending the incision retrotra-
gally hides the scar better and carries no risk of tragal 
deformity because this is not a skin excisional procedure 
(Fig. 9-19).

• Dissection above the zygomatic arch continues down to 
the superficial temporal fascia. Below the arch, the dissec-
tion proceeds along the external auditory canal.

• The joint is entered by incising the temporal fascia and 
developing a subperiosteal plane down into the superior 
joint space with retraction of the tissues in front of the 
canal (Fig. 9-20).

• Closure of the joint capsule is controversial because it may 
contribute to postoperative formation of adhesions. 
Closure of the temporal fascia should be done before skin 
closure.

RHYTIDECTOMY

The facelift approach is an extension of the preauricular 
approach and inferiorly incorporates the retromandibular 
approach. Calling it a facelift denotes only the location of the 
skin incision and has nothing to do with dissection or manip-
ulation of the superficial facial fascial planes. It primarily 
places the great auricular nerve, which is the most commonly 
injured structure in a facelift, and the marginal mandibular 
branch of the facial nerve at risk. Elevation of the skin flap 
may injure the greater auricular nerve inferiorly as it emerges 
from the deep fascia at the middle of the posterior border of 
the neck to cross over the sternocleidomastoid muscle at a 
45-degree angle toward the posterior border of the mandible. 
The deeper dissection to approach the mandible places the 
facial nerve branch at risk.

Technical Points
• The incision is identical to the preauricular incision with 

a retrotragal extension until it reaches the earlobe. At that 
point, the posterior extension can take one of two routes. 
A traditional rhytidectomy incision is carried onto the 

facial nerve. One or two temporal branches cross the lateral 
surface of the zygomatic arch at the level of the superficial 
temporal fascia. The crossing point is highly variable and can 
be anywhere from 10 to 30 mm in front of the external audi-
tory canal. A safe plane of dissection to the TMJ is to stay on 
the cartilaginous anterior surface of the canal and retract all 
soft tissue forward; this also protects the temporal vessels and 
the auriculotemporal nerve.

FIGURE 9-17  Mandibular vestibular  incision  for exposure of  the mandible. A, Anterior vestibular 
incision between  the mental nerves  is used  for symphyseal  fracture  repair. B, Anterolateral vestibular 
incision with the mental nerve dissected out is used in a parasymphyseal fracture repair. 

A B

FIGURE 9-18  Posterior  mucosal  incision  along  the  ascending 
ramus for access to superior border plate fixation. 
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RETROMANDIBULAR APPROACH

The retromandibular approach is commonly used for expo-
sure of the posterior ramus of the mandible and for low 
subcondylar and condylar neck fractures. It is the shortest 
distance from the skin to that area but requires identification 
of the marginal mandibular branch of the facial nerve. The 
path of dissection to the posterior mandible lies between the 
superior and inferior divisions of the facial nerve. Short of 
the angular region, access to the superior and anterior ramus 
is somewhat limited by the mass of the overlying parotid 
gland and soft tissue. Blunt dissection is recommended after 
the skin incision has been made.

Technical Points
• The incision is placed in a vertical orientation directly 

beneath the earlobe, paralleling the posterior border of the 
ramus. The incision may be placed more posteriorly in a 
skin crease, but access then becomes farther away.

• Dissection cuts through the parotid gland with exposure 
of the facial nerve. A more posterior incision avoids the 
inferior branch of the facial nerve and the parotid gland, 
but exposure is more limited.

• Division of the pterygomasseteric sling is necessary to 
approach the bone.

• Once the subperiosteal plane of the mandible is reached, 
retractors placed in the sigmoid notch or the anterior 
ramus, or both, aid greatly in exposure.

• Closure of the pterygomasseteric sling, parotid capsule, 
and platysma layer should be done before skin closure.

SUBMANDIBULAR APPROACH

Approach from a high cervical incision, historically referred 
to as a Risdon incision, is a standard method for procedures 

back of the ear and cut into the hairline at the level of the 
tragus (Fig. 9-21A). An alternative and preferable approach 
is to curve the incision back and downward from the 
earlobe into a high cervical crease (see Fig. 9-21B). 
Although this makes a slightly more visible scar, the ante-
rior exposure obtained by the neck extension is greatly 
improved.

• The skin flap is quickly raised and is best done with blunt 
scissors pointed upward with a spreading and pushing 
maneuver.

• Access to the mandible is done as for the retromandibular 
approach.

• Skin closure should be performed over a drain that exits 
posteriorly.

FIGURE 9-19  Preauricular  incisional approach. A, The preauricular  incision should go retrotragal 
and not pretragal, as in this patient. B, The retrotragal preauricular incision hides the scar better, with 
no increased morbidity. 

A B

FIGURE 9-20  Preauricular approach with exposure into the supe-
rior joint space of the temporomandibular joint. 
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stimulated to confirm its location, and it should lie 
superiorly.

• Division of the pterygomasseteric sling, subperiosteal dis-
section, and exposure of the mandible are then performed 
(Fig. 9-23). Closure proceeds as in the retromandibular 
approach.

SUBMENTAL APPROACH

The most anterior-inferior border approach to the mandible 
and midline neck structures is an extension of the subman-
dibular approach. It is used for access to the anterior man-
dible for symphyseal manipulation. It differs from all other 
cervicofacial approaches by having no significant anatomic 
structures between the skin and the bone. Sharp dissection 
may be performed with impunity.

Technical Points
• The submental skin crease is chosen for the incision. In 

young patients, a skin crease may not be present, and the 
incision should be placed behind the inferior border, 
because the neck will be at some degree of extension.

involving the posterior body and ramus of the mandible. The 
exact location of the incision varies, but all descriptions place 
it below the inferior border of the mandible. The single great-
est obstacle in the dissection is the marginal mandibular 
branch of the facial nerve. Although its course varies some-
what, this branch is below the inferior border of the mandible 
in many cases when it is posterior to the crossing of the facial 
artery. Anterior to the facial artery, it is almost always above 
the inferior border. It is rarely lower than 1 to 1.5 cm below 
the inferior border, and for this reason, the incision is often 
placed two fingerbreadths or 2 cm below the inferior border.

Technical Points
• A skin crease that is 1.5 to 2.0 cm below the inferior border 

is chosen for the incision. It may be horizontally more 
posterior or anterior, depending on what part of the man-
dible is to be treated. Turning the head away from the side 
to be treated helps move the nerve more superiorly.

• Below the platysma, the underlying cervical fascia, the 
facial artery and vein, and the marginal mandibular nerve 
are found. The facial vessels often need to be ligated in 
more anterior approaches (Fig. 9-22). The nerve should be 

FIGURE 9-21  Facelift-type approaches. A,  Traditional  full  facelift with  the  temporal  fascial  plane 
(forceps) separated from the submusculoaponeurotic plane inferiorly. B and C, The traditional superior 
facelift approach combined with an anterior neck incision for improved access to facial vessels is neces-
sary in this free gracilis facial reanimation procedure. 

A

B

C



159NASAL APPROACHES

• Direct access is provided to the bone, where good expo-
sure can be achieved for fracture repair or implant place-
ment (Fig. 9-24).

NASAL APPROACHES

The nasal bones and cartilages are addressed through two 
basic approaches: an endonasal approach, in which all the 
incisions are within the nasal cavity, and an external open 
method, which incorporates a columellar skin incision. Either 
approach can be effective in experienced hands. They differ 
primarily by the amount of exposure and visualization of the 
nasal structures. These unique facial incisions provide access 
to a structure composed of bone and cartilage.

ENDONASAL APPROACH

A variety of mucosal incisions exist for intranasal access for 
treatment of dorsal, tip, and septal deformities. They include 
the marginal, intercartilaginous, and transfixion incisions 
(Fig. 9-25), which represent standard closed approaches to 
nasal surgery. An intercartilaginous incision permits approach 
to the nasal dorsum. A unilateral transfixion incision alone 
(i.e., hemitransfixion) allows access to the septum. The com-
bination of the marginal, intercartilaginous, and transfixion 
incisions allows complete delivery of the lower lateral carti-
lages. There is little use for the isolated marginal incision, 
except in secondary cases for graft placement for the treat-
ment of alar retraction.

Technical Points
• A marginal incision follows the caudal margin of the lower 

lateral cartilage rather than the margin of the nostril. It is 
important to appreciate the relationship of these two 
structures; the caudal cartilaginous margin and the rim are 
closer together medially than laterally (see Fig. 9-25). The 
incision diverges from the rim as it goes laterally. It is 
important to avoid traversing the soft triangle, a medial 
alar rim zone formed by two juxtaposed layers of skin 
unsupported by cartilage, to avoid postoperative alar rim 
notching.

FIGURE 9-22  Coronal  illustration of  the path of dissection  in  the 
submandibular approach. The initial dissection goes through the pla-
tysma muscle to the superficial layer of the deep cervical fascia. It then 
moves  above  the  submandibular  gland  to  the  periosteum  of  the 
mandible. 

Zygomatic arch

Mandible

Marginal mandibular 
branch of the facial 
nerve

Platysma
Facial artery

Superficial layer of
deep cervical fascia

Periosteum

Submandibular
gland

FIGURE 9-23  Surgical procedures with a submandibular approach. 
A, More posterior approach for access to an angle fracture. B, More 
anterior approach for access to a body fracture. 

A

B

FIGURE 9-24  Submental  approach  for  a  symphyseal  fracture 
repair. 
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with vestibular skin based medially and laterally for its 
vascularity.

• Isolated septal exposure is done through a transfixion inci-
sion. For septal manipulation, the incision is placed at  
the caudal end of the septum. For cartilage graft harvest, 
the incision may be placed more posteriorly, directly  
over the septum. In either case, wide subperichondrial 
dissection is done.

• Closure of the septum and intranasal incisions is done 
with small resorbable sutures and with external taping or 
splints, or both. Quilting resorbable sutures are used 
through the septum to close dead space. No intranasal 
packing is used.

EXTERNAL (OPEN) APPROACHES

The popularity of the external rhinoplasty approach has 
resulted primarily from the amount of exposure obtained and 
the resultant increased ease and reliability of nasal tip and 
dorsal manipulation. It caused considerable debate during its 
early introduction and quickly became the most controversial 
6 mm of skin incision in the entire face. However, its ability 
to guide surgeons in rhinoplasty and to improve the postop-
erative results, particularly in the tip and dome area, have 
rightly confirmed its place as a recognized method of nasal 
access. With some experience and careful dissection tech-
nique, the resultant columellar scar is of little consequence.

Technical Points
• The external approach consists of bilateral marginal inci-

sions connected by a midcolumellar incision. The mar-
ginal incision follows the caudal margin of the lower 
lateral cartilage rather than the margin of the nostril. The 
columellar incision is made at the narrowest portion of  
the columella between the columella-lobule junction and 
the flare of the feet of the medial crura. Many types of skin 
incisions are used, most commonly an inverted V and 
stairstep pattern (Fig. 9-27).

• The two incisions are connected, with care taken not to 
transect the medial crura, which are quite superficial, par-
ticularly in the transition from the columella to the dome.

• The skin is dissected off the dome and lower lateral carti-
lages and up onto the upper lateral cartilages to the 
dorsum, providing wide exposure of the lower two thirds 
of the nasal framework (Fig. 9-28).

• Closure is done with small permanent sutures on the colu-
mellar skin (no dermal suturing) and small resorbable 
sutures for the nasal mucosa. External taping or splinting 
is done to adapt the skin to the underlying skeleton.

• The intercartilaginous incision is placed at the junction of 
the upper and lower lateral cartilages. With the lower 
lateral cartilage everted, the inferior edge of the upper 
lateral cartilage can be seen protruding into the vestibule. 
The incision is made parallel to the cephalic margin of the 
lower lateral cartilage, avoiding the nasal valve area (see 
Fig. 9-25).

• A transfixion incision is made at the caudal end of the 
septum. A hemitransfixion incision is made only through 
one nostril, leaving the membranous septum intact on the 
opposite side. A full transfixion incision traverses both 
sides, extends inferiorly to sever the columella and lip 
from the septal cartilage and anterior nasal spine, and 
connects superiorly to the intercartilaginous incision for 
complete separation of the soft tissues overlying the 
dorsum and columella from the septum. This allows com-
plete exposure of the septum and delivery of the lower 
lateral cartilages (Fig. 9-26). These incisions and dissection 
create a bipedicled flap of lower lateral cartilages lined 

FIGURE 9-25  Sagittal  view of  intranasal  incisions.  IC,  intercarti-
laginous  incision;  M,  marginal  incision;  TF,  transfixion  incision  that 
follows the caudal border of the septum (inset). 

IC

TF

IC

M

FIGURE 9-26  Technique of lower lateral cartilage delivery through 
intranasal incisions. 

FIGURE 9-27  Transcolumellar incisional designs. 
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steep learning curve, the loss of tactile perception, and the 
need for expensive special surgical instruments and devices.

The main approach used in the various endoscopic tech-
niques for treatment of orbital trauma is a Caldwell-Luc 
approach to the anterior maxillary sinus. The maxillary sinus 
represents a real cavity that can be used to enhance visualiza-
tion of the fracture defect. This approach can facilitate the 
repair of certain orbital floor fractures with release of perior-
bital tissue trapped in a hinged or small blowout defect. It can 
also determine the need to repair the floor after reduction of 
displaced orbitozygomatic fractures. Placement of an orbital 
floor implant with this approach has been described. It can 
be pushed into the orbit to span the orbital defect or anchored 
within the maxillary sinus and secured in place with screws.

Endoscopic techniques have been used in the manage-
ment of selected frontal sinus fractures (e.g., anterior wall 
frontal sinus fractures) that involve several large segments 
without extensive comminution. Reduction of these fractures 
can be facilitated with the use of an endoscope, similar to an 
endoscopic forehead lifting technique. Forehead soft tissues 
are elevated subperiosteally, and the fractures are visualized 
by means of a 30-degree endoscope with an external sheath 
for soft tissue retraction. After the fracture site is visualized, 
small external incisions are made directly over the fractures 
to allow the surgeon to apply anterior force for anatomical 
reduction of the fracture segments. The fractures are elevated 
with the use of percutaneous nerve hooks or by drilling into 
the fragments and grabbing them with threaded Steinmann 
pins. With gentle retraction, the fragments often elevate into 
a reduced position and are frequently stable without the need 
for rigid fixation. It is common to have residual surface irreg-
ularities, which can be camouflaged with patches of overlying 
synthetic materials.

One of the most controversial applications of endoscopic 
techniques in the management of facial fractures is the use of 
the endoscope in the management of subcondylar fractures. 
This technique uses an intraoral approach to create a wide 
exposure of the posterior portion of the subcondylar region 
and ramus. A 30-degree endoscope and a 4-mm endoscopic 
brow lift sheath that maintains the optical cavity are inserted 
through the incision. After fracture reduction, fixation is 
accomplished with the use of transcutaneous trocars for drill-
ing the holes and placing the screws, or right-angled drills 
and screwdrivers that can be inserted through the intraoral 
incision are used. This is a technically difficult procedure, and 
there is a risk of injury to the vein or the facial nerve branch 
that runs immediately behind the condyle.

ENDOSCOPIC ACCESS

A new and alternative approach for the treatment of maxil-
lofacial trauma can be offered by endoscopic techniques. 
Potentially, this approach can minimize the incisions and 
scars, decrease the risk of a sensory or motor nerve injury, 
and help the surgeon to better visualize the reduction of the 
fractures. There is still no general agreement among surgeons 
regarding the practicality of these procedures. The results and 
the efficiency of these techniques depend on the experience 
and training of the surgeon, the nature of the procedure, and 
the instrumentation that is used. The literature contains 
descriptions of endoscopic or minimally invasive techniques 
that can assist in the exposure of fractures of the zygomatic 
arch, the orbital floor, or the frontal sinus and the subcondy-
lar fracture of the mandible.

Endoscope-assisted zygomatic arch repair represents an 
advance in midfacial trauma management and has the poten-
tial to avoid the use of coronal incision. It has been proposed 
for the repair of Le Fort III, complex zygoma, and isolated 
arch fractures. Early use of preauricular incisions for place-
ment of the endoscope to follow the arch has been associated 
with possible damage to the frontal branch of the facial nerve. 
Most accepted techniques combine the Keen or Gilles 
approach with intraoperative radiographic techniques (i.e., 
mini-C arm, special three-dimensional C-arm, or intraopera-
tive computed tomographic imaging). Disadvantages are the 

FIGURE 9-28  Complete  exposure  of  the  lower  two  thirds  of  the 
nose through the open approach. 
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The management of orbital injuries is one of the most 
interesting and difficult areas in facial trauma. The 
consequences of an orbital injury are dramatic. They 

vary from a loss of vision to diplopia, loss of an eye, epiphora, 
a disturbing loss of facial sensation, and an unsightly and 
unacceptable appearance of the eye and the hard and soft 
tissues around it (Fig. 10-1). These injuries demand a careful 
attention to detail, but the difficulties are often underesti-
mated and therefore undertreated.

When we look at each other, all areas of the face are impor-
tant, but there is no doubt that the eyes and how they appear 
play a very important part in how we initially perceive each 
other. The eyes are the outward expression of our minds  
(Fig. 10-2).

Persistent enophthalmos (sunken eye), hypoglobus or 
hyperglobus (dropped or raised level of the globe, respec-
tively), strabismus (squint), diplopia (double vision), deterio-
rated visual acuity or blindness, a false eye, ectropion (eyelid 
turned out), entropion (eyelid turned in), scarring, fat atrophy, 
zygomatic malalignment, and canthal dystopia are all signifi-
cant and debilitating problems (Fig. 10-3). They are common 
complications of orbital and zygomatic surgery. All lead to 
distress and to a loss of function (vision) or esthetics or both. 
Psychological support and counseling may be required.1

It is essential to take both the soft and hard tissues into 
consideration. If either is ignored, patient care will be com-
promised. Treatment must avoid exacerbation of the problem 
by the poor positioning of facial access incisions (Figs. 10-4 
through 10-6).2,3 It is possible to expose most of the face and 
orbit with esthetic incisions: coronal, transconjunctival 
(sometimes with lateral extension), transcaruncular, lower 
lid, and intraoral.2-5 Endoscopic assessment of injuries and 
orbital fracture repair is becoming more common.6-8

How do we ensure that we get the best results for our 
patients? The controversies surrounding orbital injuries 
include the following:

• The type, detail, and extent of preoperative clinical exami-
nation and investigations that are required

• The timing of primary surgery (early or late)
• Incisions for fracture exposure
• The type of fixation at primary and secondary surgery (i.e., 

none, multiple, resorbable plates, or non-resorbable plates)
• Role of intraoperative guidance (navigation systems)
• Bone grafting versus alloplastic materials

• The management and prevention of diplopia
• The prevention of enophthalmos
• The management of infraorbital nerve numbness or 

dysesthesia
• The management of decreasing visual acuity or an acutely 

blind eye
• The management of ocular injuries
• Length of follow-up and use of postoperative imaging 

(computed tomographic [CT] scans)

Assessment, preoperative investigations, collaboration with 
others, timing of surgery, and methods of treatment, 
follow-up, and secondary management all demand 
consideration.

Orbital injuries can occur alone, but most often they are 
associated with other injuries, such as zygomatic (malar), 
frontal sinus, naso-orbitoethmoidal, or Le Fort II/III frac-
tures and skull fractures. They are a mixture of low-force 
injuries (zygomatic fracture, orbital floor, naso-
orbitoethmoidal) and high-force injuries (supraorbital rim, 
orbital roof, frontal sinus) (Fig. 10-7). Orbital injuries are 
complicated by their proximity to the brain, eye, nasolacrimal 
apparatus, facial nerve, and sinuses.

The etiology of orbital injuries varies by geographic loca-
tion. In the United Kingdom, orbital injuries are most often 
caused by assaults, usually in association with alcohol, but 
they also occur as a result of road traffic accidents, horse 
riding accidents, falls, sports, and industrial accidents. 
Gunshot injuries are rare but are becoming more common. 
The greater the force, the more comminuted and displaced 
the fracture and the greater the association with other serious 
injuries. High-force injuries (e.g., orbital roof, supraorbital 
rim) have a mortality rate of 12% from associated injuries of 
the head, neck, and chest. Zygomatic and orbital injuries 
involving the floor and medial wall are low-impact (low-
force) injuries. Injuries involving the medial canthal area 
(naso-orbitoethmoidal) are associated with intermediate 
force.

The principles of acute trauma life support for maxillofa-
cial surgery must not be forgotten and are similar to those for 
any injury (Fig. 10-8):

Airway
Breathing
Circulation, cervical spine
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Go over it all again
Help

Facial injuries are sometimes considered to be less impor-
tant than other injuries in the severely injured patient. After 
any life-threatening injuries have been dealt with, facial inju-
ries should be treated in conjunction with any other proce-
dures (e.g., orthopedic, surgical) rather than left unattended. 
If a CT scan is requested to rule out an intracranial injury, it 
is sensible to use that opportunity to assess the orbit and the 

FIGURE 10-1  Long-term  consequences  of  an  orbital  injury. 
A, Severe right orbital  injury  to  the soft and hard  tissues. B, Severe 
left orbital injury: soft and hard tissues, diplopia, loss of vision, enoph-
thalmos, hypoglobus, canthal dystopia. 

A

B

FIGURE 10-2  Soft and hard tissue relationship. 

FIGURE 10-3  Canthal dystopia. 

FIGURE 10-4  Coronal exposure. 

FIGURE 10-5  Orbital  access  incisions: medial  blepharoplasty  to 
explore medial wall. 

Disability, drainage (intracranial hematoma, retrobulbar 
hemorrhage), drugs (for cerebrospinal leak, fractures)

Expose and examine eyes, ears, and the back of the 
head

Facial nerve
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acronym “BAD ACT”: blowout fracture, acuity, diplopia, 
amnesia, and comminuted trauma (Appendix 1). If a serious 
eye injury is suspected or identified, urgent collaboration 
with an ophthalmologist is required, and consideration of 
urgent exploration is essential.11

Visual acuity must be assessed and recorded. If the patient 
is conscious but has swelling around the eyes, the assessment 
can be made easier by explaining to the patient that you need 
to examine his eyes and that you will be helping him to open 
his eyes and then asking him to open his eyes while you gently 
elevate the upper lid and depress the lower lid. If an attempt 
is made to pry open the eyes, the orbicularis oculi will spon-
taneously contract and resist the attempt.

Edema of the retina (Berlin’s edema) is the most common 
cause of decreased visual acuity, but an intraocular injury, 
retrobulbar hemorrhage, and optic nerve lesion must be ruled 
out. Among patients with head and neck trauma, optic nerve 
injury is the third most common major cranial nerve injury 
after olfactory and facial nerve injuries. If severe facial inju-
ries are present, these potentially serious problems must be 
identified during the secondary survey. Traumatic optic nerve 
lesions (TONL) often occur acutely and are missed or ignored 
because of other, potentially more serious injuries. Approxi-
mately 2% (0.7%-5.0%) of all closed-head injuries and 20% 
of all frontobasal injuries show some kind of visual pathway 
damage. In these injuries, it is usually the intracanalicular 
part of the optic nerve that is affected (Figs. 10-9 and 10-10); 
and TONLs most commonly are found with frontal (72%) or 
frontotemporal (12%) injuries.

The first orbital surgery should give the best outcome, and 
it needs to be thorough. The main aim of orbital surgery is 
restoration of the anatomy to its normal and esthetic form 
with preservation of vision, movement, globe position, esthet-
ics, and lacrimation. It is essential to address the whole 
problem. It is wise to remember the morbidity of surgery, as 
well as its advantages, but also to consider the problems of 
neglected treatment. A patient who survives is likely to do 
better from all aspects if he or she is not left with severe 
deformities. If there are significant soft tissue injuries, it often 
is not possible to return the face to its pre-injury state.

Assessment and investigations should be thorough, includ-
ing access to plain radiography, CT, magnetic resonance 
imaging (MRI), ultrasonography, and spiral three-dimensional 

naso-orbital area, if injury is suspected. Facial lacerations 
demand attention to detail, and a maxillofacial surgeon 
should be part of the acute trauma team. Once the patient is 
stable, lacerations should be explored and sutured within the 
first few hours.

Blindness is a serious complication of orbital injury. In a 
prospective study undertaken by al-Qurainy et al., the inci-
dence of severe ocular injury in 438 zygomatic fractures was 
12%, with 2.5% of the patients having a significant traumatic 
optic neuropathy.9 The incidence of diplopia was 20%, and 
even with early surgery, long-term diplopia occurred in 1% 
of the patients.10 These prospective studies led to the develop-
ment of a scoring system for eye injuries and highlighted the 

FIGURE 10-6  Medial wall exposure via upper blepharoplasty with 
extensive  subperiosteal  dissection  and  preservation  of  nerves  and 
vessels. 

FIGURE 10-7  Forces required to fracture facial bones. 
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FIGURE 10-8  Acute trauma life support. 
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(3-D) reconstruction.12-18 Usually, more than one type of 
investigation is required to get a clear picture. A provisional 
surgical plan is made, but the final assessment can be made 
only after open surgical exposure and exploration of the 
injuries.19

Orbital surgery requires a multidisciplinary team includ-
ing a maxillofacial surgeon, a surgeon with facial plastic sur-
gical experience, an ophthalmic surgeon with access to 
orthoptists, a neurosurgeon, and a radiologist. Intraoperative 
fluoroscopy, cameras, and CT screening are becoming more 
common and are likely to influence the direction of future 
treatment in this area.20-22 Radiological screening helps assess 
the position of the zygoma and its arch, the correction of 
enophthalmos, orbital wall and optic canal exploration, and 
extensive orbital reconstruction. The zygomatic arch, infraor-
bital rim, and buttress positions are of paramount importance 
in supporting the zygoma and ensuring optimal orbital 
reconstruction.19,23,24 Endoscopic assessment of the arch, rim, 
and orbital floor at the time of surgery is relatively straight-
forward and is likely to influence future treatment.6,7,8,17

Secondary problems are usually related to one or more of 
the following:

• The complexity of the initial soft and hard tissue injury
• Delayed treatment
• Excessive scarring, including within the orbital fat
• Failure of adequate support of soft tissues
• Fat atrophy
• Inadequate exposure, reduction or fixation of orbital/ 

zygomatic fractures23-29

• Comminuted zygomatic fractures (Fig. 10-11), missed 
medial and floor injuries

• Bone loss

CLINICAL ASSESSMENT Of ORBITAL INJURY

A thorough history and clinical examination are undertaken 
(Appendix 2) to determine the possibility of a penetrating, 
chemical, or blunt injury to the eye or soft tissues. Evidence 
of a head injury (amnesia), a neck injury (10% of cases), loss 
of smell (anosmia), deterioration or loss of vision, develop-
ment of double vision (diplopia—vertical, horizontal, or rota-
tory), eye movements (painful or not), and eye position in all 
three planes (proptosis or enophthalmos, hypoglobus or 
hyperglobus, or an orbital dystopia) should be recorded.FIGURE 10-10  Orbital apex to show optic foramen. 

FIGURE 10-11  Inadequate fixation leading to flat left zygoma with 
lateral canthal drift. 

FIGURE 10-9  Orbital apex: optic nerve (arrow). 
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Orbital trauma can result in displacement of the globe in 
any direction. Proptosis occurs in the acute phase due to 
hematoma or swelling of orbital tissues, or both. As the swell-
ing subsides, proptosis resolves and may become enophthal-
mos. Persistent proptosis may be caused by subperiosteal 
hematoma or intraorbital bone fragments. Enophthalmos is 
a common late sequela and may result from a combination 
of expansion of the orbit, prolapse of soft tissue through a 
blowout fracture, necrosis of soft tissue (rare), and intraor-
bital fibrosis. There is often an associated impairment of 
ocular motility. Vertical displacement of the globe is common. 
Upward displacement may result from hematoma or edema 
in the acute phase or from orbital floor impaction causing a 
reduction in orbital volume. Downward displacement (hypo-
globus) is far more common, particularly in patients with 
comminuted orbital floor or lateral wall fractures or roof 
fractures. Horizontal lateral displacement of the globe can 
result particularly from naso-orbitoethmoidal fractures and 
from severing of the medial canthal ligament. Traumatic her-
niation of the globe into the maxillary sinus can occur. Good 
recovery of visual function and esthetics is achievable after 
effective repair.

Eye position can be measured with the use of an exoph-
thalmometer but is best assessed from CT or MRI scans. The 
exophthalmometer is of little benefit for patients with lateral 
orbital disruption, the most common orbital injury. Surgeons 
have developed exophthalmometers based on the ear canals 
and supraorbital positions, but these are less accurate than 
CT scan assessment, which also allows an assessment of 
orbital fat volume and helps determine the need for 
surgery.12,13,16,22,30-32

Facial sensation is tested. Altered facial sensation around 
the orbit may be the only initial clinical sign of a blowout 
fracture. The alar of the nose should be gently touched, and 
the patient should be asked if she can feel one side and then 
the other and whether they feel the same. Swelling can give a 
false impression of true nerve damage.

Facial nerve injury compounds any orbital injury and 
should be actively sought. If the nerve is severed through a 
laceration, the laceration should be explored and the nerve 
primarily repaired with the aid of a microscope, unless it is a 
peripheral injury.

Intercanthal (medial and lateral) and interpupillary mea-
surements are taken (see Appendix 2). The use of a local 
anesthetic to enable a full clinical assessment for medial 
canthal disruption is advised.

Mouth opening should be assessed, because any displace-
ment of the zygomatic complex can impinge on the tempo-
ralis muscle or coronoid process and interfere with jaw 
movement. Trismus is not an uncommon complication of a 
zygoma or orbital fracture.

It is an advantage to have a diagram or photograph in the 
notes to demonstrate grazes, bruises, and the presence of 
periorbital or lid lacerations and to record any loss of soft or 
hard tissue.

Forced duction tests under local anesthesia can be helpful 
but are not necessary in the conscious patient (Figs. 10-12 
through 10-14). The clinical sign of pain on looking up 
or laterally with diplopia is evidence of entrapment. The  
pain is thought to be caused by disturbance of the periosteum 
by the entrapped tissue. A Hess test helps display any restric-
tion, but it is important to look for the clinical sign of  

FIGURE 10-12  Forced  duction  test,  picking  up  adventitial  tissue 
around the inferior rectus muscle. 

FIGURE 10-13  Forced duction test, picking up attached conjunc-
tiva at the margin of the cornea. 

pain (i.e., slight grimace) and retraction of the globe on eye 
movement.

APPLIED SURGICAL ANATOMY

The orbit (Figs. 10-15 through 10-17) has several important 
anatomical features. Knowledge and appreciation of the 
anatomy enables one to understand the injuries and to pos-
tulate how to reconstruct them. The orbital skeleton should 
be returned to its norm with enough strength to resist 
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disrupting forces. There is argument about simple elevation 
and single, two-point, and three-point fixation approaches.23,24 
It is recognized that even with frontozygomatic and infraor-
bital rim fixation, posterolateral orbital rim rotation can be 
missed. It is advisable with unstable zygoma fractures to view 
the frontozygomatic fracture and either the buttress (intra-
oral) or the zygoma/sphenoidal fracture line to prevent the 
development of enophthalmos.33

The orbit can be anatomically classified in many ways. It 
has been described in relation to its bony components; it is 
made up of seven bones. It has been divided into anterior, 
middle, and posterior thirds to help differentiate the sites 
related to hypoglobus (anterior orbital floor), enophthalmos 

FIGURE 10-14  Medial forced duction test, preoperatively. 

FIGURE 10-15  Orbit  anatomy.  Orange arrow,  superior  fissure. 
Red arrow,  inferior  fissure.  Green ring,  posterior  floor,  retrobulbar 
bulge. Red line, anterior floor (concave). Yellow line, infraorbital nerve 
in  groove  and  exiting  from  canal  through  infraorbital  foramen. Red 
triangles, anterior and posterior ethmoidal arteries. 

FIGURE 10-16  Computed tomographic scan showing orbital floor 
fracture. 

FIGURE 10-17  Measurements  to  aid  orbital  dissection.  Orange 
arrow, superior fissure. Red arrow, inferior fissure. Green ring, poste-
rior floor, retrobulbar bulge. Red line, anterior floor (concave). Yellow 
line, infraorbital nerve in groove and exiting from canal through infra-
orbital  foramen.  Red triangles,  anterior  and  posterior  ethmoidal 
arteries. 
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a combination of bipolar diathermy and knife dissection. The 
floor must be fully explored, and in the adult this usually 
requires a dissection along the floor and lateral wall for at 
least 35 mm (see Fig. 10-17).

Most failed explorations are caused by a reluctance to 
adequately free up this area and get completely around any 
floor fracture or defect (navigation systems may be helpful). 
The difficult areas are (1) the junction of the infraorbital 
groove and the inferior fissure and (2) identification of the 
posterior aspect of the retrobulbar bulge as it passes posteri-
orly and medially to the inferior fissure. The periosteum 
needs to be incised on either side of the fissure and elevated 
gently. Care must be taken at the junction of the infraorbital 
groove and fissure to dissect the infraorbital nerve free from 
the orbital tissues. This subperiosteal dissection, using careful 
eye retraction, magnification, and a light source (head light), 
enables a full exploration of the orbital floor and its lateral 
and medial walls. The transconjunctival or lower eyelid skin 
incision does not need to be extended if the orbital perios-
teum is well mobilized. The inferior rectus and inferior 
oblique muscles are protected by remaining in a subperiosteal 
plane. The anatomy of the nasolacrimal sac and canal should 
be kept in mind.

It has been suggested that an inferior orbitotomy may help 
in exploring large blowout fractures. In our experience, an 
inferior orbitotomy is used occasionally in secondary proce-
dures but usually is not necessary in the acute situation. An 
inferior orbitotomy may be useful to decompress the infraor-
bital nerve in patients with infraorbital nerve dysesthesia or 
persistent numbness (Figs. 10-18 through 10-22). Resolution 
and protection of cheek and lip sensation is best achieved, 
even with minimal infraorbital rim disruption, by reduction 
and fixation of the fractured bone at the frontozygomatic or 
infraorbital rim or both.36,37

The anterior floor supporting the globe is reconstructed 
(usually with bone grafting) to prevent hypoglobus. It is our 
preference to use autogenous bone from the cranium, man-
dible, or opposite lateral maxillary sinus wall, although nasal 
septum, ear cartilage, and fascia lata have also been used with 
success.38,39 Alloplastic material (Silastic) has a tendency to 

(middle), and visual or neurological problems (posterior) 
(see Fig. 10-9). Correction of hypoglobus requires lifting of 
the globe and repair (with or without bone grafting) of the 
anterior half of the orbit. Prevention or correction of enoph-
thalmos requires the globe to be pushed forward with repair 
of the lateral and medial walls and reconstruction of the ret-
robulbar bulge.34

The orbit has also been described according to its anatomi-
cal walls: it has a floor, a medial wall, a roof, a lateral wall, an 
apex, and an orbital rim. This method is the easiest to com-
prehend, and combined with the other classifications, it 
allows for a logical anatomical assessment and a logical treat-
ment of orbital injuries.

The orbit is a quadrangular pyramid with its base on the 
facial surface. Its apex is the optic foramen and the medial 
end of the superior orbital fissure.

The orbital rim is composed of cortical bone. Its strength 
arises from its circumorbital continuity. If the rim is broken, 
the strength—particularly of the inferior, medial, and lateral 
walls of the orbit—is significantly decreased. Dissipation of 
the impact required to fracture the rim often transmits the 
forces to the floor and medial wall, leading to concomitant 
damage to the floor and wall, while leaving the rim intact.35 
A patient with an isolated orbital rim fracture may initially 
have few symptoms, exhibiting only infraorbital anesthesia, 
but may present later with enophthalmos or dysesthesia, 
epiphora (secondary to nasolacrimal obstruction), or dacroy-
cystorhinitis. These patients should be monitored for at least 
6 weeks before discharge (see Fig. 10-16). Symptomatic infra-
orbital nerve problems warrant treatment.36,37

The floor of the orbit is very thin and S-shaped. It is 
concave anteriorly and convex posteriorly (see Figs. 10-15 
and 10-17). It is traversed anteriorly by the infraorbital groove 
and canal (lateral to medial). The infraorbital canal is sus-
pended from the floor. This groove and canal carry the infra-
orbital nerve from the pterygopalatine fissure below the 
inferior orbital fissure to the infraorbital foramen and further 
weaken the floor. This anatomical relationship accounts for 
the clinical sign of facial numbness, paresthesia, or dysesthe-
sia affecting the alar of the nose, cheek, upper lip, and anterior 
teeth after an orbital floor or zygomatic fracture. The floor is 
fractured either by buckling (dissipation of orbital rim forces) 
or by rapid expansion of the orbital contents, which leads to 
a fracture of the floor or the medial orbital wall.35 Floor frac-
tures are usually medial to the nerve. If a fracture involves the 
whole floor, the infraorbital nerve supports the floor like a 
piece of string, camouflaging the initial clinical signs of hypo-
globus and enophthalmos.

The anatomy of the postbulbar bulge (maxillary sinus 
expansion posterior to the globe) is important in maintaining 
the eye’s anterior-posterior position (assuming that the soft 
tissue support is damaged) and must be reconstructed to 
prevent enophthalmos. Volume changes on CT examination 
illustrate clearly the importance of this area in the develop-
ment of enophthalmos. This area is often not explored because 
of a reluctance to dissect far enough into the orbit. It is essen-
tial to dissect the inferior fissure free from the orbital con-
tents, at least to behind the infraorbital nerve (see Fig. 10-16). 
The inferior orbital fissure is traversed by only minor vessels, 
lymphatic channels, and fibrofatty tissue. The infraorbital 
nerve passes below the fissure to enter the infraorbital groove. 
These tissues are carefully dissected under magnification by 

FIGURE 10-18  Inferior orbitotomy  to explore  the orbital  floor or 
decompress the infraorbital nerve. 
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extrude, but Silastic remains the most frequently used mate-
rial in the United Kingdom.40,41 Resorbable material, although 
useful in small defects, potentially leaves the patient with late 
enophthalmos after resorption. Very large defects are well 
restored with a combination of metal (titanium or Vitallium) 
and autogenous bone. The posterior floor (bulbar bulge) is 
reconstructed with layers of bone to correct and prevent 
enophthalmos. There is still a reluctance to undertake bone 
grafting in the acute management of these injuries. Primary 
bone grafting in facial injuries has been shown to give good 
long-term results.27,38,39,41,42

The medial wall is paper thin (Fig. 10-23). It obtains its 
strength from the continuity of the ethmoidal air cells and 

FIGURE 10-19  Clinical picture of inferior orbitotomy. 

FIGURE 10-20  Plate  on  inferior  orbitotomy  for  reconstruction  of 
orbital rim. 

FIGURE 10-21  Position of plate for inferior orbitotomy. 

FIGURE 10-22  Infraorbital  nerve  exposed.  A,  nose;  B,  cheek; 
C, eyelid. 

C

B

A

FIGURE 10-23  Thinness of medial wall. 
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orbital fissure and posterosuperiorly by the superior orbital 
fissure. It is sensible to understand the relationship between 
these two fissures (see Figs. 10-9 and 10-15). Fractures in the 
lateral wall and displacement are usually associated with 
zygomatic fractures. Inferior displacement of the zygoma 
leads to displacement of the lateral canthus and to a unilateral 
mongoloid slant to the palpebral fissure (see Fig. 10-11). 
Undercorrected or overcorrected lateral displacement (lateral 
wall) is the most common cause of enophthalmos and hypo-
globus. If zygomatic fixation at the frontozygomatic suture is 

from their multiple septa. When it is fractured, the forces of 
injury are rapidly dissipated, thus protecting the brain and 
eye. Nasal fractures frequently involve the medial wall and 
the inferior orbital rim.

Although nasal radiographs are not usually taken, there 
should be a high index of suspicion of medial wall injuries in 
cases of anterior collapsed nasal fracture. If there is any clini-
cal indication of nasal or cheek numbness, radiographs 
should be taken. Medial wall defects tend to be small and 
minimally displaced, and they are easily missed. There is a 
high incidence (30%-50%) of medial wall fractures associated 
with floor fractures.13,28 Medial wall injuries contribute to 
enophthalmos and can cause horizontal diplopia. The medial 
wall is traversed by the anterior and posterior ethmoidal 
arteries at about 24 and 34 mm, respectively, from the ante-
rior lacrimal crest (orbital rim). If the medial wall is being 
explored, these arteries should be identified and coagulated. 
Bleeding can easily be arrested by bipolar diathermy. Although 
these are relatively low-pressure vessels, they do contribute to 
the problems of visual impairment, ophthalmoplegia, and 
proptosis after retrobulbar hemorrhage (Fig. 10-24).

The nasolacrimal sac is sited anteriorly between the orbital 
rim and the posterior lacrimal crest. It is protected by the 
anterior and posterior bands of the medial canthal ligament 
(Figs. 10-25 and 10-26) and drains through the nasolacrimal 
duct to the inferior meatus of the nose. In the treatment of 
orbital injuries, it is important to protect the canaliculi, the 
sac, and the duct when placing incisions and for osteosynthe-
sis. Obstruction in the duct or damage to the sac can cause 
epiphora and recurrent dacroycystorhinitis.

Telecanthus, medial canthal dystopia, nasal deformity, 
epiphora, and dacroycystitis are also complications of medial 
orbital wall and nasal injuries; they can be addressed only by 
considering them in the acute phase and reconstructing the 
areas anatomically.

The lateral orbital wall is fairly strong. It is supported by 
the temporalis muscle but weakened inferiorly by the inferior 

FIGURE 10-24  Computed tomogram showing retrobulbar hemor-
rhage in the right eye. 

FIGURE 10-25  Dissection  of  lacrimal  fossa.  A,  medial  canthus; 
B, fossa; C, nasolacrimal sac retracted. 

A

B

C

FIGURE 10-26  Nasolacrimal anatomy. 
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injury. The orbit’s relationship with the frontal sinus is a 
natural defense mechanism against injury to the brain or eye, 
because the forces are dissipated through fracturing of the 
walls of the air-filled sinus. If injured, this area warrants 
reconstruction, because damage to the frontonasal duct can 
lead to mucoceles, sinusitis, and possible meningitis. An iso-
lated blow-in fracture with proptosis is relatively easily 
treated. This is best done in collaboration with a neurosur-
geon and by means of a subcranial or transcranial approach.

The orbital apex is not well understood (see Figs. 10-9, 
10-10, 10-15, and 10-17). It transmits the optic nerve with its 
retinal artery, which is an end artery. Injury or constriction 
of this vessel may lead to acute or insidious blindness after an 
orbital injury (i.e., TONL) and development of traumatic 
optic atrophy (Fig. 10-30). There is an increasing tendency, 
although unproven need, to explore this area to decompress 
the optic nerve (see later discussion of ocular injuries).

Other important anatomical factors in the apical area 
include the posterior aspects of the inferior and superior 
orbital fissures, the tendinous ring origin of the ocular 
muscles, and the oculomotor, trochlear, abducens, and oph-
thalmic nerve branches. Injury to this area leads to a number 
of well-recognized syndromes. The orbital apex syndrome is 
blindness (optic nerve injury). The clinical signs of superior 
orbital fissure syndrome are:

not secure, the masseteric and temporalis muscles can pull 
the zygoma inferiorly, leading to an osteodistraction force at 
the frontozygomatic suture with elongation of the lateral wall. 
This is a very important concept in secondary reconstruction 
and explains the need to resect a measured piece (usually 
5 mm) of the lateral orbital rim in a malar (zygomatic) oste-
otomy (Fig. 10-27).

Adequate reduction of the zygoma is difficult to determine 
on the table, in particular the final volume of the orbit. As a 
result supplementary methods like that of ultrasonography, 
fluoroscopy, CT navigation, or endoscopy have become more 
popular.6,7,8,20,21 CT navigation is currently the “gold standard” 
to ensure a perfect reduction and correction of the orbital 
volume. Postoperative radiographs or some accurate analysis 
are an integral part of assessment of the postoperative posi-
tions of the zygoma and orbit. Reoperation should be under-
taken earlier rather than later to avoid the long-term sequelae. 
In some countries (United States, Australia), postoperative 
spiral CT scans are taken for moderate to complex orbital 
reconstructions to assess orbital volume, zygoma and bone 
graft position, and orbital wall reconstruction. This is the gold 
standard and enables clinicians to improve future treatment 
for these patients, but of course there are concerns about the 
radiation given to this sensitive area, without any clear evi-
dence of an audited benefit.

The orbital roof is protected by the very strong supraor-
bital rim, but fractures of the roof are commonly seen in 
association with frontal sinus and naso-orbitoethmoidal frac-
tures (Figs. 10-28 and 10-29). These can be blowout fractures 
but more commonly are blow-in fractures, leading to hypo-
globus and proptosis.32 This injury is also associated with 
diplopia due to displacement of the trochlea, which transmits 
the tendon of the superior oblique muscle of the eye.43 Con-
sideration of the orbital roof is essential in any craniofacial 

FIGURE 10-27  Malar osteotomy cuts. A, calvarial bone graft  to 
augment the floor, retrobulbar area, and any bone defects; B, resection 
(5 mm); C, osteotomy into inferior fissure; D, arch osteotomy. 

B

C

D

A

FIGURE 10-28  Orbital blow-in fracture. 

FIGURE 10-29  Lateral blow-in  fracture  leading  to proptosis with 
impingement on the lateral rectus and, indirectly, on the optic nerve. 
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ASSESSMENT

Orbital injuries require a thorough investigation that includes 
an ophthalmic assessment,9-11 an orthoptic assessment, pho-
tographs (pre-injury, before repair, and postoperative), plain 
radiographs, CT assessment with or without MRI, occasion-
ally 3-D reconstruction, and possibly stereolithic models. 
Ultrasonography has been shown to be useful in the emer-
gency department and in the operating room for assessment 
of zygomatic and orbital fractures, particularly medial and 
floor blowout fractures.

Radiology is covered in Chapter 5. Briefly, plain radio-
graphs are very useful and, if carefully assessed, can yield 
good information. Comparison in a noninjured patient 
between the left and right zygoma, orbit, and maxillary sinus 
usually reveals symmetry. Comparison in an injured patient 
can provide an accurate assessment of the displacement, 
accepting that there may have been a previous injury.

Occipitomental views at 10 and 30 degrees, a submento-
vertex projection (if there is no neck injury), and a lateral face 
view give the most information. It is advisable to look at the 
zygomatic arch (particularly posteriorly), the orbital rim (for 
buckling and separate fragments), the frontozygomatic junc-
tion (frontozygomatic distraction and diathesis), the lateral 
maxillary buttress (displacement), the body of the zygoma 
(comminution), and the distance between the coronoid tip 
and the buttress to assess the amount of displacement (Figs. 
10-31 and 10-32). A comparison and estimation of the size 
and shape of the quadrangular orbit and the maxillary sinus 
(black triangle) can help in both the acute and the secondary 
assessment. The lateral face radiograph is examined mainly 
in terms of the nasal projection, the frontal sinus, and height 
changes in those patients with associated maxillary 
fractures.

Tomography is rarely used but can be helpful to identify 
the position of metallic foreign bodies. This assessment 
should be done with some external metallic marker.

FIGURE 10-30  Traumatic  optic  atrophy  with  preservation  of  a 
small retinal artery (normal color in that area). 

• gross and persistent periorbital edema.
• proptosis (due to loss of tone of muscles of the eye).
• ophthalmoplegia and ptosis (third, fourth, and sixth 

cranial nerves).
• subconjunctival hemorrhage.
• pupil dilatation.
• an absent direct light reflex but a persistent indirect light 

reflex (i.e., second nerve is normal).
• loss of accommodation, corneal reflex, and sensation to 

the forehead (frontal nerve).

Treatment for these symptoms has been conservative in the 
past. It is now advisable to consider orbital apex exploration 
if the patient has an acute visual loss with no intraocular 
cause, in an effort to save vision.

It is necessary when operating to understand the dimen-
sions of the orbit and how far it is safe to dissect down any 
individual wall.34,44 For this reason, the availability of a dried 
or plastic skull in the operating room is advocated to facilitate 
understanding of orbital dissection. It is possible through 
orbital incisions to mobilize the orbital contents so that they 
are free except for the superior fissure, the tendinous muscle 
origin and optic nerve, and the nasolacrimal and medial 
canthal area.2,3 This allows for a thorough exploration of all 
the orbital walls, floor, and roof. It is also a good use of a 
navigation system to ensure precise access to the damaged 
area.

In the case of avulsive orbital defects, the remaining orbit 
should be reconstructed. The bony defect should be recon-
structed with primary autogenous bone grafting, supported 
with rigid fixation (low-profile plates), and covered with soft 
tissue through local rotation flaps or free vascular tissue, 
rather than waiting for the scarring process to proceed. Scar-
ring will further compromise the orbital outcome.

FIGURE 10-31  Occipitomental  view of  a  fractured  left  zygoma, 
not suitable for simple elevation. Notice the radiopacity and decreased 
size of the triangle (maxillary sinus), the decreased distance between 
the coronoid tip and zygoma body on the left compared with the right 
side,  the  left  zygomatic  arch  (two  fractures  with  distal  disruption),  
and  multiple  fractures  along  the  infraorbital  rim  with  naso-orbital 
disruption. 
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CT assessment is the investigation of choice for any patient 
with a blowout fracture, diplopia, or a comminuted orbital 
fracture and before secondary reconstruction (Figs. 10-33 
and 10-34; see Figs. 10-16, 10-24, 10-28, 10-29). To see the 
floor and the medial wall, coronal and transverse images 
(1-2 mm) are required. CT allows the clinician to look at the 
bony orbit, the air sinuses around the orbit (frontal, eth-
moidal, and maxillary), the soft tissues for evidence of edema 
and hematoma, and the muscles for edema and fibrosis. Con-
ventional 3-D CT scans can be misleading (Fig. 10-35). Spiral 
3-D CT scans are much more accurate but still lack definition 
because of the very thin bones that make up the orbit. Ste-
reolithic models have been used and are helpful, but they are 
expensive and have not been accurate enough to allow for 
planning of plate positioning and bending.18

CT is very useful for orbital volume assessment in orbital 
blowout fractures in the acute situation and after the swelling 

FIGURE 10-33  Computed  tomogram  showing  right  orbital  floor 
crack fracture in a child. 

FIGURE 10-34  Computed tomogram of left orbital injury. A, Com-
puter measurements. B, Computer-generated volume 3-D assessments. 
C, Postoperative measurements. 

A

B
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FIGURE 10-35  Three-dimensional  computed  tomographic  scan 
showing difficulty in interpretation because of  thinness and computer 
reconstruction of  the  floor and medial wall;  it  does,  however,  show 
displacement of the body of the right zygoma. 

FIGURE 10-32  Occipitomental  view of  a  fractured  left  zygoma, 
not suitable for simple elevation. Notice the altered axis (horizontal to 
vertical) of the orbital quadrangle, the radiopacity and decreased size 
of the triangle (maxillary sinus), the left zygomatic arch (two fractures 
with distal disruption), loss of the gentle curve of the lateral maxillary 
sinus wall on the left, and the decreased distance between the coro-
noid  tip  and  zygoma body  on  the  left  (overlap)  compared with  the 
right side. 
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has settled; it gives an idea of the amount of augmentation 
required and whether surgery is indicated (see Fig. 10-34). It 
is advisable in all cases of enophthalmos to determine the 
presence of any bony defects, the lateral displacement, and 
the amount of bone required to restore the orbit to normal. 
CT navigation devices are very useful in helping reconstruct 
orbital fractures and determining the position and amount  
of bone grafting required.15,20,29,45 Orbital bone grafting 
should be combined with some assessment of intraocular 
pressure.39

MRI scans can be very helpful, particularly for looking at 
soft tissues, and they have been shown to be just as accurate 
as CT scans in identifying blowout fractures of the medial 
wall.13,14,34 The combination of MRI and CT scanning can 
improve the information gained, particularly for assessment 
before secondary correction.30,31 Spiral CT scanning remains 
the gold standard. Ultrasonography is particularly useful in 
the acute situation in the emergency department or with a 
severely injured patient in the intensive care unit to assess for 
an orbital injury.17 It is particularly good at picking up but-
tress wall, medial wall, and zygomatic arch fractures. Fluo-
roscopy can be used to assess the bony positions and the 
vascular supply.21 Soft tissue scarring of the orbital septa may 
be a cause of poor motility, independent of the bony injuries. 
This seems very important in children.

Orthoptic tests (Figs. 10-36 through 10-41) include the 
cover test, diplopia test, Hess test, binocular fixation tests, and 
field tests. Ocular pressure is also assessed.

The Hess test is very useful for assessment and review of 
patients with diplopia. It allows clinicians to distinguish 
between edema, entrapment, neurological impairments, and 
a previous strabismus. It is important to recognize that, if 
entrapment is present, the noninjured eye will overreact, 
because of the muscle straining in both eyes, in an attempt to 
get the injured eye to move (see Fig. 10-38); this makes 
the discrepancy in eye movements appear greater than it 
really is.

FIGURE 10-36  Cover test and assessment of hypoglobus. 
FIGURE 10-37  Cover test and assessment of hypoglobus. 

FIGURE 10-38  Hess test. A, Test in progress. B, Printout showing 
decreased movement of the left eye and overaction of the right. 

A

B

The diplopia test should be increased from the 9 cardinal 
positions to 25, to allow the testing of central gaze, peripheral 
gaze (<25 degrees) and extreme peripheral gaze (>25 degrees). 
The type of separation (vertical or horizontal) should be indi-
cated on the form (see Fig. 10-41).
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It is essential to work closely with an ophthalmology 
department to enable assessment of these patients for ocular 
injury and to have access to orthoptists and to an ophthal-
mologist with a particular interest in managing 
diplopia.9,10,11,29,46,47

THE TIMING Of SURGERY

The timing of surgery is controversial for a number of reasons. 
Are the facilities available for accurate assessment, stabiliza-
tion, intensive care, and treatment? Is the surgical team avail-
able (surgeons, anesthetists, nurses)? Will the patient survive 
the severity of the head injury or other injuries? Are CT and 
neurosurgical support available for an accurate assessment? 
Many of these problems have been resolved with the universal 
availability of CT and the development of telemedicine, 
which enable neurosurgical, ophthalmological, and other 
consultations to proceed. If the patient has a Glasgow Coma 
Scale score greater than 6, no evidence of an intracranial 
hemorrhage or midline shift, and intracranial pressure lower 
than 15 mm Hg lying down, facial surgery can proceed early 
and at the same time as other surgical procedures (e.g., ortho-
pedic fixation).48-50

It is probably best for the definitive surgery to proceed as 
soon as investigations are complete and the team can be 
brought together, ideally before the swelling becomes too 
severe. This should be done early or within 5 to 14 days at the 
latest. Soft tissue results appear to be better with early 
surgery.26 The results for severe orbital and craniofacial frac-
ture reconstruction have also been shown to be better from 
an esthetic and functional point of view if the surgery (i.e., 
full reconstruction) can be undertaken early. If there is a 
considerable threat to life from chest injury, abdominal bleed-
ing, or severe head injury, facial surgery should be delayed 
for a few days. It is inappropriate to keep patients waiting 2 
to 3 weeks before providing definitive treatment, because the 
surgery becomes more difficult and the eventual outcome is 
worse. An advantage of early surgery appears to be the ability 
to limit the amount of fibrosis by limiting ingrowth of fibro-
blasts and avoiding the need for two insults (i.e., the injury 
and the delayed repair). Surgery is usually performed under 
steroid and antibiotic cover.51

Swelling of the soft tissues can make assessment more dif-
ficult, but the development of CT scanning and the accep-
tance of the need to explore these injuries more thoroughly 
through coronal, facial, and oral incisions have led to a better 
understanding of the extent of facial injuries. Surgical correc-
tion has been further improved by the acceptance of primary 
bone grafting with rigid low-profile fixation for bony defects, 
orbital wall fractures, and naso-orbital injuries. It is impor-
tant to control any mobilized facial soft tissue by reattaching 
the periosteum supporting the facial soft tissue envelope to 
the facial bones. This prevents the unsightly facial soft tissue 
ptosis that is often associated with panfacial fractures.26 The 
periosteum is supported with non-resorbable monofilament 
sutures to the orbital rim and temporalis muscle fascia. 
Careful attention to a layered closure of any soft tissue lacera-
tions or incisions and to facial suturing is essential.25 All facial 
sutures should be removed by 5 days at the latest.

There is a view that more simple orbital injuries (blowout 
fractures) should be allowed to settle before surgery  

FIGURE 10-39  Test for stereotactic vision. 

FIGURE 10-40  Visual field testing. 

FIGURE 10-41  Diplopia test showing double vision on looking up 
and to the left at extreme vision. 
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by entrapment of the periorbital fat or fibrosis around the 
extraocular muscles.

DIPLOPIA

Double vision (diplopia) is a common and debilitating sequela 
to orbital injury. Diplopia is usually associated with a blowout 
fracture of the floor or medial wall but can occur after roof 
or lateral wall injuries.10 Hematoma, edema of extraocular 
muscles or their surrounding fascia, and entrapment of  
the orbital fat septa are the principal causes (Fig. 10-43; see 
Fig. 10-33). Entrapment of extraocular muscles is no longer 
considered to be the cause of diplopia in the acute phase, but 
ischemic injury leading to fibrosis is considered important in 
secondary surgery. This ischemia may be a consequence of 
the initial trauma or surgery. Cranial nerve palsies must be 
distinguished from these causes, and this is relatively easily 
done with the advantage of orthoptic tests (Fig. 10-44). After 
trauma, a previous latent squint can break down and become 
manifest; this is easily detected by orthoptic testing.

It is necessary to test visual acuity in each eye before 
testing for diplopia. Double vision usually does not occur in 
patients with poor vision in one eye or in those who have 
received successful patching for amblyopia in the past and 
effectively use only one eye at a time. Testing for diplopia 
should be done with the patient’s reading glasses in place. If 
visual acuity is so bad that diplopia is not a problem, surgical 
repair may not be required unless the limited eye movement 
is esthetically unacceptable. Although monocular diplopia 
can occur, it is rare and warrants ophthalmological 

(<10 days) to enable ophthalmological, orthoptic, and radio-
graphic investigations to be completed. Waiting a few days 
allows for the diplopia occurring secondary to edema or 
hematoma to settle. Early surgery (<10 days) has been shown 
to give better results than delayed surgery (>3 months), par-
ticularly in children.10,46,52-54 Orbital (lower lid) incisions are 
easier if there is less swelling and enable the identification of 
a crease line. The latter problem can be avoided by the use of 
a transconjunctival or transcaruncular incision with adequate 
subperiosteal dissection to enable satisfactory access.

PREVENTION AND MANAGEMENT Of 
ENOPHTHALMOS

Prevention of enophthalmos is much easier than cure. The 
cause of enophthalmos is an increased orbital volume  
postoperatively; the soft tissue support is damaged, including 
the periorbita and suspension ligaments.30,31 Enophthalmos 
may also occur if the orbital content is decreased by loss of 
orbital contents (fat) through the floor or the medial wall (or 
both) or by loss of the globe or its rupture. Fat atrophy was 
considered to be a major cause of enophthalmos and was 
previously thought to result from a vascular insult due to the 
trauma or the surgery. This is no longer considered to be a 
significant cause, although cicatricial enophthalmos is well 
described.

It is not uncommon for an orbital blowout fracture to be 
missed. The signs may be subtle because of orbital swelling; 
in some cases, the only sign is some numbness of the cheek 
and nose. Radiographs are difficult for those who are not 
maxillofacial surgeons to interpret, but the late signs are very 
obvious: enophthalmos, hypoglobus, supratarsal hollowing, 
supratarsal hooding, diplopia, numbness of the cheek, and an 
altered palpebral fissure (see Fig. 10-1). The palpebral aper-
ture (opening and width) should be measured. The altered 
palpebral fissure manifests as an asymmetry and is classically 
described as being almond shaped, but it can have different 
shapes (e.g., rounded, widened, narrowed).

An accurate assessment of the extent of the orbital injury 
with plain radiographs and CT scanning, adequate exposure, 
anatomical reconstruction, and primary bone grafting should 
prevent the development of enophthalmos (see Chapter 12). 
The extent of surgery and the exposure required are propor-
tional to the severity of the injury. The common problems 
relate to comminution of the zygomatic arch or infraorbital 
rim, failure to augment the orbital floor posteriorly or to 
explore the medial wall, and inadequate stabilization.23,24 It is 
advisable to monitor patients for at least 6 months after an 
orbital injury to rule out the possibility of late enophthalmos 
and for at least 12 months to assess the outcome of infraor-
bital nerve anesthesia.36,37

DISORDERS Of OCULAR MOTILITY

Acute disturbance in eye movement after trauma (Fig. 10-42) 
may be caused by orbital edema; hematoma; direct orbital 
injury with associated extraocular muscle injury; periorbital 
fat entrapment; injuries to the third, fourth, and sixth cranial 
nerves; or disorders of the central control of eye move-
ment.10,11,16,28,29,43,46,47,52,54,55 Persistent diplopia is usually caused 

FIGURE 10-42  Limitation of movement of the right eye. A, Move-
ment. B, Hypoglobus.  Both  patients  complained  of  pain  on  looking 
up. The difference in level of light reflex allows for a clinical measure-
ment and an assessment in time. 

A

B
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attempts to lift that eyelid, the other lid is also elevated (i.e., 
there is pseudoretraction of the lid on the contralateral  
side). Fast up-and-down eye movements (saccades) help to 
differentiate between muscle bruising and entrapment. In 
muscle bruising, a slower eye movement occurs; with entrap-
ment, a rapid movement occurs but is of incomplete ampli-
tude. Increased intraocular pressure occurs on attempts at 
upward gaze due to tethering of the globe. Infraorbital nerve 
anesthesia may occur and may be accompanied by persistent 
pain and dysesthesia. Patients with an orbital injury and 
altered infraorbital sensation should be presumed to have a 
blowout fracture until proven otherwise by review a few days 
later.

In the literature, there is an apparent difference in the way 
these patients are treated depending on whether they are seen 
by an ophthalmology service or in an oral and maxillofacial 
surgery unit.10,54,55 Cooperative practice in a joint clinic has 
helped resolve some of the gray areas.10,46 All patients have a 
thorough maxillofacial and ophthalmic assessment. Surgery 
depends on the severity of the problem. If the injury is severe, 
there is little controversy. If there is clinical entrapment (dip-
lopia), enophthalmos, hypoglobus, or infraorbital nerve anes-
thesia, both specialties, after investigations, advise surgery. If 
there is entrapment but no enophthalmos, no hypoglobus, 
and no infraorbital anesthesia, ophthalmologists prefer to 
wait and, if diplopia persists, to correct it with muscle 
surgery.55 We have found that the best results for persistent 
diplopia (>3 days with orthoptic evidence of entrapment) are 
achieved with early surgery.10,46,54

There are many surgical approaches to the orbital floor, 
each with advantages and disadvantages (Fig. 10-45). These 

assessment. Corneal scarring, lens dislocation, cataract for-
mation, or retinal detachment usually causes it.

ORBITAL fLOOR BLOWOUT fRACTURE

Diplopia may be vertical, horizontal, or both. There may be 
restriction of upward and downward gaze with a sudden 
onset of pain engendered by eye movement. The clinician 
should look for a slight retraction of the globe on attempts at 
upward gaze. A positive forced duction test may be elicited. 
Orbital emphysema may be present for 24 hours after injury. 
Enophthalmos may occur but is often camouflaged for 24 to 
48 hours. It is associated with an asymmetrical palpebral 
fissure, compared with the normal eye. Ptosis of the upper 
eyelid due to enophthalmos may occur. When the patient 

FIGURE 10-44  Cranial  nerve  palsy.  A,  Right  oculomotor  (third) 
nerve palsy. B,  Left abducens palsy  secondary  to caroticocavernous 
sinus fistula. 

A

B

FIGURE 10-45  Multiple  access  incisions:  medial  blepharoplasty 
(dissecting supraorbital nerve), lateral blepharoplasty, medial canthal, 
lower blepharoplasty, lower lid, and lateral orbital. 

FIGURE 10-43  Orbital floor crack fracture with fascial entrapment 
(computed tomogram of the same patient as in Fig. 10-33). 
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CRANIAL NERVE INJURY

In severe head injury, damage to the third, fourth, and sixth 
cranial nerves is commonly seen. Postmortem studies have 
shown that the nerves may even be avulsed from the 
brainstem.

Oculomotor (third cranial) nerve injury results in ptosis, 
dilatation of the pupil, and abduction with slight depression 
of the globe due to the unopposed actions of the remaining 
lateral rectus and superior oblique muscles (see Fig. 10-44). 
There may be no recovery, normal recovery, or recovery with 
aberrant regeneration. This injury leads to paradoxical eye 
movement. Eyelid elevation occurs on adduction or looking 
down. Spontaneous recovery may take 4 to 6 months.

Trochlear (fourth cranial) nerve palsy may result from  
a contrecoup injury against the tentorium cerebelli. The  
superior oblique muscle causes depression of the globe in 
adduction, resulting in vertical double vision. There may  
be a torsional element in which the two images appear to  
be rotated with respect to each other. Torsional diplopia 
usually occurs after bilateral fourth nerve injuries. Spontane-
ous recovery may take 4 to 6 months. Surgical repair of the 
squint is deferred to allow spontaneous recovery to take 
place.

Abducens (sixth cranial) nerve injury causes loss of abduc-
tion. The sixth cranial nerve passes very close to the lateral 
orbital wall and the lateral rectus muscle. It is prone to injury 
after zygomatic or orbital fractures or orbital reconstruction. 
It usually recovers spontaneously. The sixth cranial nerve 
passes through the cavernous sinus and therefore may also be 
injured after the development of a traumatic caroticocavern-
ous sinus fistula (see Fig. 10-44). Surgery is deferred to allow 
spontaneous recovery to take place after treatment of the 
fistula.

Surgery for persistent diplopia after entrapment or nerve 
injury depends on what is possible. Surgery may be under-
taken on the healthy eye to weaken a muscle pull and is best 
performed with the use of an adjustable suture technique. The 
major surgery is done with the patient under general anes-
thesia, and the final adjustment (tightening or relaxation) is 
completed with the patient sitting up and awake with the use 
of a local anesthetic and a little sedation to enable fine adjust-
ments to be made.

DISORDERS Of CENTRAL CONTROL Of  
EYE MOVEMENTS

IMPAIRMENT Of CONVERGENCE

Impaired convergence may result from a closed-head injury. 
The presumed cause is an upper midbrain injury. Treatment 
is with prisms on glasses.

LOSS Of fUSION

Fusion of the images provided by the two eyes is required for 
single vision. Patients who have undergone orthoptic treat-
ment for squint during childhood may have a reduced 
fusional capacity, and a head injury can result in double 
vision if fusion is lost. Spontaneous recovery may occur. The 
subjective nature of double vision due to fusion loss can make 

are the infraorbital, lower lid, blepharoplasty, transconjuncti-
val, medial canthal, transcaruncular, transmaxillary sinus, 
and coronal approaches. All approaches have their place.34 It 
is important to be comfortable with all of these incisions so 
as to give the patient the best available treatment.

Correction of enophthalmos alone is a decision that the 
team makes with patient involvement. Enophthalmos of 
greater than 2 mm is noticeable, and greater than 4 mm is 
clinically obvious. Patients must be aware of the risks of 
surgery: the incidence of blindness is 3/1000 in the acute 
repair and 1/1800 after delayed corrective surgery.42

There is an indication for immediate infraorbital nerve 
decompression in cases of acute or persistent dysesthesia. 
This is achieved more easily through a lower eyelid or  
transconjunctival incision with an inferior orbital rim  
orbitotomy, rather than using an intraoral incision and 
attempting to decompress the nerve with a bur from below 
(see Figs. 10-18 through 10-22). Access is better, and it is 
easier to free the whole nerve. Transconjunctival incisions 
and those in eyelid skin heal very well and are imperceptible 
at 1 month.

MEDIAL WALL BLOWOUT fRACTURE

Medial wall blowout fractures accompany orbital floor 
blowout fractures in about 50% of cases. Entrapment of the 
orbital fat septa medially results in horizontal diplopia and 
restriction of abduction with retraction of the globe. Early 
surgical repair is indicated in these cases. These are usually 
small defects and are easily repaired with a thin piece of bone 
(maxillary sinus) or some alloplastic material. Access to the 
medial wall is through the transcaruncular, medial canthot-
omy (see Fig. 10-25), medial upper blepharoplasty, or coronal 
approach.

BLOW-IN fRACTURE

Fractures of the orbital roof may be undisplaced, or the bone 
may blow in or blow out.32 Symptoms after blow-in fractures 
of the orbital roof, floor, and medial wall vary. These injuries 
can interfere with eye position, motility, and optic nerve func-
tion. If symptoms persist, treatment is by open reduction and 
fixation. Perforating injuries of the orbital roof can lead to 
displacement of bone fragments into brain tissue. Injuries to 
the levator palpebrae superioris and to the superior rectus 
muscle lead to ptosis and impaired upward gaze, respectively. 
Fracture at the posterior aspect of the orbital roof, where it is 
weakest, and in the region of the optic canal and superior 
orbital fissure can result in profound damage to the optic and 
oculomotor nerves. Prolapse of orbital tissue into the frontal 
sinus has been described.

TRAUMA TO THE TROCHLEA

The superior oblique muscle passes through the trochlea, 
which is close to the medial superior orbital margin. Injury 
in this area can lead to entrapment of the superior oblique 
tendon, which causes restriction of elevation of the eye in 
adduction.43 Simple stripping of the periosteum and repair of 
the bony skeleton in the area seem to resolve the problem. 
Detachment of the trochlea at the time of coronal dissection 
does not carry any long-term problems.3



179EYE INJURIES

injury.57 A significant percentage (2%) of patients with an 
orbital injury have an ocular injury severe enough to render 
them blind in that eye.9,11 The incidence of blindness in those 
patients with more severe orbital fractures (fronto-orbital) is 
significantly higher.

Partial tearing of the optic nerve from the eye leads to 
tearing of nerve fiber bundles with a corresponding visual 
field defect. Hemorrhage at the optic nerve head is seen ini-
tially and evolves into optic nerve pallor (see Fig. 10-30). As 
the pigment epithelium of the retina heals, a crescent of pig-
mented change may be seen in the late stages. The distribu-
tion of the nerve fiber loss dictates whether central vision is 
lost. The mechanism of damage is probably torsion of the 
globe with respect to the optic nerve.

TONLs typically occur acutely. About 2% (0.7%-5.0%) of 
all closed-head injuries and 20% of all frontobasal injuries 
show some kind of visual pathway damage in which the intra-
canalicular part of the optic nerve is affected (see Figs. 10-28 
and 10-29).

As stated earlier, TONLs most commonly are secondary 
to frontal or frontotemporal injuries (72% and 12%, respec-
tively). These patients often have associated complex general 
injuries. In about 60% of patients with severe midface or skull 
base fractures, a routine neuro-ophthalmological investiga-
tion with evaluation of optic nerve function is not possible 
because of swelling or the patient’s level of consciousness. 
Some means of testing is required to distinguish permanent 
from temporary TONLs. Electrophysiological testing of the 
visual pathways with a flash electroretinogram (ERG) and 
visual evoked potentials (VEPs) is a known method in the 
nonacute situation but is not frequently used in acute care to 
assess TONLs. This testing allows diagnostic assessment of 
vision and facilitates the decision on whether to operate 
(decompress) (Fig. 10-46). Total avulsion of the optic nerve 
is very rare but occurs with severe orbital injuries and results 
in immediate blindness (Fig. 10-47). Decompressive surgery 
is not indicated in avulsion injuries.

The first clinical step is the assessment of vision,  
followed by gross visual field testing and, if necessary,  
the swinging flashlight test. If the patient is unconscious  
and a decision on visual pathway function or a diagnosis of 
visual pathway damage cannot be made, electrophysiological 
testing with flash ERG/VEP is undertaken. Visual pathway 
function is classified as normal, pathological, or absent, 
and treatment decisions are made on that basis. The checker-
board VEP investigation is superior for the detection of 
TONL but is not applicable in the unconscious or uncoopera-
tive patient.

If decreased visual acuity is detected, an axial spiral CT 
scan of the midface and the frontal skull base with recon-
structed coronal planes is performed. This enables visualiza-
tion of the orbit, optic canal, optic chiasma, and displaced 
bones and identification of the origin of the TONL. This helps 
in the decision whether to treat surgically. A compressive 
TONL does not necessarily require a displaced fracture in the 
optic canal. A whiplash-type injury with no displacement, an 
occult fracture, or simply edema can result in compression 
and may require decompression (Fig. 10-48). Most patients 
with a confirmed posttraumatic afferent disorder of the visual 
pathway (i.e., TONL) have a fracture in the bony optic canal 
or the posterior third of the orbit or a space-occupying intra-
orbital lesion (retrobulbar hemorrhage).

it difficult to analyze objectively when compensation is 
involved. Treatment is with prisms on glasses.

SKEW DEVIATION

Skew deviation is characterized by vertical deviation of the 
eyes on lateral gaze. This can result from closed-head injury 
and produces double vision on lateral gaze. Spontaneous 
recovery usually occurs.

PARINAUD’S SYNDROME

Injury to the region of the superior tectal plate can lead to 
Parinaud’s syndrome: dilated pupils, impairment of accom-
modation and convergence, and impaired upward gaze.

POSTTRAUMATIC NYSTAGMUS

Posttraumatic nystagmus may result from damage to the 
labyrinthine system or from brainstem trauma. This can be 
very difficult to treat and is outside the scope of this chapter.

EYE INJURIES

Decreasing visual acuity or blindness demands urgent assess-
ment. The differential diagnosis includes TONL, retrobulbar 
hemorrhage, and vitreal hemorrhage.

RETROBULBAR HEMORRHAGE

Retrobulbar hemorrhage is an eye-saving diagnosis, but it is 
underdiagnosed in serious orbital injuries.56 The patient pre-
sents with an orbital injury, proptosis, pain, developing oph-
thalmoplegia, decreasing visual acuity, and dilating pupil; on 
ophthalmoscopy, pallor (arterial compression) or venous 
dilatation (venous compression) of the disc is seen. If time 
allows, with the support of medical treatment, an ultrasound 
study or preferably a CT scan should be obtained to deter-
mine the site of the hemorrhage and to facilitate urgent 
decompression (see Fig. 10-24). Medical treatment involves 
the use of:

• mannitol 20%, 2 g/kg IV over 5 minutes.
• dexamethasone, 8 mg IV.
• acetazolamide, 500 mg IV and then 1000 mg orally over 

24 hours.
• surgical decompression, which remains the most certain 

option.

If visual acuity is deteriorating rapidly, a four-wall decom-
pression under local anesthesia is required to prevent a per-
manent loss of vision. It is probably easier in the non-operated 
patient to decompress initially through a medial blepharo-
plasty rather than the usually recommended lateral canthot-
omy (see Fig. 10-5).

TRAUMATIC OPTIC NERVE LESIONS

The optic nerve may be damaged at the junction of the eye, 
within the orbit, or within the optic canal. This is a common 
long-term cause of decreased visual acuity after an orbital 
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assess for bony injuries. High-resolution axial spiral CT with 
coronal reconstruction is the gold standard to detect midface 
and skull base fractures. Plain radiographs are usually of little 
value in detecting the bony lesions responsible for visual 
pathway damage. Ultrasonography is a valid method, espe-
cially for detection of retrobulbar hematoma, but is of limited 
value for optic nerve injuries.

Therapy for TONL
In the treatment of TONLs, there are basically four options 
with research support:

• wait and see
• conservative treatment
• surgical treatment
• combined conservative and surgical treatment

The diagnosis of TONL is important. Orbital injuries asso-
ciated with severe midface or skull base fractures should be 
investigated on a routine basis. If there is no evidence of a 
TONL in an unconscious patient, a wait-and-see policy is 
acceptable. It is the delay to onset of treatment that limits the 
prognosis for a successful visual pathway treatment.

Glucocorticoids dominate the conservative treatment. 
Their therapeutic effect is related to their antiedematous, anti-
inflammatory, and antioxidative effects. They prevent vaso-
spasm, which in turn helps prevent neuronal death. They 
inhibit gliofibrillary scarring of the traumatized optic nerve.

There has been one study advocating the use of high-dose 
steroids; it was undertaken in the United States in 1994. 
Treatment with methylprednisolone must be started not later 

In these cases, 3-D CT reconstructions are of no additional 
diagnostic value and might be misleading because of the 
window threshold normally used and the thinness of the 
bony structures in the area. MRI is better than CT at showing 
optic nerve edema or hematoma, but CT is still preferred to 

FIGURE 10-46  Electrophysiological testing. A, Patient with goggles. B, Electrical setup. C. Goggles. 
D, Printout, ERG, electroretinogram; VEP, visual evoked potential. 
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FIGURE 10-47  Traumatic  optic  avulsion  with  immediate  loss  of 
vision and decreased intraocular pressure. 
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FIGURE 10-48  Computed tomographic scan (A) with electrophysiological printouts (B and C) dis-
playing neurotmetic injury to the optic nerve. 

A

B
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than 8 hours after the trauma, with an initial IV bolus of 
30 mg/kg bodyweight, followed by 5.4 mg/kg bodyweight 
over the next 48 hours. This protocol originated from the 
National Acute Spinal Cord Injury Study (NASCIS). The 
rationale for the methylprednisolone megadose is the reduc-
tion it produces in free radicals, the decrease in secondary 
posttraumatic lesions due to impaired lipid peroxidation, and 
the improved perfusion of the central nervous system. With 
this dose of steroid, blood glucose levels need to be monitored 
and antacid therapy commenced prophylactically. Treatment 
with acetazolamide and mannitol infusion has been described, 
although there is still no evidence for the value of this therapy.

Joseph’s team correlated the severity of the external trauma, 
the location and extent of the fracture, and TONL with the 
amount of brain contusion, swelling, hematoma, and intra-
cranial bleeding.58 In combination with neuro-ophthalmologic 
findings, they undertook a prospective study, but despite early 
promise, they were unable to define the need for early optic 
nerve decompression. They concluded that optic nerve 
decompression must be a case-oriented decision, based on 
the clinical and CT findings.

Clinical findings have been correlated with individual 
fractures and show that the prognosis for the afferent disorder 
of the visual pathway depends on whether the optic canal is 
involved.

A retrobulbar hematoma needs to be differentiated from 
a bone-related TONL. If posttraumatic globe protrusion  
is present together with an ipsilateral afferent disorder of  
the visual pathway, the intraorbital pressure within the 
orbital compartment has to be released by opening the 
orbital septum. This should be done in conjunction with 
medical treatment and an urgent CT scan. If there is any 
delay in obtaining a CT, treatment should be started. 
Decompression depends on the site of the bleed. In our 
experience, this is usually medial, and a medial bleph-
aroplasty approach is preferred. This is easily performed 
with local anesthesia and sedation in the emergency depart-
ment. The only contraindication for this emergency opera-
tion is a pulsating exophthalmos, which may be caused by 
a caroticocavernous sinus fistula. In this rare case, pre-
therapeutic imaging is performed, including angiographic 
investigations.

The controversy with regard to surgical treatment of 
TONL relates to the extent of surgery, the surgical approach, 
and its timing. The aim of surgical therapy is to mechanically 
release the nerve along the optic tract but especially in the 
optic canal area, where bone fragments might impinge on the 
nerve or where relative narrowing of the canal (from hema-
toma or edema) might be present. If there is evidence of 
TONL, an urgent decompression procedure is considered to 
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Deep bruising gives rise to a demarcation line resembling the 
eye of a panda, with blood constrained behind the septum, 
and this type of bruising usually follows an orbital fracture. 
A subconjunctival hemorrhage with a posterior limit is 
usually caused by direct ocular injury, whereas a subconjunc-
tival hemorrhage with no posterior limit is a common sequela 
to an orbital fracture (Fig. 10-50). Swelling of the eyelids is 
very common and is exacerbated if a patient with an orbital 
fracture blows her nose, leading to the clinical sign of crepi-
tus. Massive swelling can be a sign of a retrobulbar hemor-
rhage or orbital vein obstruction.

Lacerations need special care, particularly those affecting 
the medial eyelids that have the potential for injury to the 
nasolacrimal apparatus and canthal area (Fig. 10-51). These 
lacerations should be examined under magnification and 
with good lighting. The canthal area should be assessed. Lid 
margins must be accurately realigned. The layers of the eyelid 
should be identified and repaired with 5-0 or 6-0 resorbable 
sutures in the deep layers, ensuring proper apposition of the 
orbicularis oculi, and fine monofilament sutures in the skin 
of the eyelid. Tears of the medial canthus should be identified 
and primarily repaired with non-resorbable sutures. The 
nasolacrimal apparatus, if injured, should be repaired over 
appropriate stents.

CORNEAL ABRASION

Corneal injury causes severe pain, blurring of vision, photo-
phobia, and lacrimation. Damage to the corneal epithelium 
may be caused by direct injury or may result from inadequate 
eyelid closure due to facial palsy or loss of eyelid tissue. 
Alcohol-based skin preparations must never be used on the 
eyelids before surgery, because they can cause corneal epithe-
lial loss. Incomplete eyelid closure during surgery is another 
hazard to be avoided. Fluorescein staining of the cornea iden-
tifies the pathology (green). Antibiotic ointment is instilled 
as prophylaxis against secondary infection.

CORNEAL fOREIGN BODY

Superficial corneal foreign bodies can be lifted off with  
the pointed end of a hypodermic needle, preferably under 

relieve the optic nerve in its canal. The dura over the optic 
nerve or chiasma is not incised.

Surgical approaches vary, and all have some advantages. 
Besides the transethmoidal approach, transcranial, sublabial, 
transsphenoidal, and endonasal microsurgical approaches are 
now possible to reach the area of interest. The method chosen 
depends on previous surgical experience.

TONL in Craniofacial Reconstruction
There is a danger of visual loss with any orbital procedure, in 
both primary and secondary orbital reconstruction, and 
patients should be warned about it. The risk can be reduced 
by the use of computer-assisted surgery (Fig. 10-49). Modern 
navigation systems allow for precise preoperative planning 
and intraoperative control of any contour changes; all changes 
close to the optic canal can be directly controlled. This is 
important in defining the most posterior position of bone 
transplants or alloplastic grafts to augment the orbit.20,22,39,59 
During the operation, three infrared cameras are used to 
detect the position of preset markers by means of integrated 
light-emitting diodes (LEDs), and changes in the patient’s 
position are monitored with LEDs attached to a Mayfield 
clamp.

Changes in pupillary diameter or shape are not uncom-
mon during complex orbital reconstructions. Obviously, 
optic nerve injury needs to be ruled out. Because the patient 
is under general anesthesia, the function of the visual pathway 
cannot be judged clinically. Flash ERG and VEP can be used 
intraoperatively to assess vision and to confirm lack of com-
pression of the optic nerve by the grafting procedure.

EYELID INJURY

The most common eyelid injury is a bruise. The pattern of 
bruising depends on whether the leakage of blood is superfi-
cial or deep. Superficial bruising extends down onto the face. 

FIGURE 10-49  Three-dimensional  spiral  computed  tomographic 
preoperative  reconstruction  with  probe  identifying  the  surgical  area 
under investigation (compare Fig. 10-34).  FIGURE 10-50  Bruising and subconjunctival hemorrhage. 
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sclera has been described. Distortional injury can also cause 
tearing of the choroid, which is associated with subretinal 
hemorrhage, and in very severe cases, avulsion of the optic 
nerve.

The concussional component of the injury can damage the 
cornea, lens, retina, choroid, and optic nerve, all of which are 
susceptible to transient or permanent damage. These injuries 
are best assessed by an ophthalmologist.

Conjunctiva
Swelling of the conjunctiva is commonly associated with sub-
conjunctival hemorrhage and resolves spontaneously.

Cornea
The cornea is made up of five layers: the epithelium and its 
basement membrane, the stroma, and the endothelium with 
its basement membrane. Damage to the epithelium results in 
an erosion, which requires the topical application of a long-
acting anesthetic and a topical antibiotic.

Stromal and endothelial damage causes corneal edema. 
This occurs because the pumping action of the endothelium, 
which retains the cornea’s transparency, ceases to function 
after the injury. In most cases, corneal edema clears 
spontaneously.

Anterior Chamber, Iris, and Anterior  
Chamber Angle
Ripping of the iris from its root is a common sequela to blunt 
injury. Tearing of fine vessels in the iridocorneal angle results 
in bleeding in the anterior chamber and hyphema (Fig. 
10-52). The hyphema is managed conservatively in most 
cases. Spontaneous rebleeding into the eye is rare but is more 
likely to occur in those patients who are given aspirin, which 
is contraindicated in ocular hemorrhage. Severe hemorrhage 
can impair the drainage of aqueous humor, which leads to a 
raised intraocular pressure. A hemorrhage in the anterior 
chamber may be complicated by blood staining of the cornea.

Traumatic iritis is common. An injury to the iris causes 
the release of protein and inflammatory cells into the anterior 
chamber. These are seen on slit-lamp microscopy. Treatment 
is with topical steroids to diminish the inflammation and with 
pupil dilatation (cyclopentolate), to decrease the probability 

binocular magnification, using one drop of topical local  
anesthetic. A short-acting cycloplegic agent such as cyclopen-
tolate 1% (which diminishes pain from ciliary spasm) and a 
topical antibiotic are instilled. Topical diclofenac has been 
shown to afford good pain relief.

BLUNT EYE INJURIES

Closed injury causes damage from both distortion and con-
cussion of the globe (during the brief duration of the injury). 
Both types of injury can be seen. A high-speed blow to the 
eye causes marked globe distortion. The eye is compressed, 
resulting in anteroposterior shortening and coronal disten-
tion. Because the cornea and sclera are unable to distend, the 
iris, ciliary body, zonule of the lens, and peripheral retina may 
be torn from their insertions. In severe cases, rupture of the 

FIGURE 10-51  Nasolacrimal laceration. A, Laceration with prob-
able nasolacrimal injury (arrow indicates the punctum). B, Exploration 
of canalicular system with fine nylon sutures. 

A

B

FIGURE 10-52  Anterior chamber hemorrhage with hyphema. 
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Ciliary Body
The ciliary body performs two principal functions: produc-
tion of aqueous humor and accommodation of the lens. 
Damage to the ciliary body can lead to reduction in aqueous 
humor formation and a reduced intraocular pressure.

Impaired accommodation is common after blunt eye 
injury. Patients complain of blurring of vision and eye strain, 
particularly when reading. Reading matter held in front of 
the affected eye cannot be seen in focus as close as by the 
unaffected eye, and in some cases, reading glasses that give 
balance to the focusing system are required.

Tearing of the ciliary body from its root is rare and is called 
traumatic cyclodialysis. A persistent, very low intraocular 
pressure results and may necessitate surgical repair of the 
injury.

Retina
The distortional effects of blunt injury can lead to tearing of 
the peripheral retina (known as retinal dialysis) or peripheral 
retinal hole formation. The vitreous gel adheres firmly to the 
peripheral retina. The acute coronal distention of the injury 
distorts the vitreous, which can pull and tear the peripheral 
retina. Most cases of retinal dialysis occur secondary to 
trauma. Water from within the vitreous can pass through the 
tear and lift off the retina, resulting in progressive retinal 
detachment (Fig. 10-54). Patients who are short-sighted or 
who have conditions predisposing to retinal detachment (e.g., 
myopia, Stickler’s syndrome, Marfan syndrome) are at a sig-
nificant risk. Approximately 10% of traumatic retinal detach-
ments occur at the time of the injury, 70% within 2 years, and 
20% more than 2 years after injury. If the tear passes through 
a retinal vessel, bleeding into the vitreous can take place. This 
gives rise to the sensation of seeing “floaters” in the visual 
field. Blunt injury to the globe can also cause damage to the 
vitreous humor, which can collapse; this leads to the forma-
tion of strands in the vitreous, which can also give rise to 
floaters.

of the iris’ sticking to the lens (posterior synechiae). Deepen-
ing of the anterior chamber suggests that the lens may have 
been subluxated or may even have become dislocated.

Iridodialysis (tear in the iris) results when the iris is ripped 
from its root (Fig. 10-53). Traumatic mydriasis is common. 
The dilated pupil does not react directly or consensually. In 
severe cases, pupil sphincter ruptures can be seen on the slit 
lamp, and this results in permanent wide dilatation of the 
pupil. More commonly, the result is a moderately dilated 
pupil, and spontaneous recovery can take place.

Angle recession occurs when the iris is partially stripped 
from its root without being torn completely. Rarely, severe 
injuries can lead to 360-degree recession. The iridocorneal 
angle contains Schlemm’s canal. The healing response can 
give rise to fibrosis and scarring in this area, diminishing the 
outflow of aqueous humor, and can cause raised intraocular 
pressure, either acutely or many years later. Angle recession 
takes place at the time of injury and can be visualized by 
gonioscopy (slit-lamp examination using a mirror or prism 
system to see into the angle). This pathology can easily be 
missed if detailed slit-lamp eye examination is not carried out 
and can lead to glaucoma in the long term.

Lens
The lens can be damaged in several ways. Subluxation of the 
lens is a common sequela to a severe blunt injury. Macro-
scopically, the principal clinical sign is wobbling of the iris, 
or iridodonesis. Dislocation of the lens into the vitreous is 
less common. Occasionally, the lens is dislocated into the 
anterior chamber. This is an acute ophthalmic emergency and 
is more common in people with underlying spontaneous lens 
subluxation, such as those with Marfan syndrome. Such lens 
injuries cause changes in refraction, both because the lens is 
moved and because it does not accommodate for near vision 
so well. Traumatic cataract can be the result of severe concus-
sional injury. In cases of severe injury, the pupil margin 
impacts the anterior surface of the lens, leaving a permanent 
pigmented ring.

Rarely, rupture of the lens capsule can take place. Aqueous 
fluid then enters the lens and causes opacification or cataract 
formation, for which the only effective treatment is cataract 
surgery after the acute effects of the injury (e.g., traumatic 
iritis) have resolved.

FIGURE 10-53  Iridodialysis.  FIGURE 10-54  Retinal detachment. 
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Choroidal effusion looks very similar to retinal detach-
ment. However, there are no holes in the retina, and the 
appearance is more ballooned in nature. Severe hypotonia 
(which may be caused by cyclodialysis) is the principal 
underlying cause.

Injury to the Sclera
Injury to the sclera is most common in the superonasal quad-
rant and is present in 18% of scleral tears associated with an 
orbital fracture. If an eye has a very low intraocular pressure, 
rupture of the sclera posteriorly may be present, and imaging 
studies are required to diagnose this injury.

If a scleral rupture is not repaired, persistent hypotonia  
or ingrowth of fibrous tissue can develop. Surgical explora-
tion is indicated in most cases of persistent hypotonia for 
which there is no clear explanation. Repair of the scleral 
rupture is usually accompanied by restoration of intraocular 
pressure and prevents the complication of fibrous ingrowth. 
In addition, sympathetic ophthalmia, in which inflammation 
of the other eye occurs, can rarely complicate scleral  
rupture.

PERfORATING EYE INJURIES

Orbital and facial fractures may rarely be accompanied by 
perforating eye injury, particularly after road traffic accidents. 
The presence of multiple facial lacerations increases the index 
of suspicion of an underlying perforating eye injury.

Visual function is determined, if possible. The eyes are 
examined by gentle retraction of the eyelids without direct 
pressure on the bottom of the eye. There may be an obvious 
perforation or some irregularity of the pupil, opacification of 
the anterior chamber due to intraocular hemorrhage, or a 
shallow anterior chamber. Prolapse of the iris, ciliary body, or 
vitreous may be observed. Loss of vision secondary to a 

Treatment of retinal detachment is complex and not 
always successful. Therefore, it is important to prevent retinal 
detachment by identifying and treating dialysis and retinal 
holes with photocoagulation or cryotherapy or both. Exuda-
tive retinal detachment can occur as a rare sequela to blunt 
eye trauma. In such cases, spontaneous flattening of the 
retina takes place, but the prognosis for recovery of vision 
is poor.

Traumatic retinal edema is also known as commotio retinae 
or Berlin’s edema (Fig. 10-55). Whitening of the retina is seen. 
If the edema takes place at the posterior pole, blurring of 
vision occurs. Peripheral edema, which causes peripheral 
visual field impairment, may not be symptomatic and may be 
missed. Most patients report rapid improvement in vision 
during the first 40 minutes after injury. In some cases of 
severe injury, improvement does not take place, and fluores-
cein angiography reveals breakdown in function of the 
pigment epithelium in the retina. Permanent visual impair-
ment can ensue, and such pathology may be accompanied by 
the development of a traumatic retinal hole or pigmentary 
changes in the retina, known as traumatic pigmentary reti-
nopathy. This clinical pattern is very similar to that of retinitis 
pigmentosa.

Choroidal Tears
Choroidal tears due to blunt injury characteristically occur 
circumferential to the optic disc (Fig. 10-56). Initially, exten-
sive subretinal hemorrhage is seen, but as the hemorrhage 
resolves, the tear becomes apparent. If the tear passes through 
the fovea, central vision is lost; the prognosis is much better 
for tears that do not affect the fovea. Occasionally, the healing 
response can include the development of new blood vessels, 
which can grow under the macula and cause secondary  
visual loss.

FIGURE 10-55  Traumatic  retinal  edema  or  commotio  retinae 
(Berlin’s edema). 

FIGURE 10-56  Choroidal tear with choroidal effusion. 
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pressure is raised. Loss of vision may ensue without 
treatment.

Papilledema
Swelling of the optic nerve head due to raised intracranial 
pressure may be observed. In the acute phase, swelling does 
not take place, but the absence of spontaneous venous pulsa-
tion and failure of the retinal veins to collapse when pressure 
is applied the upper eyelid during ophthalmoscopy is a useful 
clinical sign.

facial Palsy
Incomplete eyelid closure as a sequela to traumatic facial 
palsy can give rise to corneal ulceration and infection. Patients 
who do not manifest Bell’s phenomenon (in which the eye 
rolls up when the eyelids are closed) are particularly at risk. 
Eye ointment is required to prevent drying of the cornea. 
Tarsorrhaphy or injection of the levator palpebrae superioris 
with botulinum toxin to produce eyelid closure may be 
required if ulceration has developed.

CONCLUSION

The management of orbital injuries is a challenging area. It 
requires an ability to collaborate with others and to under-
stand the surgical anatomy, pathophysiology, and potential 
complications. A thorough assessment (Fig. 10-59), full 
investigations, satisfactory exposure, anatomical reconstruc-
tion with appropriate material, and audit of results will 
improve the lot of these patients.
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vitreal hemorrhage may be the only clinical sign of the injury 
(Fig. 10-57).

Perforation of the globe by a small, fast, flying missile 
necessitates appropriate radiological examination. Immediate 
transfer to the care of an ophthalmologist is indicated. A pad 
is applied to the eye, and pressure to the globe is avoided. 
Primary surgical repair is carried out within 24 hours. If 
surgical treatment is delayed, prophylactic intravenous broad-
spectrum antibiotic treatment is indicated.

INDIRECT OPHTHALMIC SEQUELAE TO INJURY

Traumatic Retinal Angiopathy (Purtscher’s 
Retinopathy)
In traumatic retinal angiopathy, multiple cotton-wool spots 
are observed at the posterior pole of the eye (Fig. 10-58). A 
sudden increase in intravenous pressure due to severe head 
or chest injury is thought to give rise to a reactive precapillary 
arteriolar spasm in the retina, which causes multiple small 
retinal infarcts. A similar appearance is observed in patients 
who sustain long bone fractures with secondary fat emboli. 
Impairment or loss of central vision ensues in one or both 
eyes. There is no specific treatment, but spontaneous resolu-
tion with return of normal visual function takes place in most 
cases.59

Caroticocavernous Sinus fistula and  
Arteriovenous Anastomosis
The formation of a fistula between the arterial and venous 
systems may occur a few days after a severe skull injury (see 
Fig. 10-44). The ophthalmic features include pulsating exoph-
thalmos, ophthalmoplegia, chemosis, and markedly dilated 
blood vessels on the conjunctivae and eyelids. The intraocular 

FIGURE 10-57  Vitreal hemorrhage secondary to a perforating eye 
injury. 

FIGURE 10-58  Traumatic retinal angiopathy. 
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FIGURE 10-59  Measurements. A, Left orbital injury, enophthalmos, hypoglobus. B, Hertel exophthalmometer, unsuitable to use 
because  of  lateral  wall  dystopia.  C,  Assessing  enophthalmos.  D,  Pseudocorrection  of  orbital  dystopia  by  rotating  head  allows 
measurement of the hypoglobus (see Figs. 10-36 and 10-37). E. Measurement of canthal area. f, Facial measurements using the 
McCoy facial square. 

Continued
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Name:       

Injury:  

Drugs: alcohol / other 

How:  assault / road traffic accident / fall / sport / industrial / firearm / other 

Others involved: 

Amnesia Retrograde / Antegrade / Both 

Right eye
6/6, 6/12, 6/36, NPL

Visual acuity:

Pupil size:
right pinpoint, 3mm, 5mm, >8mm
left pinpoint, 3mm, 5mm, >8mm
right direct / indirect
left direct / indirect

Reaction to light:

Right eye: normal / limited / globe retraction
Left eye: normal / limited / globe retraction
Diplopia yes / no
Specify:

Eye movements:

proptosis / enophthalmos
hypoglobus / hyperglobus
lateral dystopia / medial dystopia

NormalRight eye:

proptosis / enophthalmos
hypoglobus / hyperglobus
lateral dystopia/medial dystopia

NormalLeft eye:

Right____Left____medial____mmIntercanthal distance:
Intercanthal level:
Intercanthal distance:
Intercanthal level:

Canthal area:
asymmetric____mmmedial Right 5 Left
Right____Left____lateral____mm
asymmetric____mmlateral Right 5 Left

level / mongoloid / anti-mongoloid

Palpebral fissure:  ____Height: Right: ____Right:Width:
 ____Left: ____Left:

Facial nerve function:  ____SpecifyweakRight normal
 ____SpecifyweaknormalLeft

Left
Right complete, incomplete, Bell’s phenomenon Y / NEye closure:

complete, incomplete, Bell’s phenomenon Y / N

 ____Mouth opening mmJaw movement:
 ____R (lateral)
 ____L (lateral)

Left eye
6/6, 6/12, 6/36, NPL  

Symmetrical /asymmetrical,
Size: 

Date: Time: Location: 

DOB:           Age:    Sex: M/F 

G

G, Orbitofacial evaluation form. FIGURE 10-59, cont’d
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APPENDIX 1: EYE SCORING SYSTEM (BAD ACT) AND REfERRAL TO OPHTHALMOLOGIST

Total Score Amnesia
0 4 Do not refer Yes 5 (retrograde or antegrade)
5 11 Routine referral No 0

11 14 URGENT referral
Visual Acuity Female
6/12 4 Yes 1
6/24 8 No 0
6/36 12
NPL 16
Fracture Type Age
Comminuted 3 >35 1
Blowout 3
Other 0
Diplopia RTA
Yes 3 Yes 1
No 0 No 0

Total ____

BAD ACT: Blowout, Acuity, Diplopia, Amnesia, Comminuted Trauma.
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APPENDIX 2: CLINICAL HISTORY AND EXAMINATION

Name: DOB: Age: Sex: M/F
Injury: Date: Time: Location:
Drugs: alcohol / other
How: assault / road traffic accident / fall / sport / industrial / firearm / other
Others involved:
Amnesia: retrograde / antegrade / both
Visual acuity: Right eye Left eye

6/6, 6/12, 6/36, NPL 6/6, 6/12, 6/36, NPL
Pupil size: Symmetrical / asymmetrical

Size: right pinpoint, 3 mm, 5 mm, 8 mm
left pinpoint, 3 mm, 5 mm, 8 mm

Reaction to light: right direct / indirect
left direct / indirect

Eye movements: Right eye: normal / limited / globe retraction
Left eye: normal / limited / globe retraction
Diplopia: yes / no
Specify:

Right eye: Normal proptosis / enophthalmos
hypoglobus / hyperglobus
lateral dystopia / medial dystopia

Left eye: Normal proptosis / enophthalmos
hypoglobus / hyperglobus
lateral dystopia/medial dystopia

Canthal area: Intercanthal distance: medial____mm Right____Left____
Intercanthal level: medial Right Left asymmetric____mm
Intercanthal distance: lateral____mm Right____Left____
Intercanthal level: lateral Right Left asymmetric____mm

level / mongoloid / anti-mongoloid
Palpebral fissure: Width: Right:____ Left:____

Height: Right:____ Left:____
Facial nerve function: Right normal / weak Specify____

Left normal / weak Specify____
Eye closure: Right complete, incomplete, Bell’s phenomenon Y / N

Left complete, incomplete, Bell’s phenomenon Y / N
Jaw movement: Mouth opening mm ____

R (lateral) ____
L (lateral) ____
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Craniofacial and Frontal Sinus Fractures

C HA P T E R 

Nicholas J. Baker, Barrie T. Evans, Dorothy A. Lang

The treatment of fractures of the frontal sinus has 
become less contentious as the contemporary princi-
ples of modern maxillofacial trauma management 

have become more widely adopted. The key rationale to treat 
fractures of the frontal sinus has always been to produce a 
“safe” sinus and reduce the long-term risks of complications. 
Early treatment was based on experience from the manage-
ment of infective frontal sinus disease extrapolated to equate 
with the frontal sinus involved in trauma. The difficulty has 
been in predicting exactly which patients are at risk for these 
complications. Progress has been hampered by studies of 
small numbers of patients in retrospective reviews. Compli-
cations may develop many years after the initial trauma, with 
patients often presenting to teams not involved in the initial 
management. We will suggest that management of dural tears 
is the key to a “safe” sinus and has been under emphasized in 
the past.

The aim of this chapter is to provide an overview of cur-
rently accepted principles of management of frontal sinus 
fractures based on the experience of others and our own 
experience of more than 163 consecutive cases of craniofacial 
trauma managed between 1988 and 2008.

HISTORICAL PERSPECTIVES

Traditionally, in view of the perceived risk of infection and 
neurological deterioration, craniofacial injuries have been 
managed in at least two separate stages. These injuries were 
treated as separate entities by neurosurgeons and maxillofa-
cial surgeons often working in isolation. Understanding of 
the aims of other specialties was limited, and the overall man-
agement of these injuries suffered as a result of the frag-
mented nature of the treatment.

Initial treatment usually consisted of urgent craniotomy 
for the evacuation of intracranial clots, elevation of depressed 
bone fragments, and repair of the dura over the convexity of 
the brain. Wounds were débrided, and loose bone fragments 
were discarded. Facial fracture repair was carried out 7 to 14 
days or longer after the initial neurosurgical management. 
Formal exploration and reconstruction of the anterior cranial 
fossa (ACF) was seldom done, basal repair being limited to 
cases of persistent cerebrospinal fluid (CSF) rhinorrhea. Fixa-
tion of facial fractures was usually achieved with closed tech-
niques by means of bone pins, halo frames, and internal 

suspension wires, which were usually attached to the teeth 
with the patient placed into intermaxillary fixation. Direct 
visualization of fracture sites by elevation of the periosteum 
was kept to a minimum for fear of devitalizing bone frag-
ments. Primary bone grafting was rarely, if ever, performed. 
Contour defects of the forehead were treated secondarily, 
often with the use of alloplastic material such as methyl 
methacrylate.

The limitations of traditional frontobasal repair, combined 
with the lack of coordinated treatment, resulted in inadequate 
functional and cosmetic results, particularly in the critical 
frontal nasoethmoidal and orbital regions. Late secondary 
correction of these posttraumatic sequelae was difficult and 
often produced unsatisfactory results.

Management of the frontal sinus was based on historical 
experience in the treatment of acute and chronic frontal 
sinusitis. Initial techniques were based on the Reidel proce-
dure of sinus ablation with excision of the bony walls. This 
approach resulted in severe frontal deformity and was later 
replaced by several modifications intended to exenterate the 
sinus mucosa while preserving the bony anatomy of the sinus. 
All of these techniques carried a significant failure rate. They 
were subsequently replaced by techniques to obliterate the 
sinus by excising the sinus mucosa, plugging the frontonasal 
ducts (FNDs), and obliterating the sinus with autogenous or 
alloplastic materials.

Fractures of the frontal sinus form an integral part of cra-
niofacial fracture management and cannot be considered in 
isolation. This chapter examines the contemporary principles 
of craniofacial fracture management with particular reference 
to management of the frontal sinus.

CLASSIfICATION Of CRANIOfACIAL 
fRACTURES

Fractures of the naso-fronto-orbital region account for 
approximately 5% of facial fractures.1 Fractures involving 
the anterior or posterior wall of the frontal sinus occur  
in 2% to 12% of cranial fractures.2 Combined frontobasilar 
and facial injuries may be isolated to the cranio-orbital  
area, or they may be part of more extensive injuries  
involving the upper, middle, and lower facial regions. Cranio-
facial fractures may be divided into central and lateral  
groups.
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to the situation with central injuries. CSF fistulae are  
therefore more likely to subside spontaneously as a result of 
gravity and brain herniation through the dural laceration 
(Fig. 11-3).

Complex injuries can occur in which a combination of 
central and lateral fracture patterns occurs (Fig. 11-4).

CLINICAL fEATURES

Up to one third of patients with a head injury and a Glasgow 
Coma Scale (GCS) score of 8 or less can be expected to have 
a major injury elsewhere in the body.4 All life-threatening 
conditions must be treated and stabilized before a full assess-
ment of other injuries is undertaken. In addition, patients 
who are unconscious, particularly if they have sustained facial 
injuries, are unable to protect their own airway and should 
be intubated. The nature and severity of the craniofacial inju-
ries are assessed once the patient has been stabilized after 
emergency treatment.

FIGURE 11-1  Axial  computed  tomogram  shows  a  type  I  central 
craniofacial injury with disruption at the level of the cribriform plate. 

FIGURE 11-2  Sagittal computed tomogram shows a type II central 
craniofacial  injury with  fractures  involving  the anterior and posterior 
walls of the frontal sinus. 

FIGURE 11-3  Three-dimensional  computed  tomographic  recon-
struction shows a lateral craniofacial injury with fractures of the frontal 
bone, orbital roof, and zygomatic complex. 

CENTRAL INJURIES

Central injuries are those that involve the skull base adjacent 
to the paranasal sinuses: the frontal, ethmoid, and sphenoid 
sinuses. Central injuries are subdivided into two types 
depending on the location of the fracture.

Type I Cribriform fracture
A type I cribriform fracture is a linear fracture that extends 
through the cribriform plate without involvement of the 
ethmoid or frontal sinuses. These fractures may result from 
relatively low-energy injuries that would not cause fractures 
in stronger areas of the anterior skull base. The dura covers 
this area with the arachnoid layer, and together they form 
tubular sheaths around the branches of the olfactory nerves, 
with the dura being continued into the periosteum of the 
nose and the arachnoid into the neurolemma of the nerve. 
The cribriform plate is thin, is easily fractured, and may be 
difficult to repair, resulting in a high propensity for the devel-
opment of CSF fistulae (Fig. 11-1).

Type II frontoethmoidal fracture
Type II frontoethmoidal fractures involve the medial portion 
of the ACF and directly involve the frontal or the ethmoid 
sinuses or both. As with type I fractures, CSF pools toward 
the midline, and this may prevent brain herniation and seal 
by brain or adjacent tissues3 (Fig. 11-2).

LATERAL INJURIES

Lateral injuries involve the frontal bone and the orbital roof. 
These fractures may lie lateral to the frontal sinus, or they may 
involve the superior or inferior walls of the lateral frontal 
sinus. In this area, the brain is completely invested in dura, 
and the brain lies superior to the fracture site, in contrast  
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After assessment of the level of consciousness, examina-
tion of the head and neck should be undertaken, including 
the cervical spine if the patient is conscious. This should be 
performed in a systematic manner, starting with inspection 
of the scalp and working downward, noting any physical signs 
and palpating all bony margins. The eyes should be examined 
and the visual acuity, pupillary responses, range of eye move-
ment, and presence of diplopia or restricted eye movements 
recorded. Visual fields should be tested to confrontation. The 
intercanthal distance should be recorded, particularly if naso-
ethmoidal injury is suspected. Sensation to light touch and 
pinprick should be tested in all three divisions of the trigemi-
nal nerve. Facial nerve function should be assessed, particu-
larly if a base-of-skull fracture is suspected or in the presence 
of facial lacerations that may involve the peripheral branches 
of the nerve. If the patient is conscious, it is important to 
inquire about loss of smell or hearing; if necessary, these 
should be formally tested. Initial assessment may be difficult 
in the acute situation because of the presence of blood in the 
nasal airway or external meatus.

The external auditory meatus should be inspected for the 
presence of hemotympanum, lacerations, damage to the tym-
panic membrane, and the presence of otorrhea.

Anterior rhinoscopy should be undertaken to examine for 
the presence of CSF rhinorrhea and nasal septal hematoma. 
This area may be difficult to visualize in the presence of blood. 
Clear secretions from the nose can be tested for glucose by 
the glucose oxidase test. This should be used only to confirm 
that the secretion is not CSF, because both nasal and lacrimal 
secretions may contain glucose.7 This test is unreliable and 
has been replaced by immunoelectrophoresis of the secre-
tions for β2 transferrin, which identifies CSF and does not 
produce false-positive results in the presence of nasal or lac-
rimal secretions or blood.8 β2 transferrin is present in CSF but 
absent in tears, saliva, nasal secretions, and serum except 
perhaps in neonates and individuals with deranged liver 
function.

Intraoral examination should be performed to examine for 
bruising, swelling, and mobility of the tooth-bearing seg-
ments. The patient’s occlusion should be checked for evidence 
of derangement.

CLINICAL fINDINGS

Skull vault fractures may manifest with localized scalp swell-
ing and bruising with varying levels of consciousness. A range 
of neurological signs may also be present. The presence of an 
underlying intracranial hemorrhage correlates with the pres-
ence of a skull fracture and with the patient’s level of 
consciousness.9

Fractures involving the ACF may show bilateral circum-
orbital ecchymoses, nasal epistaxis, and CSF rhinorrhea. A 
variety of eye signs may be demonstrated, including visual 
loss, and the patient may complain of loss of smell. Middle 
fossa fractures may demonstrate Battle’s sign (bruising around 
the mastoid process), blood in the external auditory meatus, 
and CSF otorrhea. There may be evidence of hearing loss or 
facial nerve weakness.

In craniofacial fractures, bruising around the eyes is 
common, and there may be evidence of subconjunctival hem-
orrhage. Subconjunctival hemorrhage as a physical sign 
merely demonstrates that bleeding has occurred deep to the 

FIGURE 11-4  Axial computed tomogram shows a combination of 
central and lateral craniofacial fractures. 

The risk of cervical spine injury in the unconscious patient 
with craniofacial injuries must be assumed until the spine can 
be “cleared” radiologically. The cervical spine should be sta-
bilized with a hard cervical collar as part of the management 
of the airway, and the collar must be left in position until the 
cervical spine has been imaged. Radiographs should be taken 
to visualize the cervical spine from a lateral and an antero-
posterior direction and a further film to visualize the odon-
toid peg. All seven cervical vertebrae must be visualized, 
including the cervicothoracic junction. If there is any doubt 
based on the plain radiographs, or if a soft tissue injury is 
suspected, computed tomography (CT) or magnetic reso-
nance imaging (MRI) of the cervical spine (or both) must be 
obtained in the unconscious patient.

CLINICAL EXAMINATION

An initial assessment of the level of consciousness can be 
made using the acronym AVPU: awake, responds to vocal 
commands, responds to pain, or unresponsive. This provides 
a baseline against which more detailed assessment of the level 
of consciousness may subsequently be made.5

Once the patient has been stabilized, a more detailed 
assessment of the level of consciousness is made and a thor-
ough examination of the head and neck is performed. A  
full neurological assessment looking for focal or general  
neurological signs should also be included. The assessment  
of the level of consciousness should be repeated and recorded 
at regular intervals to detect any deterioration in the patient’s 
condition. The GCS provides a means of rapid and repeated 
assessment of the level of consciousness by individual or  
multiple clinicians and direct comparison of clinical  
findings. Any deterioration in the level of consciousness as 
evidenced by the GCS is an indication for an urgent CT  
scan. The GCS has three components: eye opening, best 
verbal response, and best motor response. The score in  
each group is totaled to give a final score of between 3  
and 15. A score of 8 or less indicates that the patient is 
unconscious.6
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persistence of the deformity postoperatively. The intercanthal 
distance should be checked in patients with suspected naso-
ethmoidal and craniofacial injuries. The normal intercanthal 
distance is 25.5 to 37.5 mm in women and 26.5 to 38.7 mm 
in men. Injuries to the medial canthal tendon may also occur 
with lacerations to the area in the absence of underlying 
fracture.

A fracture involving the frontal sinus may be suggested by 
the presence of a laceration in the region of the supraorbital 
ridge, glabella, or lower forehead.13

Traumatic hypertelorism (increased inter-pupillary dis-
tance) may also occur in severe fronto-orbito-nasoethmoidal 
injuries with a true increase in the interorbital distance. 
Failure to appreciate the distinction between traumatic tele-
canthus and hypertelorism leads to inadequate treatment 
with a poor functional and cosmetic result.

RADIOLOGICAL ASSESSMENT

CT scanning has revolutionized the management of cranio-
facial trauma by allowing precise delineation of injuries and 
exact preoperative planning before intervention. Assessment 
of both skeletal and soft tissue elements is possible with the 
use of appropriate bone and soft tissue windows. Scanning is 
performed in both the axial and coronal planes to allow visu-
alization of all anatomical structures. The coronal views are 
essential for assessment of the orbital and frontal sinus roof 
and floor and for detailed assessment of the cribriform plate, 
the roofs of the ethmoid sinuses, the jugum sphenoidale, and 
the optic canals (Fig. 11-5). All other fractures are usually 
demonstrated on the axial views. One-millimeter slices are 
required to allow adequate evaluation of the skull base and 
orbits. Three-dimensional (3-D) CT reconstruction often 
adds little in the way of practical information in the assess-
ment of patients with craniofacial trauma but may be of 
benefit in selected complex cases14 (Fig. 11-6).

INDICATIONS fOR COMPUTED TOMOGRAPHY

CT scanning should be performed in all patients with sus-
pected craniofacial injuries. In addition, a CT scan must also 
be obtained under any of the following circumstances:

orbital periosteum. Visual loss may occur as a result of the 
intracerebral insult or from direct trauma to the optic nerve 
itself, usually within the optic canal. Fractures extending into 
the orbital apex are rare because this area is the strongest part 
of the orbital skeleton. Fractures of the optic canal may occur, 
particularly with severe, high-energy injuries.10 Orbital frac-
tures involving the superior orbital fissure may also occur and 
give rise to a range of physical signs depending on the indi-
vidual nerves involved (superior orbital fissure syndrome).11 
The oculomotor, trochlear, and ophthalmic divisions of the 
trigeminal and abducens nerves all pass through the superior 
orbital fissure and may produce limitation of eye movement, 
pupillary dilatation (mydriasis), and sensory disturbances in 
the frontal region (the supraorbital and supratrochlear 
branches of the ophthalmic division of the trigeminal nerve). 
The superior orbital fissure syndrome secondary to trauma is 
also a rare occurrence.

Pupillary mydriasis may be an indication of rising intra-
cranial pressure as a result of its effect on the oculomotor 
nerve as it passes forward from the posterior aspect of the 
brainstem on its intracranial course. This occurs as a result of 
transtentorial herniation and is always secondary to a fall in 
the GCS.12 The oculomotor nerve contains parasympathetic 
fibers to the iris of the eye and is responsible for pupillary 
constriction (miosis). Direct damage to the oculomotor nerve 
may occur either intracranially or extracranially to produce 
an isolated third nerve palsy. The eye takes an abducted and 
depressed position with an associated mydriasis and upper 
eyelid ptosis. The direct pupillary reflex is absent, but is the 
consensual pupillary reflex are present if the ipsilateral optic 
nerve and the contralateral oculomotor nerve are both func-
tioning normally. This is in contrast to an isolated optic nerve 
lesion, in which the ipsilateral direct and contralateral con-
sensual pupillary reflexes are both absent.

Damage to the abducens and trochlear cranial nerves 
occurs less frequently. An isolated abducens nerve palsy pro-
duces an inability to abduct the eye, and an isolated trochlear 
nerve palsy produces an inability to abduct the eye in down-
ward gaze. In all cases of damage to the third, fourth, and 
sixth cranial nerves, diplopia is present when the range of eye 
movements is assessed. With any suspected orbital or globe 
injury, an ophthalmic opinion must be sought. If eye signs are 
present, particularly restricted eye movements or diplopia, an 
orthoptic assessment should be performed, including a Hess 
chart.

The eyes should be assessed for the presence of enophthal-
mos. Assessment of enophthalmos in the acute situation may 
be difficult if its presence is masked by swelling of the peri-
orbital tissues. Enophthalmos may occur with either orbital 
floor or medial wall blowout fractures if there is also rupture 
of the periorbita. Disruption of the medial orbital walls is 
invariably present in severe nasoethmoidal injuries and is 
therefore often present in craniofacial injuries.

Disruption of the attachments of the medial canthal 
tendons may also occur with nasoethmoidal injuries. The 
medial canthal tendon has an anterior limb that attaches to 
the anterior lacrimal crest and a posterior limb that lies pos-
terior to the lacrimal sac. Disruption of the anterior limb of 
the tendon alone does not produce telecanthus (increase  
in the intercanthal distance). Telecanthus is a sign of disrup-
tion of both anterior and posterior limbs of the tendon and 
necessitates reattachment of the anterior limb to prevent 

FIGURE 11-5  Coronal  computed  tomogram  demonstrates  an 
increase  in  left  orbital  volume  secondary  to disruption of  the orbital 
roof and floor and the zygomatic complex. 
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Tessier in 1967 and adopted to apply to craniofacial trauma 
by Merville in 1978.15 This was the first approach that 
addressed combined injuries in a definitive, single-stage 
repair. A frontal bone flap is raised to allow inspection of the 
dura, both convexity and basal, and its repair. The frontal 
sinus is cranialized, and the fronto-orbital and facial injuries 
are treated during the same anesthesia.15

The aims of treatment for craniofacial injuries are  
twofold: (1) the restoration of satisfactory form and function 
and (2) the prevention of early and late complications, and in 
particular, infective sequelae.

RESTORATION Of SATISfACTORY fORM  
AND fUNCTION

The key to achieving accurate 3-D reconstruction in  
combined skull base and facial injuries is complete simul-
taneous exposure of the cranial vault, skull base, and facial 
fractures.

Accurate 3-D reconstruction of the frontal bandeau and 
orbital roofs is a prerequisite to satisfactory orbitofacial 
reconstruction. This may be achieved by reproducing  
the precise premorbid projection and convex curvature of the 
supraorbital rims. Laterally, the temporal buttresses of the 
frontal bone determine the projection and width of the upper 
midface. The position of the glabella in the midline deter-
mines the projection of the nasoethmoidal complex and may 
necessitate primary bone grafting in comminuted injuries or 
when bone is lost (Fig. 11-7).

The convexity of the orbital roof in the anteroposterior and 
lateral planes must be reproduced to prevent globe displace-
ment and disturbed ocular motility. Inaccurate reconstruc-
tion of the superior orbital rim and orbital roof resulting in 
inferior globe displacement is one of the most difficult post-
traumatic deformities to correct satisfactorily. The premorbid 
ocular position can be reestablished by wide exposure and 
accurate reduction of the zygomatic arch and lateral orbital 
rim. The inner orbital skeleton can be reconstructed second-
arily to the lateral position.16,17

• Basal skull fracture
• GCS <8
• Confusion persisting after resuscitation
• Deteriorating level of consciousness or progressive focal 

neurological deficit
• Seizure
• Neurological symptoms or signs including headache or 

vomiting
• CSF rhinorrhea or otorrhea

CT scanning is essential to precisely delineate the site and 
extent of injury associated with the frontal sinus. CT scanning 
may be used to assess injury to the ostia or ducts of the  
sinus. Fine-cut axial views will demonstrate disruption of the 
anterior and posterior walls of the sinus. Coronal views  
are necessary for adequate examination of the horizontal 
aspect of the frontal sinuses, the cribriform plates, the roofs 
of the ethmoid sinuses, and the orbits. It has been suggested 
that the level of fracture and degree of disruption of the base 
of the sinus predict the probability of ductal obstruction.13 We 
would question this. Our view is that it is not possible to 
predict with any degree of accuracy whether a sinus will 
continue to function after injury, based on imaging appear-
ance alone.

Plain skull radiographs do not add to the information 
gained from CT scanning and are unnecessary in patients 
who are already undergoing CT.

Plain radiographs of the midface may give an extra overall 
dimension to information gained from the CT scan. It can be 
difficult to obtain satisfactory views in the unconscious 
patient, but plain films are of particular benefit in assessing 
facial symmetry after internal fixation of fractures.

If mandibular injury is suspected, the mandible may be 
imaged on plain films or as part of the overall CT scan.

RATIONALE fOR THE TREATMENT Of 
CRANIOfACIAL fRACTURES

Current management of craniofacial trauma is based on the 
principles of pediatric craniofacial surgery pioneered by Paul 

FIGURE 11-6  Three-dimensional  computed  tomographic  recon-
struction  demonstrates  complex  frontal,  nasoethmoidal,  orbital  floor, 
and midface injuries.  FIGURE 11-7  Precise appreciation of premorbid anatomy is essen-

tial in craniofacial trauma management to allow accurate reconstruc-
tion and prevention of posttraumatic deformity. 
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were linked to a high long-term risk of developing posttrau-
matic meningitis:

• Proximity to the midline, particularly central type I crib-
riform fractures

• Large fracture displacement (≥1 cm)
• Prolonged rhinorrhea (≥8 days)

The effects were shown to be cumulative, and fracture pat-
terns exhibiting a combination of these features carried par-
ticular risk.3

Our group has refined Sakas’ criteria to determine the 
indications for combined craniofacial repair.16 A combination 
of clinical and CT criteria are employed as follows:

1. Central injuries that show clinical or radiological evidence 
of displaced fractures of the posterior wall of the frontal 
sinus, the cribriform plate, or the roof of the ethmoid sinus 
(or some combination of these) with or without a CSF leak. 
The fractures are considered to be displaced if the degree 
of disruption is equal to or greater than the width of the 
lamella of bone forming the posterior wall of the frontal 
sinus, cribriform plate, and roof of the ethmoid sinus. 
These fractures are considered to be internally compound 
fractures because the intracranial contents are in contact 
with the nasal cavity or the paranasal sinuses or both.

2. Lateral injuries with displaced fractures producing contour 
deformity, globe displacement, or ocular motility 
disturbance.

3. Extensive bone loss in the supraorbital rim or orbital roof 
resulting from the injury or the débridement procedure.

4. Growing skull fractures in association with the orbital roof 
or frontal sinuses. This is a rare complication that occurs 
in 0.6% of linear skull fractures in pediatric patients. The 
fracture is associated with a dural laceration with arach-
noid herniating into the dural tear, which prevents primary 
dural healing and results in progressive enlargement and 
eversion of the fracture line. Ninety percent of these frac-
tures occur in children younger than 3 years of age. These 
fractures may result in significant functional and cosmetic 
disturbances.

We have reviewed 163 consecutive cases of craniofacial 
trauma managed jointly in the Maxillofacial Unit, Southamp-
ton University NHS Trust, Southampton, UK, over the 
20-year period from 1988 to 2008. The cases were selected for 
treatment based on the previously mentioned criteria. An 
additional 18 cases of penetrating injuries were not included 
in this series.

Considering the predictive value of the CT criteria alone, 
our results demonstrated a dural tear in direct communication 
with the nasal cavity or paranasal sinuses, irrespective of the 
presence of a CSF leak, in 89% of the 163 patients.22 The sensi-
tivity of pure CT criteria in this series is increased to 93% if the 
degree of fracture displacement is greater than the width 
(thickness) of the lamella of bone forming the posterior wall of 
the frontal sinus, roof of the ethmoid sinus, or cribriform plate. 
Only about 30% of the patients had a CSF leak, confirming that 
CSF leakage is a very poor indicator of a basal dural tear.

Further refining of the CT criteria for case selection is 
being considered to bring their sensitivity as a predictor of a 
dural tear as close to 100% as possible. Nevertheless, we 

PREVENTION Of EARLY AND LATE  
INfECTIVE SEQUELAE

Dural tears that communicate with the nasal cavity and para-
nasal sinuses are common in craniofacial fractures; if 
untreated, they may leave the patient at significant risk for 
either meningitis or a cerebral abscess. Importantly, the 
absence of an overt CSF leak does not indicate the absence of 
a dural tear. In the presence of a dural tear, the brain may  
act to plug the hole in the dura and prevent the CSF leak  
(Fig. 11-8).

In 1954, Lewin showed the risk of meningitis to be at least 
25% in patients with CSF rhinorrhea and cranial base frac-
tures communicating with the paranasal sinuses in the 
absence of dural repair.18 In 1990, Eljamel and Foy reported 
on a series of patients with acute traumatic CSF fistulae. They 
found an overall incidence of meningitis of 30.6% before 
dural repair with a 10-year cumulative risk in excess of 
80.5%.19 Surgical repair of the dura reduced the overall risk 
of meningitis from 30.6% before surgery to 4% after surgery; 
the cumulative risk at 10 years was reduced from 80.5% 
before dural repair to 7% after dural repair.20

In 1989, Poole and Briggs published their approach to the 
management of craniofacial trauma based on their experi-
ence of 48 patients over a 7-year period.21 Their indications 
for combined craniofacial repair were:

• radiological evidence of displaced fractures involving the 
posterior wall of the frontal sinus, the cribriform plates, or 
the orbital roofs with or without the presence of CSF 
rhinorrhea.

• displaced fractures of the frontal bone or upper orbital 
skeleton.

• extensive bone loss as a result of the injury or the initial 
débridement procedure.

Sakas et al. outlined the need for surgical intervention in 
patients with or without CSF rhinorrhea based on the results 
of detailed neuroimaging.3 They identified certain factors that 

FIGURE 11-8  Intradural exploration reveals brain plugging a dural 
tear. Although there is no cerebrospinal leak, failure to repair this type 
of injury places the patient at a lifelong risk of infection. 
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the reconstruction may have to commence with the facial 
fractures. The full extent of any bone loss in the cranial vault 
and anterior skull base may then be determined and any 
missing bone replaced with primary autogenous bone grafts.

ADEQUATE EXPOSURE

Management of craniofacial fractures requires complete sub-
periosteal exposure of all fracture sites and complete expo-
sure of the basal dura in relation to the fractures. Although 
endoscopic frontal sinus surgery is well established, there is 
only a limited role for endoscopic surgery in the management 
of frontal sinus trauma. There are few reports in the literature 
describing the use of this technique, and most are anecdotal. 
Access to the frontal sinus via the endoscope requires a sig-
nificant amount of experience with endonasal surgery and is 
technically difficult. Access to the frontal sinus via the trans-
cranial route, via a standard coronal flap or a limited eyebrow 
incision, is straightforward and allows repair of the dura and 
management of the frontal sinus in an effective manner while 
minimizing the risk of missing dural tears.

The standard approach is to combine a coronal flap with 
a low bifrontal craniotomy (Fig. 11-9). Raveh et al. reported 
on a series of 395 patients and advocated an extracranial-
subcranial approach to repair craniofacial fractures and asso-
ciated dural tears.26 This is achieved by incisions confined to 
the hair borders of the eyebrows with no nasal extension. 
Dural repair is performed microsurgically along the ethmoid, 
sellar, and temporal planes via an extracranial approach. The 
naso-fronto-orbital injuries, including the injuries to the 
frontal sinus, are also treated by this approach. In Raveh’s 
series, the surgery was performed within 48 hours after the 
injury and with the aim of avoiding frontal lobe retraction 
and anosmia. Despite a low incidence of postoperative CSF 
fistula and no cases of meningitis, there were five postopera-
tive deaths in this series.

Endoscopic repair of CSF fistulae has been reported with 
the aim of reducing the morbidity of standard approaches.27 
Given the nature of dural tears and their unpredictable 

believe that these CT criteria represent a very significant 
improvement over CSF leakage as a predictor of dural disrup-
tion, although the latter remains the gold standard for explo-
ration and repair in many centers.

The key to reducing, and potentially eliminating, the risk 
of intracranial infection after treatment of fractures of the 
skull base is to effectively isolate the intracranial contents 
from the frontal, ethmoid, and sphenoid sinuses. This is 
achieved by watertight dural repair, appropriate management 
of the frontal sinus, and vascularized soft tissue flaps 
(pericranial/galeal frontalis) inserted between the dural 
repair and the underlying nasal cavity and paranasal sinuses. 
Very infrequently, the degree of disruption of the forehead 
skin precludes the use of vascularized (pedicled) soft tissue 
flaps. Nonvascularized autologous soft tissue such as fascia 
lata or temporalis fascia may be employed under these 
circumstances.

TIMING Of SURGERY

Early combined repair of craniofacial injuries has been dem-
onstrated to be effective in improving functional and cos-
metic results with acceptable morbidity and mortality and no 
adverse effect on neurosurgical outcome in selected patients.23 
The advocates of early intervention cite a better outcome in 
terms of functional and cosmetic results. This must be bal-
anced against unacceptable morbidity from the surgical pro-
cedure itself. Benzil et al. looked at a series of patients with 
craniofacial trauma who underwent a single-stage combined 
surgical repair within 24 hours after injury and demonstrated 
a 15% rate of postoperative CSF fistula and an 8% rate of 
meningitis.24

Other series have reported a mortality rate as high as 
11.8% in patients undergoing early surgical intervention, but 
this was apparently balanced by a good neurosurgical, func-
tional, and cosmetic outcome in 79.2% of patients.25 When 
early intervention is excluded based on certain clinical 
criteria—elevated intracranial pressure, severe associated 
injury or medical condition, or poor prognosis for survival 
due to cerebral injury—there is no significant difference in 
survival between patients who undergo early versus middle 
or late surgical repair.23

Our criteria for case selection for early surgery are  
based on:

• GCS >13 after resuscitation.
• A stable intracranial pressure ≤15 mm Hg in a cardiovas-

cularly stable patient.
• No CT evidence of midline shift or effacement of the basal 

cisterns or third ventricle.

PRINCIPLES Of SURGICAL MANAGEMENT  
Of CRANIOfACIAL fRACTURES16,17

ORDER Of TREATMENT

Usually, reduction and fixation of fractures of the cranial vault 
and ACF should precede the treatment of the facial fractures; 
that is, the treatment proceeds from above downward. With 
severe comminution or bone loss in the frontobasal region, 

FIGURE 11-9  A  coronal  flap  allows  wide  access  to  a  fracture 
involving the anterior wall of the frontal sinus. 
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bundles should be identified and freed from their bony canals 
in the supraorbital rim, because they provide sensation to the 
skin of the forehead up to the vertex and can provide the 
vascular pedicle for any subsequent pericranial or galeal fron-
talis flap used for ACF repair. The temporalis fascia should be 
split above the root of the zygomatic process of the temporal 
bone. In splitting the fascia, an incision oriented superiorly 
at 45 degrees to the base of the zygomatic arch is necessary 
to preserve the frontal branch of the facial nerve, which runs 
in the plane between the two layers of the temporalis fascia. 
Dissection may then continue deep to the nerve.28 The coronal 
flap may be combined with lower eyelid incisions (transcon-
junctival with or without lateral extension, subtarsal, or sub-
ciliary) to gain access to the inferior orbital rim and floor and 
the medial and lateral orbital walls. Ideally, the eyelid inci-
sions should be made before the coronal flap is raised; if this 
is left until later in the procedure, the lower eyelid may 
become edematous. An alternative to a lower eyelid incision 
is performance of a lateral orbitotomy via the coronal flap, 
which gives excellent access to the orbital floor and medial 
wall by retracting the globe laterally.

The projection and width of the upper midface are deter-
mined by accurate restoration of the position of the body of 
the zygoma in three dimensions in relation to the cranial 
base. The key to this task is accurate restoration of the length 
of the zygomatic arches. The accurate positioning of the body 
of the zygoma in three dimensions is also a critical factor in 
restoring the correct orbital volume and, hence, the correct 
position of the ocular globe. If there is disruption to the 
medial canthus but there is still attachment to bone, this can 
be reduced and plated back into position. If there is no bony 
attachment, the ligament can be picked up with a permanent 
suture. This can be passed transnasally and fixed to the con-
tralateral posterior lacrimal crest. After extensive lateral 
orbital subperiosteal dissection, the lateral canthus should be 
reattached to a fixed reference point just below the frontozy-
gomatic suture.

An intraoral vestibular incision allows access to the lower 
midface. All of these incisions may be linked subperiosteally, 
and no attempt should be made to retain the periosteal 
attachment of small pieces of bone fragments. Occasionally, 
large facial lacerations may be used to gain access to fracture 
sites, but often the access is inadequate without unacceptable 
extension of the laceration.

A low bifrontal craniotomy allows access to the ACF and 
basal dura as far posteriorly as the lesser wing of the sphenoid 
and jugum sphenoidale. Exposure of the basal dura does not 
necessitate sectioning of intact olfactory nerve filaments. 
Intradural exploration allows identification and preservation 
of the olfactory tracts.

Definitive reduction and fixation of fractures should be 
undertaken only after the entire fracture pattern has been 
assessed by direct inspection. This is of particular importance 
when one is attempting to mobilize fractures of the orbital 
roof, because mobilization can be potentially dangerous if the 
optic canal is involved.

MINIMAL BRAIN RETRACTION

A low subfrontal exposure minimizes frontal lobe retraction. 
It may be reduced further by removal of the supraorbital 
fracture fragments or by performance of an osteotomy of the 

pattern, the risk of missing tears by this approach must place 
the patient at long-term risk of infective sequelae.

The standard approach combining a coronal incision with 
a low bifrontal craniotomy allows wide access to the entire 
craniofacial skeleton. Fracture patterns may be directly 
assessed and repaired (Fig. 11-10). Convexity and basal dural 
repair can be performed under direct vision with easy access. 
Dural tears that are not easily appreciable can be addressed 
via intradural exploration and repair (Fig. 11-11). This was 
our approach for all of the 163 patients in our current series.

Access to the entire craniofacial skeleton can be achieved 
with a combination of esthetically acceptable incisions. A 
coronal incision extended into the preauricular or postau-
ricular region on each side to the level of the tragus allows 
access to the frontal and temporal bones and upper facial 
skeleton, particularly the zygoma, lateral orbit, orbital roof, 
and nasoethmoidal regions. The supraorbital neurovascular 

FIGURE 11-10  A comminuted fracture of the frontal bone is widely 
exposed to assess the fracture pattern before craniotomy. 

FIGURE 11-11  Intradural  dural  exploration allows direct  inspec-
tion of the basal dura and detection of dural tears that may otherwise 
be missed. 
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after fracture resists later distortion due to muscle pull and 
scar contracture.

The number of plates and screws used should be kept to a 
minimum, and they should be placed at sites where they may 
easily be removed, if necessary, without significant morbidity. 
Plates should be placed on the convexity of the outer table of 
the skull, if possible, avoiding intracranial plates.29

PRIMARY BONE GRAfTING

Primary autogenous bone grafting may be necessary to 
replace severely comminuted or missing bone segments. It 
has been suggested that bone gaps greater than 5 mm should 
be replaced with bone grafts.29 The need for a bone graft 
depends on the site of the defect and the extent to which it is 
subject to the forces of muscle pull and soft tissue contracture. 
Bone grafting is most commonly required for fractures 
involving the orbital roofs, the frontal bandeau, the anterior 
wall of the frontal sinus, the orbital floor, the medial and 
lateral orbital walls, the nasal skeleton, and the anterior aspect 
of the maxilla (Fig. 11-13).

In the management of craniofacial fractures, the usual 
donor sites for bone graft harvest are the calvaria, iliac crest, 
and ribs. Calvarial bone is a particularly attractive option for 
craniofacial fractures because there is no additional donor 
wound, and if the inner table is harvested, there is no visible 
donor site defect. Limited full-thickness calvarial grafts may 
be harvested from children younger than 1 year of age without 
the need to reconstruct the donor site, because bone regen-
eration can be expected to occur. Inner table calvarial bone 
may be used to provide a satisfactory volume of bone to 
reconstruct craniofacial fractures in most patients. The outer 
table is split from the inner table of the calvaria to provide 
the graft material, and the outer table can then be 

superior orbital margin, so that any additional retraction is 
at the expense of the orbital contents rather than the frontal 
lobe. Spinal drainage may be used in selected cases to further 
reduce frontal lobe retraction.

STABLE fIXATION Of fRACTURES

Current fixation systems have been specifically designed to 
allow accurate and stable 3-D reconstruction of the craniofa-
cial skeleton (Fig. 11-12). Stable reconstruction of hard tissues 

FIGURE 11-12  Accurate reduction of a comminuted frontal bone 
fracture  and  internal  fixation  with  multiple  monocortical  plates  and 
screws. 

FIGURE 11-13  A, Split inner table calvarial bone graft has been harvested for reconstruction of a 
large orbital floor defect. B, Postoperative coronal computed tomogram shows satisfactory graft position; 
the graft lies passively across the orbital floor defect. 

A B
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STUDY Of PATIENTS TREATED AT 
SOUTHAMPTON, 1988-2008

A total of 163 consecutive patients were treated. Emergency 
neurosurgical procedures within the first 24 hours were 
required in 15% of these patients, and 27% required prelimi-
nary procedures for orthopedic and abdominal injuries.

The mean time from injury to combined craniofacial 
repair was 10 days in the group of patients who fit our criteria 
(discussed earlier) and 20 days in those patients who failed 
to meet the criteria for early surgical repair. There was no 
detriment to neurological, functional, or cosmetic outcome 
in the former group, and there appeared to be no significant 
disadvantage in delaying surgery for up to 3 weeks in the 
latter.30

The rate for revisional facial surgery in our series was 14% 
with 87% showing a good recovery according to the Glasgow 
Outcome Score (GOS).

There were two cases of postoperative meningitis in this 
series, both occurring within 3 months after the initial pro-
cedure. In one of these cases, a synthetic dural substitute was 
used for basal dural repair, going against our policy of using 
only autologous soft tissue. This was the only patient in our 
series who was not treated by the skull base surgical team. 
The second patient who developed meningitis had very 
extensive bilateral dural disruption that required further 
intervention to achieve an adequate basal dural seal. Both 
patients recovered well with no neurological deterioration 
and no further infective sequelae after repeat repair, and 
neither case of infection was related to concerns with the 
frontal sinuses.

There have been no cases of cerebral abscess.
A single case of postoperative CSF leakage from the con-

vexity of the dura required reoperation for closure. Consider-
ing the findings of Eljamel and Foy mentioned earlier,19 if 
cases had been selected based purely on the presence of  
a persistent CSF leak regardless of the degree of 

repositioned to avoid a defect at the site of the craniotomy 
(Fig. 11-14). Calvarial bone can be difficult to contour satis-
factorily; in complex defects such as the orbital floor and 
walls, iliac crest may be the graft material of choice.

Rigid fixation of primary autogenous bone grafts reduces 
subsequent resorption and volume depletion (Fig. 11-15). 
The combination of bone grafting and rigid fixation allows 
complete and stable reconstruction of the craniofacial skele-
ton after trauma.

Titanium mesh and other alloplastic materials are now 
commonly used in orbital reconstruction and provide excel-
lent results. The material used depends on the preference of 
the individual surgeon, but in our unit, autologous bone 
remains the reconstructive material of choice.

FIGURE 11-14  Split  calvarial  inner  table  taken  from  the craniot-
omy  bone  flap  can  yield  a  large  volume  of  autologous  bone  for 
primary grafting. The bone flap can be repositioned without contour 
deformity. 

FIGURE 11-15  A, Large residual defect in the frontal region after removal of multiple comminuted 
bone fragments and replacement of the craniotomy bone flap. B, Reconstruction of the defect with split 
inner table calvarial bone taken from the craniotomy bone flap. 

A B
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Importantly, the floor of the frontal sinus is on average 
3.1 mm below the nasion (i.e., the frontonasal suture).31,32 As 
a result, it is reasonable to assume that in severely displaced 
nasoethmoidal fractures, disruption of the drainage of the 
frontal sinus is a distinct possibility.

RATIONALE fOR MANAGEMENT  
Of fRONTAL SINUS INJURIES

Injury to the frontal sinus is an integral part of most central 
craniofacial injuries and some lateral craniofacial injuries. 
The principles involved in the management of the frontal 
sinus are essentially no different from those used in the 
overall management of the craniofacial fracture: to avoid 
infective sequelae and to restore satisfactory restoration of 
form and function. However, its unique anatomical position 
and physiological function mean that the frontal sinus is 
usually assessed and managed as a separate entity within the 
overall fracture pattern. Adverse outcomes such as acute and 
chronic sinusitis, mucocele, mucopyocele, osteomyelitis, 
meningitis, and cerebral abscess have all been reported after 
treated and untreated frontal sinus fractures.2

With the exception of displaced fractures of the anterior 
wall, which are purely a cosmetic problem, injuries to the 
frontal sinus are treated with the explicit aim of reducing  
or eliminating the risks of infection and mucocele 
development.

Historically, the risk of infection after damage to the 
frontal sinus was believed to be caused principally by disrup-
tion of the drainage of the sinus, leading to retained secre-
tions that become infected or to the formation of a mucocele, 
or both. A mucocele is a collection of mucus within the sinus 
that gradually enlarges and destroys the bony walls; it is an 
expansile lesion, not simply a sinus filled with mucus. A 
minority of frontal sinus mucoceles are the result of trauma.34 
Infection in a mucocele results in a mucopyocele.

Localized osteomyelitis and intracranial complications 
such as meningitis and epidural or subdural abscesses have 
also been attributed to injury to the frontal sinus. Because 

fracture displacement in central injuries, the predicted rate of 
meningitis would have been significantly higher over the 
20-year period. The mortality rate for this series of patients 
was 0%.22

In our view, these results confirm the validity of our origi-
nal CT and clinical criteria for combined craniofacial repair, 
accepting that further refinement of the CT case selection 
criteria is necessary to increase their sensitivity as a predictor 
of dural disruption in the region of the base of the skull. The 
approach adopted for timing of surgery in patients with sig-
nificant head injuries combined with other injuries also 
appears to be sound, considering both the outcome in terms 
GOS and the 0% mortality rate. Finally, the rate of revisional 
surgery compared favorably with that in published series.

MANAGEMENT Of fRONTAL SINUS INJURIES

SURGICAL ANATOMY

The frontal sinuses are derived from the frontal recess portion 
of the middle meatus or occasionally from an air cell of the 
ethmoid infundibulum. The sinuses are radiologically evident 
at 5 to 6 years of age and reach adult size by 10 to 12 years  
of age.13

The common description of the frontal sinus as a pyrami-
dal, air-filled cavity that lies within the lamina of the frontal 
bone and creates an anterior and posterior wall for the sinus 
considers only that portion of the frontal sinus that is related 
to the skull vault. It fails to take into account the considerable 
element of the frontal sinus that is situated in the skull base—
the horizontal aspect of the frontal sinus. As with the vertical 
component, this aspect varies considerably in size, is unique 
to the individual, and may extend as far posteriorly as the 
sphenoid wing and laterally to incorporate the entire orbital 
roof. It may also be intimately associated with the anterior 
ethmoid air cells.31,32 The size and shape of the sinus varies 
among individuals and on right and left sides in the same 
individual.

The anterior wall of the sinus is stronger than the posterior 
wall, but it also has low resistance to either low-energy or 
high-energy impact. The brows and buttress of the supraor-
bital rims demarcate the lower anterior border of the frontal 
sinus and offer some protection to the anterior wall of the 
sinus. The posterior wall of the sinus is thinner and weaker 
and separates the sinus from the dural covering of the brain 
in the ACF. The sinus floor consists of membranous bone  
and is the thinnest of the sinus boundaries. A thin septum 
usually arises from the midline of the sinus floor and partially 
or completely separates the two sides of the sinus. The  
horizontal aspect of the sinus is intimately related to the 
orbits, cribriform plates, ethmoid sinuses, and nasal cavity 
(Fig. 11-16).

Drainage of the frontal sinus is variable. A true FND exists 
in only 15% of the population, varying from a few millimeters 
to 1 cm in length.31 In the remaining 85%, the frontal sinus 
drains directly into the anterosuperior portion of the middle 
meatus via an ostium without a true duct or occasionally by 
a communication through the ethmoids via the ethmoidal 
infundibulum.13 The proximal opening is a more constant 
feature; it lies in the posteromedial aspect of the frontal sinus 
floor.33

FIGURE 11-16  Coronal  computed  tomogram shows  the position 
of the frontal sinus and its immediate relationships. Notice the septum 
dividing the sinus in the midline. 
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1. Fracture of the anterior wall
2. Fracture of the sinus with disruption of the posterior wall
3. Fracture involving the floor of the frontal sinus
4. Through-and-through injuries

SURGICAL MANAGEMENT Of fRONTAL  
SINUS INJURIES

Safe surgical management of the frontal sinus is based on 
thorough clinical and radiological evaluation of the nature  
of the injury, which allows precise preoperative surgical  
planning. Patients are fully assessed in terms of the risks of 
developing late complications, and this in turn determines 
management of the frontal sinus injuries.

fRACTURES Of THE ANTERIOR WALL Of THE 
fRONTAL SINUS

Cosmesis is the only consideration in fractures of the anterior 
wall of the frontal sinus. Treatment is indicated only for those 
patients with displaced fractures resulting in cosmetic defor-
mity that is of concern to the patient.

In a series of 72 frontal sinus fractures, isolated fractures 
of the anterior wall of the frontal sinus occurred in 18% of 
patients.35 These fractures may occur with relatively minimal 
trauma and few clinical signs. Bruising and tenderness over 
the region of the sinus and the presence of a laceration may 
all be indicative of an underlying fracture. Fine-cut axial CT 
imaging demonstrates the degree of displacement.

Undisplaced fractures of the anterior wall require no sur-
gical intervention. Minimally displaced fractures with no 
evidence of clinical deformity after any edema has subsided 
may also be managed conservatively. Displaced fractures 
requiring treatment should be explored via a coronal incision. 
An overlying laceration is not ideal for surgical exploration 
and is best avoided. The anterior wall should be reduced and 
fixed in the anatomical position to restore normal forehead 
contour (Fig. 11-17). Occasionally in severely comminuted 
fractures, primary bone grafting is required. If a concomitant 
craniotomy has been performed, a split inner table calvarial 
bone graft is ideal. Otherwise, outer table calvarial or iliac 
crest bone may be harvested. Titanium mesh may be used to 
advantage in selected cases to avoid the need for harvesting 
an autologous bone graft.

fRACTURES Of THE fRONTAL SINUS WITH 
DISRUPTION Of THE POSTERIOR WALL

When there is a fracture involving the frontal sinus, involve-
ment of the posterior wall is relatively common. In a series 
of 72 fractures of the frontal sinus, the posterior wall was 
involved in almost 80% of cases.35 If the frontal sinus is large, 
it may absorb much of the force, leaving the posterior wall 
intact even if there is gross comminution of the anterior 
wall. If the sinus is small, there is a greater likelihood of 
posterior wall involvement.36 Occasionally, a high-energy 
injury to the nasoethmoidal area produces relatively minimal 
primary deformity at the site of impact; the energy is trans-
mitted to the weaker posterior wall of the frontal sinus, and 
disruption occurs at that site (Fig. 11-18). This “burst” phe-
nomenon may also occur with skull fractures. The etiology 
is analogous to that of orbital floor fractures: the energy of 

these complications can occur many years after the initial 
injury, the actual risk of complications after apparent distur-
bance of frontal sinus drainage is unclear.

In our view, the more likely cause of intracranial infection 
after trauma to the anterior skull base is untreated dural tears 
that are in communication with the nasal cavity and the 
frontal and ethmoid sinuses, rather than infection purely 
related to the frontal sinus. In the treatment of nasoethmoidal 
injuries, it is not usual practice to address drainage of the 
frontal sinus despite the high risk of disruption of the drain-
age in these injuries. Considering the relative lack of frontal 
sinus morbidity after treatment of nasoethmoidal fractures in 
which the frontal sinus is not addressed, the role of disrupted 
frontal sinus drainage in any subsequent infective sequelae 
can be questioned.

Historically, management of frontal sinus injury was 
extrapolated from experience gained in treating acute and 
chronic frontal sinusitis. This led to confusion and contro-
versy regarding the management of frontal sinus injuries that 
still exists today.

Our experience and that of other contemporary units 
treating large numbers of craniofacial injuries suggest that the 
frontal sinus can be managed reliably and effectively with 
minimal long-term risk of morbidity. This is based on clinical 
and radiological evaluation of each case combined with 
planned surgical intervention based on the findings.

CLASSIfICATION Of fRONTAL SINUS 
fRACTURES

There are multiple classifications of frontal sinus fractures in 
the literature. Luce divided frontal sinus fractures into ante-
rior fractures, anterobasilar fractures, and frontal skull frac-
tures with extension into the sinus. The fractures were further 
classified as closed or open, depending on the presence of an 
overlying laceration and whether there was an associated CSF 
leak.13 Gonty et al. classified frontal sinus fractures into four 
groups based on the fracture pattern2 (Box 11-1). Each of 
these systems has its merits, particularly in descriptive terms, 
but they are not particularly helpful in terms of 
management.

We believe that frontal sinus fractures can be categorized 
into one of four groups related to management:

BOX 11-1 Gonty’s Classification of Frontal Sinus 
Fractures

Type I—Anterior Table Fractures
1. Isolated to anterior table
2. Accompanied by supraorbital rim fractures
3. Accompanied by nasoethmoidal complex fractures

Type II—Anterior and Posterior Table Fractures
1. Linear fractures

A. Transverse
B. Vertical

2. Comminuted fractures
A. Involving both tables
B. Accompanied by nasoethmoidal complex fractures

Type III—Posterior Table Fractures
Type IV—Through-and-Through Frontal Sinus Fracture
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the force is transmitted through the infraorbital margin to 
the relatively weaker area of the orbital floor, producing a 
fracture remote from the point of impact. These injuries can 
easily be missed without appropriate imaging, thereby 
placing the patient at lifelong risk of developing infective 
complications.

Significant complications of intracranial sepsis have been 
demonstrated in cases in which posterior sinus wall fractures 
were treated conservatively.37 This is not surprising in light of 
the incidence of dural tears associated with disruption of the 
posterior wall of the frontal sinus and the implicit long-term 
risk associated with leaving a dural tear in communication 
with the nasal cavity via the frontal sinus.

Our approach to displaced fractures of the posterior wall 
of the frontal sinus has always been as part of the manage-
ment of the ACF in trauma rather than as treatment of the 
frontal sinus per se. The CT and clinical criteria for combined 
ACF exploration and repair are listed earlier. The CT criteria 
(i.e., displaced fractures of the posterior wall of the frontal 
sinus, cribriform plate, and roof of the ethmoid sinuses with 
or without a CSF leak) are associated with a high (89%) 

FIGURE 11-17  A, Axial computed tomogram shows a displaced fracture involving the anterior wall 
of the frontal sinus. B, Reduction and fixation of the anterior wall of the frontal sinus fracture shown in 
Figure 11-8. C, Early postoperative view shows satisfactory restoration of forehead contour. 

A

B

C

FIGURE 11-18  Axial  computed  tomogram  shows  isolated  dis-
placed fracture involving the posterior wall of the frontal sinus with no 
disruption of the anterior wall. 
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then separated from the cranial cavity and intracranial con-
tents with a vascularized pericranial or galeal/frontalis flap 
raised with the coronal flap (Fig. 11-20). The flap is inlaid over 
the sinus floor via the inferior aspect of the craniotomy. Care 
should be taken when repositioning the bone flap at the end 
of the procedure not to damage or inhibit the vascularity of 
the flap (Fig. 11-21).

It is our firm opinion that there is no place for nonautolo-
gous materials (e.g., synthetic dural substitutes) in the repair 
of the basal dura. In our series, the only instance in which a 
synthetic dural substitute was employed resulted in the 
patient’s developing meningitis, necessitating further surgery. 
We have not found the need to reconstruct the central skull 
base (i.e., the region of the cribriform plate and the roofs of 

FIGURE 11-19  The  posterior  wall  of  the  frontal  sinus  has  been 
removed to the level of the floor of the anterior cranial fossa, and all 
mucosa has been removed. 

FIGURE 11-20  A pericranial flap has been raised with the coronal 
flap  for  later  use after  cranialization of  the  frontal  sinus. Notice  the 
split  in  the  temporalis  fascia  that  was  made  to  preserve  the  frontal 
branch of the facial nerve. 

FIGURE 11-21  A pericranial flap is being inlaid  to separate  the 
repaired dura from the cranialized frontal sinus. 

likelihood of dural tears in communication with the nasal 
cavity and paranasal sinuses, including the frontal sinus.

Undisplaced fractures are managed expectantly (i.e., not 
treated).

When there are displaced fractures of the posterior wall of 
the frontal sinus (as defined in the criteria), the frontal sinus 
is cranialized as part of the ACF exploration, dural repair, and 
isolation of the contents of the ACF from the underlying nasal 
cavity and sinuses.

A craniotomy is mandatory, because adequate dural explo-
ration and ACF exploration and repair cannot be reliably 
performed through the sinus itself. A low bifrontal craniot-
omy is performed and provides access to the entire ACF back 
to the sphenoid wing and the jugum sphenoidale if necessary, 
with minimal brain retraction. The convexity and basal dura 
are explored; intradural exploration is ideal for the latter 
because it permits preservation of olfaction.

Importantly, dural tears are not necessarily confined to the 
dura immediately behind the fracture. Moreover, in our expe-
rience, the size of the fracture on CT is a poor indicator of 
the extent of dural disruption; the dural tears are usually 
larger than the fracture. Direct dural repair using purely the 
sinus for access without a formal craniotomy is both techni-
cally difficult and potentially hazardous if the repair is per-
formed inadequately.

A further advantage of a formal craniotomy is that it 
permits complete removal of both the posterior wall of the 
vertical component of the sinus and the “roof ” of the hori-
zontal portion of the sinus (i.e., that portion of the sinus that 
is in contact with the basal dura) without difficulty. Complete 
removal of the sinus lining is also greatly facilitated regardless 
of the size of the sinus (Fig. 11-19).

Dural tears can be closed primarily or, if they are complex, 
a pericranial patch can be sutured across the defect and sealed 
with fibrin glue. In our experience, the remnants of the FND 
in severe injuries are frequently not identifiable. If still present, 
they can be plugged with antibiotic-impregnated sponge. 
Sealing of the remnants of the FNDs is not a critical element 
in the ACF repair. The nasal cavity and adjacent sinuses are 



206 C HA P T E R 11 Craniofacial and Frontal Sinus Fractures

is at best anecdotal. Attempts to surgically reestablish the 
function of an incompetent FND have a failure rate of almost 
30% due to subsequent scar formation and stenosis.39 It is our 
view, therefore, that there is no place for attempts to reestab-
lish drainage of the sinus.

Obliteration of the Sinus
Obliteration of the frontal sinus with autologous materials 
such as fat, muscle, or bone or with synthetic materials such 
as hydroxyapatite or lyophilized cartilage has been described. 
The list of materials used is very extensive. Fat appears to be 
the most popular choice for attempts to obliterate the frontal 
sinus, but failure rates of up to 25% have been reported.40 In 
a series of 46 fractures of the frontal sinus treated by oblitera-
tion with fat, only 28% of patients developed no postoperative 
complications. Two patients in this series developed menin-
gitis, and one patient developed a cerebral abscess after treat-
ment.39 Other series have demonstrated variable rates of 
complication and success with sinus obliteration. Free fat 
grafts can be expected to undergo a significant rate of necrosis 
when used to obliterate the frontal sinus, because any non-
vascularized graft is dependent on the vascularity of the 
recipient site to survive.

Obliteration is an absolute term, and it is clear complete 
obliteration cannot possibly be achieved with substances such 
as fat or temporalis fascia. The lesson to be learned from the 
various techniques is perhaps not the supposed therapeutic 
effect of the obliteration procedure or the choice of material 
used, but rather the forgiveness of the frontal sinus to insult. 
Resort to the “unobliteration” procedure advocated in cases 
of failure of frontal sinus obliteration supports this 
suggestion.41

Osteoneogenesis
Osteoneogenesis is a fascinating concept, but it has no basis 
in fact. It arose as a method of treating chronic sinus infec-
tion. It is, in effect, an attempt to obliterate the frontal sinus 
by stripping it of its mucosa, plugging the FND and “allow-
ing” the sinus to fill with new bone. The sinus is expected to 
obliterate itself; hence, the term osteoneogenesis.13 Although 
no such obliteration of the maxillary sinus by new bone  
formation would be expected if a similar procedure were 
carried out there, nonetheless this is advocated for the frontal 
sinus. Enthusiasm for obliteration of the frontal sinus with 
bone grafts, whatever the source, appears to be inversely 
related to the size of the sinus, with the simpler procedure of 
“osteoneogenesis” being adopted in patients with large frontal 
sinuses.42

Our approach to injuries to the floor of the frontal sinus 
is to do nothing. This is in keeping with the current method 
of treatment of nasoethmoidal fractures.

This aspect of the management of frontal sinus  
fractures is perhaps the most contentious, with strong  
advocates for every approach. To date, however, there  
have been no controlled studies comparing operative  
intervention versus observation alone. The literature sug-
gests that the complication rate of operative intervention is 
on the order of 9%, with a range of 0% to 50%, whereas 
that of observation alone is approximately 3%, with a range 
of 0% to 12%.43 This is reasonable grounds for a conserva-
tive approach to these injuries if management is to be evi-
dence based.

the ethmoid sinuses) with autologous bone grafts. The soft 
tissue flaps described earlier are adequate in this region.

Cranialization of the frontal sinus effectively eliminates 
this structure as an entity. This procedure is, however, only 
part of the treatment of the ACF, the most important ele-
ments being identification and repair of dural tears and isola-
tion of the contents of the ACF from the underlying nasal 
cavity and sinuses.

fRACTURE INVOLVING THE fLOOR Of THE 
fRONTAL SINUS

Isolated frontal sinus fractures without concomitant involve-
ment of the anterior or posterior walls of the sinus are uncom-
mon. In a series of 72 fractures of the frontal sinus, only two 
patients (1.44%) had isolated fractures involving the floor of 
the frontal sinus.35

The most common source of isolated fractures of the  
floor of the frontal sinus are displaced fractures of the  
nasoethmoidal complex. This is not an expected finding, 
because the floor of the frontal sinus is situated below the 
nasion.32

The rationale for treating injuries to the floor of the frontal 
sinus has been to prevent the later development of a frontal 
sinus mucocele or infection in any retained secretions in the 
sinus as a result of presumed disruption to the frontal sinus 
drainage.

Patency of the FND has been considered to be important 
in preventing infection of the frontal sinus and the develop-
ment of a mucocele. This is certainly the case when one con-
siders acute and chronic frontal sinusitis. However, the role 
of the FND in trauma appears to have been overstated, based, 
as it has been, on previous experience with inflammatory 
sinus disease.

Mucocele is a rare complication of trauma to the frontal 
sinus.38 In like measure, infection of the frontal sinus after 
treatment of isolated displaced nasoethmoidal fractures 
appears to be a rare finding based on the absence of signifi-
cant numbers of case reports in the literature.

Despite suggestions that the CT appearance of the FND13 
or its appearance at operation (with or without the use of 
methylene blue dye) can be used to assess whether the duct 
will function adequately, the reality is that there is no reliable 
method of assessing whether the sinus will resume normal 
drainage after disruption by trauma.

Active treatments undertaken to address presumed dis-
ruption of the drainage of the frontal sinus have taken three 
forms:

• Stenting of the FND for varying periods in an attempt to 
reestablish sinus drainage

• Obliteration of the sinus with a variety of materials after 
removal of the sinus mucosa, the aim being to eliminate 
any residual sinus activity

• Stripping of the sinus lining with the hope of new bone 
formation, so-called osteoneogenesis

Each of these methods is considered in turn.

Stenting of the frontonasal Duct
There is no reliable evidence for the use of stenting in rees-
tablishing adequate sinus drainage. Evidence for its efficacy 
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SOUTHAMPTON PROTOCOL

The Southampton protocol for the treatment of fractures of 
the frontal sinus is presented in Box 11-2.

USE Of PROPHYLACTIC ANTIBIOTICS

The question of prophylactic antibiotics remains. Retrospec-
tive analyses of the use of antibiotics in patients with trau-
matic CSF leaks have given conflicting results in attempting 
to demonstrate a benefit. There is no strong evidence for 
prophylactic antibiotic therapy in these patients.44,45

Patients who have suffered one episode of meningitis  
are liable to experience further instances of infection. This 
group may benefit from the provision of prophylactic 
antibiotics.

OUTCOMES

The rationale for the treatment of craniofacial fractures is the 
prevention of late infective complications and of late cranio-
orbital deformity. At Southampton, we have followed the cri-
teria described earlier for more than 20 years and treated 
more than 163 patients. Of these, 87% have made a good 
recovery according to their GOS, and the revisional facial 
surgery rate is 14%.

We have had two cases of postoperative meningitis (includ-
ing one in which our policy of using only autologous materi-
als for basal dural repair was violated), a single case of loss of 
frontal bone flap, no cases of postoperative late intracranial 
abscess, and one case of postprocedure repair because of con-
vexity dura CSF leakage. There have been no cases of muco-
cele to date, and the postoperative mortality rate for the series 
is 0%. These results compare very favorably with all published 
series to date. Our approach using a dedicated skull base and 
craniofacial trauma team with defined criteria for case selec-
tion, rigorous follow-up, and auditing of results would appear 
to be justified. Of course, there is always potential for improve-
ment. Teamwork is essential in the management of these 
challenging patients.

BOX 11-2 Southampton Protocol for the Treatment 
of Fractures of the Frontal Sinus

Anterior Wall Fractures
• Undisplaced: no treatment
• Displaced with cosmetic deformity of concern to the patient: open reduction 

and internal fixation via coronal flap; autologous bone graft or titanium mesh, 
or both, in selected cases

Posterior Wall Fractures
• Undisplaced: no treatment
• Displaced: craniotomy, cranialization of the sinus, and dural repair with isola-

tion of the anterior cranial fossa with pedicled flaps (pericranial or galeal 
frontalis)

Floor Fractures
• No treatment
Through-and-through Fractures
• As for fractures of the posterior wall

KEY POINTS
• Craniofacial fractures are classified as central, lateral, or complex injuries 

depending on the site of the fracture.
• Preoperative computed tomographic imaging in axial and coronal planes 

allows precise delineation of fractures and accurate planning for 
management.

• The rationale for the management of craniofacial injuries is to prevent late 
infective sequelae and cranio-orbital deformity.

• Untreated dural tears have an unacceptably high risk for the long-term 
development of meningitis.

• Early combined repair of craniofacial injuries is effective in improving func-
tional and cosmetic results with acceptable morbidity and mortality and no 
adverse effect on neurosurgical outcome in selected patients.

• The principles of the surgical management of craniofacial fractures are based 
on adequate exposure, minimal brain retraction, rigid fixation of fractures, 
and primary bone grafting where necessary.

• Fractures involving the anterior wall of the frontal sinus are treated on the 
basis of cosmesis.

• Displaced fractures of the posterior wall of the frontal sinus have a high risk 
of dural tear and are treated by cranialization of the sinus and isolation of 
the sinus contents from the nasal cavity with a vascularized pericranial flap.

• The risk of mucocele development is minimal in adequately treated fractures 
of the frontal sinus.

• There is no place for obliteration of the frontal sinus or attempts to reestablish 
drainage of the frontonasal duct in contemporary management of frontal 
sinus fractures.
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Nasoethmoid Fractures

C HA P T E R 

Peter Ayliffe, Peter Ward Booth

The nasoethmoid region is an important area of the face 
for cosmesis and determining facial projection and 
width. The region relies for form and strength on a 

complex interrelationship between uniquely specialized soft 
tissues and bones formed into buttresses and thin plates.

Nasoethmoid fractures represent a spectrum of injury 
from simple nasal fractures with minimal ethmoidal involve-
ment to grossly comminuted fractures with displacement. 
The complex anatomy and direction of the force, together 
with the degree of development of the paranasal sinuses and 
related structures, often mean that the fracture patterns 
extend posteriorly into the orbit, the skull base, and the 
frontal sinus. Fractures of the frontonasal duct as it traverses 
the anterior part of the labyrinth of the ethmoid should be 
considered in all nasoethmoid fractures. In more than 50% 
of individuals, the frontonasal duct is continuous with the 
anterior ethmoidal sinus through the infundibulum, which 
means that all nasoethmoid fractures should be considered 
to be compound fractures. Nasoethmoid injuries should also 
be considered as fractures of the orbit, with all their associ-
ated problems.

STATE Of THE ART

Management of these injuries requires a thorough under-
standing of the anatomy. Because standard textbooks do not 
emphasize certain important aspects of surgical anatomy, it 
is a controversial area. The surgical anatomy is extensively 
reviewed later in this chapter (see “Controversies”).

The gold standard of care of patients with nasoethmoid 
injuries begins with a careful clinical evaluation, which 
includes a detailed radiologic examination and careful oph-
thalmic examination. Rarely, secondary examinations are 
done, particularly to verify the function of the lacrimal appa-
ratus. This protocol should establish a precise diagnosis. With 
this information, typically using an open approach, precise 
reduction and stabilization should be possible, leading to a 
good outcome.

CLINICAL EXAMINATION

The clinical findings are related to the time of examination of 
the patient after injury. Soft tissue injuries usually can be 

readily evaluated by clinical examination, but gross edema or 
emphysema initially may mask the full extent of the injuries. 
If the patient is examined soon after the injury, gross swelling 
may mask canthal detachment (Fig. 12-1).

Nasoethmoid fractures may manifest with traumatic tele-
canthus and impaction of the bridge of the nose, producing 
the characteristic appearance (Fig. 12-2). Telescoping of the 
nasal dorsum into the ethmoidal region (Fig. 12-3) and the 
lack of distal support lead to nasal tip elevation. Depression 
of the nasal bridge with lack of normal form in the frontona-
sal angle projects the nostrils almost horizontally, producing 
a pig snout appearance when the swelling has subsided  
(Fig. 12-4).

Some workers1 have attempted to classify these bony frac-
tures. The classifications are infrequently used because they 
have not proved useful in clinical practice and do not corre-
late well with outcome. It is, however, important to determine 
the severity of the fracture. Greater problems occur with 
compound, comminuted fractures with gross displacement 
than with simple fractures.2 In nasoethmoid trauma, com-
minution and detachment from bone of the canthus represent 
important, poor prognostic criteria for a satisfactory outcome. 
Even later classifications do not consider damage to the lac-
rimal apparatus.3

In trauma to this region, the bones most commonly frac-
ture in such a way as to leave a fragment with the medial 
canthal ligament attached. However, the oblique slope of the 
nasal bones and their concavoconvexity from above down 
and their concavity anteroposteriorly mean that anterior 
forces can cause overriding of bony fragments. The fragments 
can be pushed posteriorly and disrupt the lacrimal sac (Fig. 
12-5) or guillotine the canthal ligament. This can be seen on 
computed tomography (CT) (Fig. 12-6) and clinically, and 
careful exploration of lacerations in this area can reveal the 
extent of the damage to the canthal attachment (Fig. 12-7) or 
lacrimal system, or both.

The eyelids should be held and distracted laterally. This 
maneuver is particularly directed at pulling the canthus to 
ensure it is still attached to stable bone. If the canthus is 
detached or the canthal-bearing bone fragment is small, the 
canthal apex will move laterally, and the canthal angle will be 
blunted (Fig. 12-8). When the nasoethmoid fragments are 
severely impacted, the canthal-bearing fragment can become 
wedged in an incorrect position, and the distraction test 
result will be falsely negative.
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FIGURE 12-1  A, Severe injuries and the problems of  immediate care may allow a traumatic  tele-
canthus from a nasoethmoid fracture to be overlooked. B, After the swelling has decreased, the fracture 
and displacement of the canthi are obvious. A delay in diagnosis can by prevented by a careful initial 
examination. This patient first was seen in a nonspecialist environment. 

A B

FIGURE 12-2  Displacement of the nasal bridge into the ethmoids 
causes  this characteristic pig snout appearance, which  is caused by 
relative upturning of the nasal tip. 

FIGURE 12-3  Comminution of nasal bones adds to the problem of 
no support, and the soft tissue is easily depressed. 

FIGURE 12-4  Computed  tomography of  the patient described  in 
Figure 12-2 demonstrates displacement of  the nasal bridge, causing 
the soft tissue appearance. 

FIGURE 12-5  Overriding of the bony fragments can cause section-
ing of the canthal ligament. 
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often occurs with severely displaced nasoethmoid fractures. 
The energy of impact may also be dissipated through the 
frontal sinus, and fractures of the posterior wall of the frontal 
sinus are commonly associated with high-energy trauma, 
causing severely displaced nasoethmoid fractures that extend 
into the skull base and anterior cranial fossa.

The midline of the patient’s face and asymmetry of the 
canthi are important indicators. The intercanthal and inter-
pupillary distances should be measured. Although a gross 
increase in the intercanthal distance (range in whites, 
24-39 mm) is diagnostic, borderline cases can be difficult.  
A better guide in clinical practice is to relate the intercanthal 
distance to the interpupillary distance, provided there is  
no globe displacement due to gross orbital disruption. The 
intercanthal distance typically is twice the interpupillary  
distance. If the bone attachment has been fractured and  
displaced laterally with the canthus, the situation needs to be 
explored more formally at the time of surgery in order to fix 
the medial canthus and prevent late complications of canthal 
drift.

A full ophthalmic examination is essential, but it may be 
compromised by the neurological status of the patient. The 
function of the optic nerve and the ocular reflexes must be 
examined. In a posteriorly impacted nasoethmoid fracture, 
the optic nerve can be compressed by collapse of the bony 
complex into the sphenoid sinus and direct compression of 
the nerve in the canal. In the unconscious patient, the swing-
ing flashlight test is particularly important, and the fundus 

More severe forces may extend the fractures into the base 
of skull (Fig. 12-9) through the cribriform plate of the 
ethmoid; this frequently is associated with a cerebrospinal 
fluid leak. Tears in the dura may occur if a fragment of mis-
placed bone punctures the membrane. Shearing forces may 
tear the dura, particularly if the crista galli is fractured, as 

FIGURE 12-6  Computed  tomography  demonstrates  bony 
fragments. 

FIGURE 12-7  In this case, the ligament is still attached to a piece 
of bone that has been plated. 

FIGURE 12-8  Applied  lateral  tension  demonstrates  the  lateral 
movement caused by damage to the medical canthal attachment. 

FIGURE 12-9  Three-dimensional  computed  tomography  shows 
severe impaction and comminution involving the cribriform plate. 
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TIMING Of TREATMENT

The timing of facial surgery is a difficult problem, especially 
in cases of nasoethmoid trauma. Delays in treatment can lead 
to difficulty in repositioning the soft tissues, particularly the 
canthal ligaments, and in identifying damage to the lacrimal 
duct system. However, early treatment may be impossible 
because of other injuries, commonly head injuries. Edema 
poses significant problems for operating in this region, and 
delay can allow it to resolve. Many patients with these injuries 
can be treated at 7 to 10 days, but the earlier surgery can be 
undertaken, allowing for other injuries and swelling, the 
more satisfactory.

ANATOMY

A thorough understanding of normal anatomy is essential to 
achieve a satisfactory treatment result. Certain anatomical 
structures are disproportionately important.

BONY ANATOMY

The nose is the most conspicuous feature of the bony skeleton 
in the nasoethmoid region. The two nasal bones and the verti-
cal midline bony septum form its major structural compo-
nents. The nasal bones superiorly articulate through a serrated 
joint with the nasal part of the frontal bone. Laterally, they 
articulate with the frontal process of the maxilla. Superiorly, 
the bones are thick; they gradually thin to the notched infe-
rior borders that are continuous with the lateral nasal carti-
lages. The medial borders are thicker above than below, and 
the two nasal bones articulate with each other around the 
midline of the nose. The paired nasal bones have a vertical 
crest on their posterior surface that forms part of the midline 
septum of the nose. They articulate with the nasal spine of 
the frontal bone, the perpendicular plate of the ethmoid bone, 
and the cartilage of the nasal septum from above 
downward.

The nasal skeleton is a pyramidal form and the  
frontal process of each maxilla form the major buttresses  
of the anterior midface. They provide strength and protect  
the relatively thin sheets of the lacrimal bone, the cribriform, 
and perpendicular and orbital plates of the ethmoid  
bone more posteriorly. The frontonasal buttresses provide 
considerable strength to resist the energy transmitted from  
a direct anterior blow, but there is relatively little strength  
to resist a lateral blow. After the thick nasal bridge collapses, 
the forces are dissipated into the air cells. Although  
this mechanically protects the base of the skull as a natural 
“crumple zone,” relatively small forces in patients with  
large pneumatized air cells can collapse the whole  
complex.

The bones of this region provide the area of insertion to 
the part of the medial canthal ligament that attaches anterior 
to the lacrimal sac. The medial canthal ligament provides the 
primary functional support of the eyelids medially by con-
necting the orbicularis muscle to the medial orbit, lateral 
nose, and lacrimal diaphragm.

should be examined thoroughly for signs of optic nerve com-
pression. Among patients who have sustained sufficient 
trauma to cause compression of the optic nerve, there is a 
high incidence of globe injuries.

The lacrimal apparatus is damaged infrequently, usually as 
a result of direct penetrating trauma or overriding fragments 
of sharp bone. Lacerations in this area must be carefully 
explored. Dye can be introduced into either of the lacrimal 
puncta, and backflow usually demonstrates the leak. If doubt 
remains, radiological confirmation may be needed.

Bony injuries are frequently difficult to examine well 
enough to give a precise diagnosis. Even in the most swollen 
patients, however, it is usually possible to gauge the extent of 
the fractures by careful clinical examination. This informa-
tion is important for obtaining well-targeted radiographic 
examinations.

RADIOLOGICAL EXAMINATION

Good-quality radiographs are normally required, but in 
patients with marked swelling, the fine bones of the nasoeth-
moid region may be effaced by soft tissue shadows. Careful 
examination of the orbital and other facial bones is required. 
Occipitomental views (10- and 45-degree projections) are 
most helpful as an initial screening examination. Lateral face 
or skull radiographs are usually disappointing for evaluation 
of nasoethmoid trauma; occasionally, an occlusal film shows 
disruption of the ethmoid.

Good-quality CT scans are extremely valuable and can be 
essential, particularly for assessing high-energy trauma cases 
in which the frontal sinus and base of skull may be disrupted 
(Fig. 12-10). Because reconstructed and three-dimensional 
images contain artifacts, it is helpful if the patient is fit enough 
to allow axial and coronal views to be made. These images 
must be used to exclude related fractures or injuries, particu-
larly orbital wall fractures. Special radiological methods, such 
as a dacryocystogram, are not commonly used for primary 
surgery, because direct examination usually is possible during 
the operation.

FIGURE 12-10  Good-quality computed tomography provides unri-
valed detail, which is essential for nasoethmoid fractures, in this case 
even showing damage to the lacrimal sac. 
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LACRIMAL DRAINAGE SYSTEM

The lacrimal papillae are elevations at the medial end of the 
lid margins just lateral to the plica semilunaris. They are 
pierced by the small, round or transversely oval apertures of 
the lacrimal puncta. The puncta are situated in line with the 
openings of the tarsal gland ducts and lie about 1 mm medial 
to the nearest opening, dividing the lids into ciliary and lac-
rimal parts. The superior punctum is slightly nearer to the 
nasal side (6 mm from the medial canthus), and the lower 
punctum is 6.5 mm from the canthus. Each punctum is sur-
rounded by dense fibrous tissue continuous with the tarsus. 
This tissue keeps the punctum patent and is surrounded by 
fibers of the orbicularis, which pass onto and attach to the 
medial canthal ligament.

Each lacrimal canaliculus is lined by stratified squamous 
epithelium on an extensive corium of elastic tissue. Macro-
scopically, they consist of a vertical and a horizontal part; the 
vertical components are about 2 mm long and then bend 
medially almost at right angles to become the horizontal por-
tions. At the junction of the two is a dilatation, or ampulla. 
Both horizontal components of the canaliculi slope toward 
the common medial canthal ligament within the substance of 
the pretarsal components of the upper and lower eyelids. 
They take a convergent course, with the lower in a slight 
upward inclination for 8 mm and the lower in a downward 
inclination for 7.5 mm within the lid margins. They have 
pretarsal fibers of the orbicularis in superficial and deep rela-
tionships over the medial third of their course. The tarsal 
glands lie below the canaliculi, and the ciliary glands of Moll 
and the ciliary glands of Zeiss lie superficially. The canaliculi 
pierce the lacrimal fascia separately or in common. They 
enter the lacrimal sac through the fossa of Rosemüller at a 
small diverticulum, the sinus of Maier. This lies behind the 
middle of the lateral surface of the lacrimal sac about 2.5 mm 
from its apex.

The membranous lacrimal sac lies in the lacrimal fossa 
formed by the frontal process of the maxilla and lacrimal 
bone. The sac is open and continuous below with the naso-
lacrimal duct; a constriction marks the junction between the 
two. The sac is enclosed by a splitting of the orbital fascia, 
called the lacrimal fascia or lacrimal diaphragm; the action of 
the attached muscles is in part responsible for the normal 
aspiration of tear fluid.6 The lacrimal fascia adheres to the sac 
around the fundus, but it is otherwise separated by a thin 
layer of areolar tissue. The medial canthal ligament is attached 
to the lacrimal fascia in front and behind the sac. The lacrimal 
sac extends for 3 to 5 mm above the horizontal component 
of the ligament. A thin layer of orbicularis covers the sac 
below the medial canthal ligament, and it is therefore in this 
region that herniations, abscesses, and fistulae tend to come 
to the surface.

MEDIAL CANTHAL LIGAMENT

The medial canthal ligament, when viewed from the anterior 
aspect, is a diamond-shaped fibrous band that is longer in its 
horizontal dimension. It has a superficial anterior limb with 
an average length of 11.7 mm and an average width of 
4.9 mm.7,8 It is attached to the frontal process of the maxilla 
just lateral to its suture, with the nasal bone behind the 
angular vein and the angular artery positioned more 

EYELIDS

The skin of the eyelids, at less than 1 mm thick, is the thinnest 
in the body3,4 and almost transparent. The skin over the 
medial canthal ligament is smooth and shiny, unlike the skin 
of the temporal eyelids. It is firmly attached to the underlying 
structures in this region and has very few hairs. The few that 
are present are fine and have only rudimentary sebaceous 
glands. In the medial part of the lower lid, bundles of muscle 
fibers fan out from the underlying preseptal muscle and insert 
directly into the skin, and they are responsible for the vertical 
wrinkles seen in this area (muscles of Merkel).5 There are no 
such muscle fibers in the upper lid.

The axis of the palpebral fissure is not horizontal; the 
lateral angle is about 2 mm above and behind the medial 
angle. An increase in the obliquity of the palpebral fissure is 
characteristic of Mongolian racial groups, as is a fold of skin 
passing from the medial end of the upper lid to the lower and 
obscuring the caruncle, a feature known as epicanthus. Epi-
canthus occurs in the human fetus but disappears with nasal 
development in whites. It persists in some cases of congenital 
ptosis.

The palpebral fissure at the lateral canthus is more acute 
than the medial counterpart, is 3.0 to 4.08 mm long, and is 
positioned directly against the globe. At the medial canthus, 
the fissure is more rounded; the lower margin is horizontal, 
and the upper passes downward and medially (Fig. 12-11). It 
is separated from the globe by a little recess, the lacus lacri-
malis. Within this is a yellowish elevation, the lacrimal car-
uncle, an area of skin containing modified sweat and 
sebaceous glands. Lateral to the caruncle is the plica semilu-
naris, a reddish, narrow, crescentic fold of conjunctiva lying 
vertically with its concavity facing laterally. It lies partly under 
cover of the caruncle, and its lower horn reaches to the middle 
of the lower fornix; the upper horn does not extend quite so 
far. This fold represents the third eyelid, or membrana nicti-
tans, of lower animals. The connective tissue stroma of the 
plica contains numerous vessels, a lobule of fat, and some 
muscle. Similar structures are found within the caruncle and 
arise from the medial capsulopalpebral muscle of Hesser, 
whereas some arise from the medial rectus.1

FIGURE 12-11  Superficial dissection of the ligament. The angular 
artery and fat have been removed to reveal the muscles and the extent 
of attachment of the ligament over the frontonasal buttress. 
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Historically, the eponym Horner’s muscle was applied to 
the muscularis orbicularis oculi pars lacrimalis or tensor 
tarsi, as described by William Edmonds Horner (1793-1853) 
in 1822.9,10 Reiffler11 showed that the muscle was first discov-
ered by Jacques Francois-Marie Duvernay approximately a 
century earlier. The first published description appeared in 
1730 in a manuscript by Johann Caspar Schobinger, one of 
Duvernay’s pupils,11 who credited Duvernay with the discov-
ery. The first published illustration of the muscularis orbicu-
laris oculi pars lacrimalis was in the second plate of the first 
atlas published by Duvernay in collaboration with the 
engraver Jacques-Fabian Gautier d’Agoty in 1745,12 in which 
Duvernay described the structure as “le petit muscle des 
paupières.”

Reconstruction of the medial canthal ligament remains a 
challenging clinical problem and is associated with a signifi-
cant failure rate.13 Debate continues about the best surgical 
method and techniques for its reconstruction.7,14-25 Much of 
this is probably related historically to a poor understanding 
of the anatomy and physiological function of this area, as 
demonstrated by the confusion about the nomenclature that 
was employed in the past. The structure has been referred to 
in the published literature by many names, including the 
medial canthal tendon, medial canthal ligament, tensor tarsi, 
medial palpebral tendon, and medial palpebral ligament. In 
their experimental work, Dagum et al.25 showed that the 
structure behaves biomechanically as a ligament and demon-
strated the extensibility and strain behavior that is typical of 
a ligament rather than of a tendon. Histologically, the struc-
ture is composed of fibrous tissue that is more characteristic 
of a ligament than a tendon, and it seems more appropriate 
to call the structure the medial canthal ligament.

Several modern contributions have been made to our 
understanding of the medial canthal ligament, many of them 
based on anatomical studies. Duke Elder published compre-
hensive descriptions of the anatomy and histology of the 
orbital region in 1931 and 1961.26,27 For many years, these 
remained the standard authoritative texts, and much of his 
work remains relevant today. Wolfe’s 1954 textbook6 contrib-
uted to our three-dimensional understanding of the ligament, 
but the meticulous dissections and precise descriptions of the 
anatomy by Jones remain outstanding references.28-32 In 1961, 
he published a paper that included photographs of his dissec-
tions, displaying the muscular origins of the medial canthal 
ligament.33 He described a deep head of the preseptal orbicu-
laris muscle,33 which was subsequently referred to as Jones’ 
muscle by Edelstein24 and others.

Edelstein postulated that the deep attachments of the orbi-
cularis muscle provide the major positional support for the 
eyelid medially and activate the lacrimal pump by generating 
negative pressure in the lacrimal sac during blinking. Edel-
stein said, “The primary functional support for the medial 
eyelid is from the deep attachments of the orbicularis muscle 
to the posterior lacrimal crest and lacrimal diaphragm.” This 
contradicts many earlier observations that the posterior com-
ponent of the ligament was thin and insignificant.

Robinson et al.8 dissected the medial canthal ligament in 
six cadavers and found it to be a band of fibrous tissue, which 
acts as an insertion for the orbicularis oculi muscle to the 
medial orbit, into the lacrimal bone and the frontal process 
of the maxilla. The most lateral parts of the medial canthal 
ligament act through the upper and lower palpebral 

medially. This anterior attachment extends laterally to the 
anterior lacrimal crest (Figs. 12-12 and 12-13). The area of 
this insertion averages 25.3 mm2. This forms an extensive 
attachment to the frontonasal buttress. The angular vein lies 
8 mm from the medial canthal apex. The extent of medial 
aspect of the ligament beyond the anterior lacrimal crest is 
demonstrated by the fact that the crest is only 2 to 3 mm from 
the medial commissure of the eyelids and lies just lateral to 
the canthal apex.

The medial canthal ligament may require reconstruction 
or replacement after nasoethmoid trauma, resection for neo-
plastic disease, congenital deformity, or detachment during 
craniofacial surgery. The anatomical arrangement of the indi-
vidual components is important to the functional role of the 
ligament and the cosmetic appearance of the face. An under-
standing of the three-dimensional arrangement is essential 
for satisfactory management of this region.

FIGURE 12-12  The major muscle components of the ligament are 
displayed. Riolan’s muscle and the strong attachment to the posterior 
lacrimal crest and medial orbital periosteum can be seen. 

FIGURE 12-13  The vertical component of the ligament can be seen 
lateral  to  the angular  vein.  The  inferior  orbicularis muscle  has been 
retracted medially  to show the orbital septum. The orbital  fat can be 
seen bulging forward from below. 
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horizontal plane, it makes the posterior attachment of the 
ligament strong and strengthens the whole structure. This 
observation emphasizes the importance of reconstructing the 
posterior attachment. Our current understanding of the 
anatomy and relationships of the medial canthal ligament is 
one of a complex, three-dimensional association between 
highly specialized structures.

Laterally, the ligament is attached to the tarsus through a 
small strip or bands of fibrous tissue. The pretarsal orbicularis 
runs superficial and deep to the canaliculi at the lid margin 
and is referred to as Riolan’s muscle.35 The superficial fibers 
form the anterior crus of the medial canthal ligament and 
insert into the frontal process of the maxilla and anterior 
lacrimal crest. The posterior crus or deeper limb of the pret-
arsal orbicularis arises from the posterior lacrimal crest and 
lacrimal bone behind the lacrimal sac.

The preseptal muscle forms the horizontal raphe. It decus-
sates to insert into the anterior and posterior limbs of the 
medial canthal ligament, sometimes referred to as Jones’ 
muscle and Horner’s muscle, respectively. The inferior part of 
the orbital orbicularis attaches medially to the lower border 
of the medial canthal ligament, the nasal part of the frontal 
bone, and the medial orbital margin inferiorly.35 The superior 
orbital orbicularis attaches to the medial canthal ligament, 
into the posterior lacrimal fascia,8 and into the upper half of 
the posterior lacrimal crest.7 A discrete vertical muscular 
component is inserted into the cephalic aspect of the medial 
canthal ligament and anterior aspect of the lacrimal fascia; it 
attaches superiorly to the frontal bone.20,34 This vertical stabi-
lizing muscular element is 1 to 2 mm thick and 5 to 7 mm 
long, and it lies just lateral to the angular vein. It is separated 
from the orbital part of the orbicularis by adipose tissue.

In the past, the deeper reflected part of the ligament was 
described as a thin fascial expansion,7,41 but it is now known 
to be a more substantial part of the ligament,8,23,33 having a 
thickness of 1 to 3.3 mm.7 It extends more posteriorly over 
the medial orbital wall as a thickening of the orbital perios-
teum.8 It is important for maintaining the medial aspect of 
the palpebral fissure close to the globe, and its position is 
significant for lacrimal drainage.23 The deep crus is a strong 
component of the ligament and the reason why a posterosu-
perior position has been advocated when reattaching or 
reconstructing the ligament.16,18 Behind the sac, the ligament 
attaches to the lacrimal fascia and the posterior lacrimal crest. 
The superior orbicularis muscle makes part of its insertion 
into the ligament and the posterior lacrimal fascia at this 
point. It runs posterosuperiorly behind the sac and behind 
the posterior aspect of the medial third of the superior 
canaliculus.

Behind the orbicularis lie the orbital septum and the check 
ligament of the medial rectus. The inferior oblique arises from 
the floor of the orbit just lateral to the lacrimal fossa. A few 
fibers take origin from the lacrimal fascia and the posterior 
lacrimal crest. Lockwood’s ligament is a fascial sling and an 
important component of the global support mechanism; it 
extends from the zygomatic bone in around the lateral 
canthus and the lateral check ligament. It inserts into the 
inferior border of the medial canthal ligament with the medial 
check ligament36 and inserts into the lacrimal bone at the 
posterior lacrimal crest.

The medial canthal ligament is a strong, interlocking, 
three-dimensional arrangement of many individual 

extensions, and they attach to the margins of the tarsal plates 
lateral to the caruncle. Medial to the caruncle, the ligament 
bifurcates into superficial anterior and deep posterior limbs. 
The investigators found the posterior limb difficult to define 
and suggested it consisted of lacrimal fascia, Horner’s muscle, 
and areolar tissue. They concluded that the posterior limb 
lacked strength because of its weak fibers and that the under-
lying bone was thin and incapable of providing solid 
anchorage.

In 1976, Warwick4 provided one of the most comprehen-
sive descriptions of the medial canthal region. He used many 
of Wolff ’s dissections and histological preparations, and he 
detailed the relationship of the ligament with the lacrimal 
system.

In a cadaveric study in 1977, Anderson34 demonstrated a 
superior branch of the medial canthal ligament that attaches 
to the periosteum of the frontal bone. He postulated that by 
attaching to the frontal bone, it gave additional support to the 
ligament when the anterior limb was accidentally or surgi-
cally detached (e.g., dacryocystorhinostomy). This vertical 
component had been demonstrated before and labeled as the 
corrugator superciliaris muscle,35 and it can be seen in the 
anatomical preparations by Jones,7 in which it is labeled as 
the superficial and deep origins of the upper part of the 
orbital muscle. It is clear that it attaches to the anterior aspect 
of the ligament and lacrimal fascia just posterior to the 
angular vein and lateral to the procerus muscle. These illus-
trations show that the muscle would lose its attachment to the 
medial canthal ligament when the anterior portion is resected 
and is therefore unlikely to be the sole reason for stability of 
the canthal ligament after disruption of the anterior limb.

In 1983, Zide et al.21 dissected 12 medial canthi in fresh 
human cadavers under magnification. They found that the 
medial canthus attached to the medial bony orbit in a tripar-
tite manner. The vertical and horizontal components com-
prise two parts, and the deep heads of the pretarsal and 
preseptal muscles arise from the posterior lacrimal crest as 
described by previous invesigators.5,23,34 However, they 
emphasize that the medial canthal ligament attaches far 
beyond the anterior lacrimal crest as depicted in most ana-
tomical texts. This gives support to the empirical observation 
by Converse et al.,16,18 made before this tripartite arrangement 
was widely known, that the optimal position for surgical 
replacement of the medial canthal ligament was posterior and 
superior to the insertion.

Manson et al.36 published an anatomical study of the 
region in 1986. They substantiated the gross anatomical find-
ings of the anterior limb described by previous investigators. 
They further described the association of the posterior liga-
mentous attachments to the medial check ligament, the 
medial horn of the levator aponeurosis as described by 
Koorneef  37,38 and to Lockwood’s ligament39,40 as they insert 
with the orbital septum into the lacrimal bone.

Ayliffe9 discussed the importance of the three-dimensional 
arrangement of the muscles that attach to the medial canthal 
ligament. He demonstrated the relative complexity of the pos-
terior components of the structure, particularly the posterior 
insertion of the superior orbital part of the orbicularis oculi, 
a previously undescribed arrangement. He demonstrated the 
thickening of the periosteum of the medial orbital wall, which 
reinforces the triangular nature of the ligament in the third 
dimension. By broadening the base of the triangle in the 
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FIGURE 12-14  Bone plating for a type I fracture. 

FIGURE 12-15  Bone grafting for a type II fracture. 

FIGURE 12-16  Canthopexy for a type III fracture. 

FIGURE 12-17  Lacrimal repair for a type IV fracture. 

FIGURE 12-18  Microplates  placed  through  a  coronal  incision 
provide good reduction and stability. 

components and structures. The skin over the lateral nose and 
eyelids is unique to this site in its structure and its relation-
ship with the underlying structures. The lacrimal drainage 
apparatus is intimately related to the ligament. The insertions 
of the many individual muscular components into the frontal 
process of the maxilla, those into the lacrimal bone, and their 
attachments and relationship with the ligament are complex. 
Lockwood’s suspensory ligament and the orbital and capsu-
lopalpebral fascia are important structures for support of the 
globe, and they are intimately related to the medial canthal 
ligament. All of the individual structures affect the overall 
integrity of the ligament. The complex, three-dimensional, 
interlocking, triangular arrangement of the muscular and 
ligamentous components described by Ayliffe9 gives the 
structure its strength. It is therefore not appropriate to dismiss 
any individual component as unimportant. Each component 
should be considered when dealing with the pathology and 
reconstruction of this region.

TREATMENT

Treatment should begin only when the surgeon has a clear 
understanding of the injuries and has a precise plan and 
objective based on findings from the clinical and radiological 
examinations. The plan must integrate surgery for the naso-
ethmoid fracture with treatment of any other facial injuries. 
Because these fractures are often part of panfacial fractures, 
the more peripheral facial injuries are treated first.

Classification of nasoethmoid injuries can be helpful in 
executing a coherent plan. A useful practical classification 
was published by Ayliffe.

• Type I: en bloc, minimally displaced fracture of the entire 
nasoethmoid complex (Fig. 12-14)

• Type II: en bloc, displaced fracture, usually associated with 
a large pneumatized sinus and minimal fragmentation 
(Fig. 12-15)

• Type III: comminuted fracture but canthal ligaments 
firmly attached with bone fragments that are big enough 
to plate (Fig. 12-16)

• Type IV: comminuted fracture with free canthal ligaments 
not large enough to capture by bone plating (Fig. 12-17)

• Type V: gross comminution needing bone grafting  
(Fig. 12-18)

The introduction of miniplates and microplates revolu-
tionized the treatment of these injuries. The principal benefit 
is the ability of the bone plate to provide three-dimensional 
stability to the fractures and maintain the projection of the 
nose.

The aims of treatment should be to restore normal anatomy 
and physiological function, particularly with respect to a 
patent functioning lacrimal system, and to prevent complica-
tions due to involvement of the frontal sinus and nasolacrimal 
duct. Symmetrical fixation of the bones, restoration of orbital 
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subperiosteal new bone formation in the postoperative 
period. In the canthal area, this can cause blunting of the 
canthal angle and the appearance of pseudotelecanthus. No 
individual approach fulfills all of these criteria. An existing 
laceration may be used, but this approach can cause contami-
nation. In these circumstances, surgery should be carried out 
as soon as the patient is fit for anesthesia.

Few skin incisions around the nose and forehead are sat-
isfactory. This is in marked contrast to the excellent cosmetic 
results and wide access produced by a coronal flap.42 The 
coronal approach has the advantage of providing access to 
harvest outer calvarial bone for primary reconstruction of 
bony deformities. Even with this flap, care must be taken to 
place it well into the hairline or as posteriorly as possible in 
male patients to avoid exposure of the scar if recession of the 
hairline occurs; incisions at the hairline leave unsatisfactory 
scars, particularly as the hair thins. A simple strip shave or 
no shave is required to make this incision. A full-head shave 
is not indicated or justified.

Reduction and Stabilization
Microplates can stabilize very small fragments and provide 
three-dimensional stability. Care must be taken to identify 
and stabilize bone fragments that have the canthi attached 
without stripping the medial canthal ligament from them. In 
cases of gross comminution or in patients who have a midline 
split of the nose, it may be helpful to place a plate over the 
bridge of the nose horizontally to pull the fragments into a 
sharp, narrow arch (Fig. 12-19).

Bone Grafting
Bone grafting is infrequently required, but in cases of gross 
comminution, particularly of structurally important bones, 
an immediate bone graft is indicated. It is critically important 
that both onlay grafts and any plates used to correct com-
minution of the nasal dorsum be contoured to reconstruct 
the frontonasal angle (Figs. 12-20 and 12-21).

volume, globe position, frontonasal angle, and nasal projec-
tion are essential for a satisfactory cosmetic outcome. Stable, 
symmetrical fixation of the canthus in three dimensions with 
good apposition of the eyelids against the ocular globe and a 
pleasant cosmetic curve to the medial canthal angle are essen-
tial for a satisfactory esthetic and functional result.

SURGICAL SEQUENCING

1. Determine access, and complete exposure
2. Reconstruct the cranial base, frontal bandeau, and outer 

orbital frame; manage the frontal sinus; and decompress 
the optic canal, if necessary

3. Address the frontonasal buttress and orbital rim. These 
fragments usually are easy to locate and reduce.

4. Reconstruct the nasal dorsum and restore the nasal pro-
jection, ideally by plating the bone fragments or using 
grafts that can be cantilevered from the glabella with 
miniplates. It is important to contour the frontonasal 
angle.

5. Reconstruct the medial orbits. When the nasoethmoid 
complex is disrupted in a patient with panfacial trauma, 
the projection of the face will be restored if surgical treat-
ment is sequenced correctly. After reconstruction of the 
mandible, zygomas, frontonasal buttress, and maxilla 
and location of the correct occlusion, the outer orbital 
frame will be correct, and it is only at this stage that the 
true nature and size of the medial orbital defect can be 
accurately assessed and reconstructed.

6. Assess and correct medial canthal ligament defects.
7. Assess and correct lacrimal system defects.
8. Close, and place a drain.
9. Consider secondary external support of the medial 

canthal ligament.
10. Apply nasal plaster.
11. Apply dressings and antibiotic eye drops.

HARD TISSUES

The principle is simple: Reduce and stabilize the fractured 
fragments to stable, normal bone.42 In practice, there is a 
significant difference between achieving this in a noncom-
minuted, minimally displaced fracture or a grossly com-
pound, comminuted “bag of bones” fracture. However, the 
best results are achieved for any fracture using the following 
principles:

1. Prompt treatment aids good reduction and reduces 
complications.

2. Good surgical exposure should be achieved through exist-
ing lacerations or a coronal flap, or both.

3. Bone fragments are reduced and stabilized with the use of 
small, low-profile osteosynthesis plates.

4. Immediate bone grafting may be indicated if there is gross 
comminution of key bone buttresses or the orbital walls.

Surgical Exposure and Access
The aims of surgical exposure are to explore the injuries to 
diagnose the nature of the injuries, expose all fracture sites, 
preserve all bone fragments, give access to reconstruct the 
area, and preserve function or esthetics. Excessive subperios-
teal dissection, especially in children, may lead to 

FIGURE 12-19  Bone  grafting  and  microplate  stabilization  of  a 
bone graft were needed because there was gross comminution. Access 
was gained through an existing laceration. 
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If bone grafting is to be delayed, the soft tissues may con-
tract, making later secondary grafting difficult and possibly 
leading to erosion through the tight skin. Unfortunately, these 
grossly comminuted fractures are often compound, making a 
less than ideal environment for immediate grafting.

SOfT TISSUES

Treatment of soft tissue injuries consists of several phases:

• Examination
• Débridement
• Management of specialized structures
• Closure, drainage, and dressings
• Postoperative care

Lacrimal Drainage System
Pure soft tissue damage to the lids may result in lacrimal 
system damage, particularly shearing injuries to the eyelids 
medial to the lacrimal puncta that may transect the canaliculi. 
Lacrimal damage is underdiagnosed in nasoethmoid trauma, 
with 3% to 18% of patients subsequently requiring dacryo-
cystorhinostomies. Careful exploration and suturing are 
required at the time of initial repair.

The vulnerable parts in lid lacerations are the canaliculi, 
particularly the short medial segment lying between the 
medial canthi before it enters the sac, because the lid margin 
is particularly vulnerable in this site. Careful approximation 
of the severed ends of the canaliculi should be performed, 
and the duct should be cannulated with fine-bore polyethyl-
ene or silicone tubes through the puncta along the length of 
the canaliculus into the lacrimal sac to prevent stenosis. 
Careful identification of both ends of the canaliculus is essen-
tial. The use of pigtail probes should be avoided in unicana-
licular injuries because this can damage the normal 
canaliculus. Repair of the canaliculus may be carried out sec-
ondarily with a dacryocystorhinostomy if necessary, but scar 
tissue and technical difficulties make this a difficult endeavor. 
The evidence suggests that primary repair leads to better 
results.

The whole lacrimal system, including the intrabony lacri-
mal sac and duct, are at risk in displaced nasoethmoid frac-
tures. In patients with bicanalicular lesions and gross 
disruption of the region, intubation of both puncta can be 
carried out, and the soft silicone tubes should be left in situ 
for at least 6 months.

Detached Medial Canthus
In cases of trauma to the nasoethmoid area, care must be 
taken to diagnose any damage to the canthi and lacrimal 
system. The nature of the reconstructive problem depends on 
the type of lesion. If the canthus is attached to a small frag-
ment of bone, it should be identified. With modern micro-
plates, it is possible to fix the bone fragment in its normal 
anatomical position, and this usually gives excellent and 
stable results, provided the fixation is solid enough.

The ligament is usually attached to a fragment of bone (see 
Fig. 12-21). The canthi rarely can be detached or avulsed from 
the bone, and this presents a difficult problem. Complete 
detachment is unusual in the absence of damage to the under-
lying bone or in the absence of penetrating injuries. One 
cause of complete detachment is careless surgical exploration, 

FIGURE 12-20  A,  Late  treatment  was  undertaken  with  a  bone 
graft.  B,  The  final  result  is  poor,  and  scarring  can  be  seen  on  the 
dorsum of the nose, which was caused by some skin breakdown over 
the  bone  graft.  This  case  illustrates  the  problems  of  late  secondary 
treatment. 

A

B

FIGURE 12-21  The canthal  ligament  is attached  to a small  frag-
ment of bone. Modern microplates allow even these small  fragments 
to be reduced and stabilized, avoiding much less successful treatments 
such as wire canthopexy. 
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to the globe and to restore a normal lacus. Failure to do this 
may lead to problems with lacrimal drainage and recurrent 
inflammation. Direct canthopexy may involve extensive sub-
periosteal stripping to attach the canthopexy plates.

In a case of true detachment, it is difficult to maintain the 
canthus. The fine wire very easily cuts through the delicate 
ligament, especially if edema puts any significant pressure on 
the repair or the treatment is delayed and undue strain is 
applied when tightening the wire. It may be helpful to support 
the canthal reattachment from the cutaneous surface. This 
can be carried out using a preformed, clear acrylic button 
(Fig. 12-22). The risk of this procedure is skin necrosis, but 
with clear acrylic, the status of the skin can be monitored.

PEDIATRIC CONSIDERATIONS

In children, the paranasal air sinuses may not be fully devel-
oped, and direct blows to the nasoethmoid region tend to 
concentrate the energy in the area of the primary force. This 
tends to cause gross comminution and collapse of the naso-
ethmoid region.

Before the frontal sinus has developed, dissemination of 
energy through the cranial base is different in children, and 
the fracture pattern consequently does not follow that of 
adults. The nasoethmoid fragment often is disrupted in con-
tinuity with the frontal bone in its entirety (Fig. 12-23) or 

which should be guarded against because subsequent identi-
fication and reattachment may be difficult and lead to disap-
pointing results.

When the ligament is detached from the bone, it can be 
located lateral to the lacrimal sac by passing a needle through 
the canthal angle and identifying the needle on the deep 
surface posterior to the lacrimal sac. A fine wire suture then 
is passed through the surface of the canthal ligament deep to 
the lacrimal canaliculi and sac. This wire is passed transna-
sally14 to the opposing canthus if it is attached or passed 
through a bony point on the other side of the nose. The wire 
is directed to pull the ligament medially and posteriorly. The 
use of tendon anchor screws can be considered, provided 
there is a large enough fragment of bone of sufficient strength 
in the appropriate position to fix the screw. In our experience, 
this leads to a sharp medial canthal angle, but this technique 
does have the advantage of making a posterior attachment 
easy to attain, and good positioning of the lid margin against 
the globe of the eye can be achieved. It also has the advantage 
of minimal subperiosteal dissection. The technique of trans-
nasal canthopexy is easily described, but those experienced 
in the procedure recognize its shortcomings.

After capture of the canthus, it may be possible to reduce 
and fix it directly to plates placed on the anterior and poste-
rior lacrimal crests. Direct canthopexy does give stable results, 
but it is important to position the attachment posteriorly 
enough to maintain the medial eyelid in close approximation 

FIGURE 12-22  A,  The  clear  acrylic  button  supports  the  wire 
canthopexy but  is not a  substitute  for wiring  if  there  is no bone  to 
plate.  Without  these  buttons,  the  wires  frequently  cut  through  the 
canthus. B,  Preoperative  appearance  of  a  late  presentation. C,  A 
satisfactory postoperative appearance is possible even for  late pre-
sentations. The enophthalmus is caused by a prosthetic globe. 

A B

C
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to fix the bony fragments; it is a particular problem in younger 
patients.

Lacerations resulting from the initial trauma will cause 
scarring. Sometimes, these lacerations can be used to give 
access to the fractures, but they rarely provide access to the 
whole complex and rarely allow for the complete manage-
ment of the injury. The use of lacerations in isolation usually 
leads to compromises in the surgical treatment of nasoeth-
moid fractures and to disappointing results. Few surgical 
incisions in the local area can give direct access to the more 
common nasoethmoid fractures, and they usually lead to 
conspicuous scars. Delayed surgery allows scarring to develop, 
impeding reduction of the fractures.

CONTROVERSIES

Two main areas of controversy are timing and reduction.

TIMING

Surgery on an established, partly healed fracture rarely pro-
duces a good result. The main problem is difficulty in mobi-
lizing the soft tissue and identifying soft tissue structures such 
as the canthal ligament and lacrimal drainage system. 
However, delay does allow the swelling to resolve. This is an 
entirely valid argument, because open reduction or place-
ment of incisions is less satisfactory in the presence of gross 
edema. Nerves may not be seen, and incisions on the skin 
may turn out to be poorly placed after the swelling resolves.

Other systemic factors, particularly head injuries, may 
preclude early surgery. A frontal injury is much more likely 
to be associated with a head injury than a mandibular injury. 
Unfortunately, there is no uniform international approach by 
neurosurgeons to early intervention for nonhead injuries. In 
some units, early intervention has been successfully under-
taken, but in most cases, neurosurgeons think early interven-
tion for non–life-threatening conditions poses a greater risk 
than benefit for the patient. Each case is addressed on its 
merits. In any event, resolution of edema and systemic stabil-
ity often follow the same time frame.

Timing of surgery is largely driven by events and is not 
negotiable. However, this does not justify the long delays that 
can occur, often because of poor communication between 
surgical teams. Long delays generate poor outcomes. In most 
cases, delays of up to 10 days do not significantly damage the 
final result.

REDUCTION

Arguments can be made for and against open reduction. 
Closed reduction is superficially attractive because it is quick 
and avoids skin incisions. The argument against closed reduc-
tion, which applies to the whole facial skeleton, is inadequate 
reduction and fixation, producing poor functional and 
esthetic outcomes.

These arguments are especially valid for surgery in the 
nasoethmoid and orbital regions. They are complex, three-
dimensional structures made of fine bones. In the nasoeth-
moid region, closed reduction means the use of large lead 
plates placed over the complex to squeeze the bones into the 
correct shape. The position can sometimes be improved by 

extends superiorly. In these cases, the nasoethmoid compo-
nent is rotated in the direction of the frontal bone. The whole 
complex needs to be fully exposed through a coronal 
approach, allowing the nature of the distortion to be accu-
rately diagnosed. It is often not possible to relocate the frag-
ment in its correct anatomical position because a small 
discrepancy in the frontal bone is magnified in the nasoeth-
moid region and distal nose. There is a risk of leaving the 
nasoethmoid fragment angled incorrectly. A better approach 
in these cases may be to formally osteotomize the nasoeth-
moid bone fragment from the frontal bone at the frontonasal 
suture and relocate and fix it formally after relocation of the 
frontal bandeau, taking care to maintain the frontonasal 
angle, nasal projection, and symmetry.

During direct canthopexy, extensive subperiosteal strip-
ping, particularly in children, may cause the deposition of 
subperiosteal new bone, leading to blunting of the canthal 
angle. In children, it is useful to provide secondary external 
support to the reconstruction to prevent canthal drift, and the 
acrylic buttons approximate the soft tissues and help to 
prevent subperiosteal new bone deposition.

OUTCOMES

There are few reviews comparing different methods of repair. 
Anosmia is a severely debilitating sequela of nasoethmoid 
trauma, and it can result from fractures in which there is 
gross comminution of the cranial base or severe posterior 
displacement of the nasoethmoid complex, causing shearing 
of the olfactory system. Inappropriate removal of bone frag-
ments or aggressive dissection to repair dural tears at the time 
of reconstruction can cause postoperative anosmia.

Late drift of the canthus can occur if the canthal-bearing 
bone fragment is not fixed properly or if the ligament is not 
captured or attached to the bone adequately in cases of com-
plete detachment. Subperiosteal new bone formation is a 
problem when it is necessary to strip the periosteum widely 

FIGURE 12-23  Computed  tomography  shows  extensive  involve-
ment of the frontal sinus. 
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running wires through the lead plates to pull the complex 
forward to an external fixator, such as a halo. In the rare case 
of an intact nasoethmoid complex that has been displaced en 
bloc, results may be satisfactory, but in most cases, this 
approach produces poor esthetic and functional outcomes.

Incisions in the face are needed for proper open reduction, 
but if well-placed coronal incisions are used, most nasoeth-
moid incisions can be easily reduced and fixed with no other 
incisions. This means that raising this flap must be executed 
with care and forethought. It must be placed high, especially 
in male patients, and with minimal damage to hair follicles. 
Most importantly, sensory and motor nerves must be seen, 
isolated, and protected from damage.

In summary, surgical delays of more than 10 days should 
be avoided, and the well-established open reduction and fixa-
tion approach should be adopted.
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The nose is the most prominent feature of the face and 
has little protection from trauma. It is the most easily 
fractured of the facial bones1 and, not surprisingly, the 

most commonly fractured.2 Fractures occur twice as often in 
men as in women and are often the result of automotive 
accidents, interpersonal violence, or sporting injuries. One 
report indicates that more than one third of nasal fractures 
are associated with alcohol use.2

Despite a relatively low incidence of facial fractures in 
children, an estimated 25% of nasal fractures occur in patients 
younger than 12 years of age.3 Fractures can occur in new-
borns due to malposition in utero and during birth, in infants 
and toddlers as a result of bumps and falls as they begin to 
crawl or walk, and in children and teenagers as they partici-
pate in competitive sports. Because the child’s nose is more 
cartilaginous than bony, fractures can be difficult to diagnose, 
and they frequently remain undiagnosed until a deformity 
develops with growth.

Repair of nasal fractures is a simple procedure,4 but it is 
associated with relatively high revision rates.5,6 Results of 
inappropriate treatment include cosmetic external deformity 
and internal nasal airway obstruction, with resultant snoring 
and sinusitis. Delayed or abnormal growth of the nose and 
midface and disturbance of the dentition can occur in 
children.

CLASSIfICATION

The type of nasal injury sustained depends on the age of the 
patient and the direction and intensity of the forces applied. 
Most nasal fractures in adults result from a lateral blunt force. 
Typically, the nasal bone and the frontal process of the maxilla 
are involved unilaterally (Fig. 13-1A). With greater force, 
bilateral displacement of the nasal bones is seen. Because the 
nasal bones increase in thickness from their inferior aspect 
upward toward the junction with the frontal process, most 
nasal fractures occur in the midsection below the thicker 
portion, with the base of the nasal pyramid remaining in situ. 
Frontal rather than lateral blows result in posterior displace-
ment or impaction of the nasal bones. The fracture line is 
located along the midsection (see Fig. 13-1B). More severe 
force disrupts the frontonasal suture, and as the impact force 
increases, nasal, orbital, and ethmoidal fractures occur in 
combination. In children, the relatively large amount 

of cartilage and open suture lines predisposes to an open 
book–type fracture, which results in a flattened appearance 
of the nose (see Fig. 13-1C). The bony component of these 
fractures is classified as type I (simple unilateral), type II 
(simple bilateral), and type III (comminuted unilateral, bilat-
eral, or frontal).5

The septal component, the most important but often undi-
agnosed feature, requires accurate reduction and alignment 
if secondary deformities are to be avoided.7 The septum tends 
to follow the displacement of the nasal bone fractures, and 
the nasal bones tend to unite in the direction of the deviated 
septum. The extent of the septal injury determines the appro-
priate technique for septal correction.5 Lateral force results in 
displacement or a low fracture of the septal cartilage from the 
maxillary crest, producing a partial or complete obstruction 
on one side of the nasal cavity. The fracture dislocation usually 
occurs along the vomerine groove (Fig. 13-2A). Greater force, 
particularly when associated with frontal impact, may exten-
sively fracture the septum in a more vertical direction through 
the thin central region of the quadrangular cartilage, which 
extends between the perpendicular plate of the ethmoid 
above and the upper edge of the vomer below5 (see Fig. 
13-2B). Most septal fractures result in some telescoping of the 
cartilages, loss of vertical central support, and widening of 
the base of the septum. The septal component of these frac-
tures is classified as type IV (nasal bone and septal disloca-
tion), which is subdivided into type IVa (associated with a 
septal hematoma) and type IVb (associated with an open 
nasal laceration).5

ASSESSMENT

Understanding the mechanism and direction of the forces 
involved should provide an accurate three-dimensional 
mental image of the disrupted nasal anatomy. Examination 
includes a visual assessment of the nasal deviation, location 
of any lacerations, and assessment of the degree of swelling 
and bruising. Palpation may reveal specific areas of tender-
ness, crepitus, or a bony step. Simple nasal fractures should 
be differentiated from more complex facial fractures. Complex 
nasal fractures predominantly involve extension of the frac-
ture into the nasoethmoidal complex. These fractures may be 
associated with much more serious complications, are more 
difficult to treat, and often are accompanied by other injuries, 
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septum (particularly at the posteroinferior junction with the 
perpendicular plate of the ethmoid), turbinates, and inferior 
meati. This examination may have to be delayed until the 
operating room. Airway patency is in part determined by the 
patient’s own assessment of his or her breathing before and 
after injury.

Radiographic examination, although routinely performed, 
is often of questionable value.8 Plain films are of little benefit 
other than for medicolegal reasons, because they are rarely 
helpful in determining the need for surgery or the type of 
surgical intervention required (Fig. 13-3A). A CT scan pro-
vides better information, particularly of the position of the 
septum and patency of the airway, but it is costly and does 
not replace a thorough history and physical examination, 
particularly if an endoscopic assessment is performed (see 
Fig. 13-3C).

MANAGEMENT

Not all nasal fractures require surgical manipulation. The 
main criteria for surgery are the obvious presence of or risk 
of later, cosmetic deformity and a functional (breathing) 
impairment that is not primarily caused by intranasal swell-
ing (mucosal edema or bruising) or retained blood. If either 
exists, surgery is justified, and it should be carried out as soon 
as the precise deformity is evident. The extent of the bony or 
cartilaginous deformity determines the appropriate treat-
ment. Murray et al.9 have described poor outcomes for the 
treatment of simple nasal fractures (albeit with a small 
number of patients returning for review), and they suggested 
that more aggressive treatment is indicated. In many cases 
with significant deviation of the septum (i.e., more than one 
half of the nostril width), small fractures occur in the septum 

such as head injuries. For example, after the nasoethmoidal 
complex is fractured, there may be detachment of the medial 
canthal ligament or fractures extending into the frontal sinus 
or cribriform plate. These fractures require assessment with 
computed tomography (CT) and treatment by open reduc-
tion. The intercanthal distance may be increased in severe 
injuries, indicating a more complex nasoethmoidal injury.

An intranasal examination to determine the status of the 
septum should be carried out under adequate lighting and 
using a nasal speculum. A septal hematoma requires immedi-
ate evacuation. Decongesting the nose with a topical decon-
gestant can be beneficial to the examination. A full endoscopic 
examination is advised for a complete assessment of the 

FIGURE 13-1  Nasal bone fracture patterns. A, Simple, unilateral 
fracture (type I). B, Comminuted, bilateral fracture (type III). C, Open 
book–type fracture (children). 

A

B
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FIGURE 13-2  Sagittal  views  of  nasal  septal  fracture  patterns. 
A, Fracture and dislocation of the septum from the maxillary crest typi-
cally  are  caused by  low-impact  forces. B,  Vertical  fractures  through 
the quadrangular plate typically are caused by higher-impact, particu-
larly frontal, forces. V, vomer; PPE, perpendicular plate of the ethmoid; 
QC, quadrangular cartilage. 

PPE

QC
V

PPE

QC
V

A

B
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FIGURE 13-4  Technique of bimanual closed reduction of nasal fractures. A, The straight elevator is 
used internally to push out or over the displaced nasal bone while the external fingers mold it into the 
proper position. B, Septal relocation is done by pushing the septum over and then immediately evaluat-
ing with a speculum. 

A B

A B

C
FIGURE 13-3  Radiographic assessment of nasal fractures. A and 
B,  Plain  radiographs  often  are  misleading  about  whether  a  nasal 
fracture exists and do not provide an assessment of the cartilaginous 
septum. C, Computed tomography offers a much better view of nasal 
anatomy, as can be seen in this axial view of a depressed, bilateral 
nasal bone fracture with a vertical septal  fracture, dislocation, and 
telescoping of the segments. 

close to the rigid support of the palatal groove. The investiga-
tors suggested a miniseptoplasty be carried out acutely to 
prevent late deformation of the septum at the fracture site. 
This study, like many posttraumatic reviews, had a low 
follow-up rate.

CLOSED REDUCTION

General anesthesia greatly facilitates a successful closed 
reduction. Although local anesthesia alone is often used, this 

practice seems unduly punitive to the patient, and it probably 
limits the thoroughness of the technique.10 I prefer to carry 
out the reduction under general anesthesia supplemented by 
a 4% solution of topical cocaine and an injectable solution of 
2% Xylocaine with 1 : 50,000 epinephrine.

The nasal bones usually can be manually manipulated 
back into a midline position. If required, depressed nasal 
fragments can be elevated using the Boies (straight) elevator 
internally and digital manipulation externally (Fig. 13-4). 
Minor dislocations of the septum along the vomerine groove 
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FIGURE 13-5  A 52-year-old woman sustained a type II nasal fracture caused by high frontal impact. 
A, One week after injury. B, One month after closed reduction. 

A B

FIGURE 13-6  A 30-year-old woman had a type III nasal fracture caused by domestic violence. A, 
One week after injury. B, Three months after closed reduction. 

A B

FIGURE 13-7  Management  of  the  septum  in  open  reduction. 
A,  Resection  of  the  inferior  end  of  the  cartilaginous  septum permits 
repositioning in the midline. B, More extensive cartilage resection can 
be done if necessary (although not preferred), but 1 cm of dorsal and 
caudal support must be maintained. 

A

B

can be reduced with the same instrument. Walsham forceps 
may be required for severe impactions as a method of grasp-
ing the septum and lifting. When using Walsham forceps to 
reposition the nasal bones, compression or crushing of the 
skin should be avoided. Support for the nasal bones and 
septum is usually provided by gel foam packing, which also 
aids hemostasis.

After reduction, the nose is taped and splinted for 1 week. 
A small piece of Telfa is placed in the nasal vestibule over-
night to absorb any drainage. Because of the well-documented 
reports of recurrent deviation after closed reduction, patients 
are followed closely for 1 year (Figs. 13-5 and 13-6).

OPEN REDUCTION

Open reduction is reserved for patients who have an unstable 
intraoperative result after closed reduction, have failed previ-
ous attempts at closed reduction, or have presented more 
than 4 weeks from the time of injury. The key to successful 
open reduction is management of the septum.7 Persistent 
deviation of the septum is the most common cause of mis-
alignment of the nasal bones.

The septum is approached through a hemitransfixion inci-
sion. A mucoperichondrial flap is usually elevated on one side 
of the septum only, but both sides can be raised if necessary. 
The cartilage segments are repositioned, with resection done 
only if it aids the repositioning of the remaining fragments. 
When the quadrangular cartilage is dislocated from the max-
illary crest, removal of an inferior strip of cartilage may be 
necessary to permit reduction (Fig. 13-7A). In common with 
the traditional septoplasty, at least 1 cm of cartilage must be 
preserved along the caudal border and dorsum for adequate 
support (see Fig. 13-7B). Bent cartilage may be crosshatched 
on the concave side to aid straightening. Caudal septal dislo-
cations are fixed to the anterior nasal spine with a permanent 
figure-of-eight suture. When the septum is fractured and 
unstable, an internal straight splint composed of resorbable 
polymers may be placed submucosally on one side of the 
septum and the overlying mucosa repositioned and adapted 
by sewing through it.11 More commonly, the cartilage is 

secured into position, and the mucosal flaps are adapted with 
through-and-through sutures of 4-0 plain gut on a straight 
needle. If the mucosa is significantly torn, Silastic splints  
are placed on each side and sewn into place for support  
(Fig. 13-8).

Open reduction of the nasal bones is usually carried out 
after the septal support is reestablished through an 
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intercartilaginous incision. Lateral and, if necessary, medial 
osteotomies are performed to facilitate the reduction of the 
fracture. Appropriate reduction of the bones usually corrects 
any deformities of the tip or supratip cartilages. Dressings are 
applied and follow-up is carried out as for closed reductions 
(Fig. 13-9).

The treatment of nasal fractures in children is different 
from that in adults. Because unrecognized injuries can result 
in nasal and midface deformities later in life, accurate diag-
nosis and treatment remain important. Care must be taken 
to avoid damage to the growth centers. Because these injuries 
are often greenstick fractures, the use of closed reduction 
techniques is effective in most cases (Fig. 13-10). When 

FIGURE 13-8  Septal support techniques in open reductions. A, An 
internal rigid splint composed of resorbable polymers can be placed 
directly against  the cartilage and secured  into position with external 
transmucosal sutures. B, Through-and-through sutures coapt the mucosa 
to  the  septum and provide  structural  support. C, When  the  external 
mucosa  is severely  torn, extramucosal  internal Silastic splints can be 
bilaterally placed and sutured into position. 

A

B

C

FIGURE 13-9  A  30-year-old  man  had  a  nasal  fracture  that  was  treated  with  open  reduction. 
A, Preoperative status. B, Result 6 months postoperatively. 

A B

FIGURE 13-10  A 5-year-old girl had a nasal  fracture caused by 
a bicycle accident. A, Preoperative status. B, Preoperative plain radio-
graph. C, Result 3 months postoperatively. 

A

B

C
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INfECTION

Infection is uncommon. Prophylactic antibiotics are routinely 
given, although their benefit is often debated. A septal abscess 
requires drainage and additional antibiotics. Osteitis of the 
nasal bones, which is rare, requires bony débridement and 
intravenous antibiotics.

SYNECHIAE

Synechiae can result from lacerations of the nasal mucosa. 
This problem can most often be treated under local anesthesia 
by incising the scar band and placing packing between the 
septum and the lateral nasal wall.

REVISION SURGERY

Posttraumatic rhinoplasty can have a poor outcome. Careful 
patient selection is needed to ensure growth has ceased and 
lifestyle changes have occurred so that further trauma will not 
take place. This is topic discussed in more detail in Chapter 
26 of this text.

FIGURE 13-11  A 10-year-old boy had a nasal fracture caused by 
a sporting accident. A, Preoperative status. B, Result 6 weeks postop-
eratively after open reduction with no cartilage resection. 

A

B

required, open reduction is performed but without removal 
of bone or cartilage (Fig. 13-11).

OUTCOMES

Treatment of the relatively simple nasal fracture is perceived 
to be highly successful, but postoperative results often are 
disappointing. The need for revision is historically high, 
ranging from 10% to 50% in reported series. Using the 
approaches previously described, the need for revision in the 
more severe type III fractures should not exceed 10% to 20%. 
Results obtained for treatment of type I and II fractures 
should include no more than a 10% revision rate.2,5

COMPLICATIONS

Closed and open reductions of nasal fractures are associated 
with few complications.

EPISTAXIS

Epistaxis can occur but is usually controlled with conserva-
tive measures, including upright positioning, mild sedation, 
and topical vasoconstrictive agents. Packing can dislocate the 
reduction and should be used only as a last resort.

SEPTAL HEMATOMA

Septal hematomas can occur at the time of injury or after 
reduction. Unrecognized septal hematomas can lead to 
necrosis of the cartilage and occasionally to saddling of the 
middle third of the nose in severe cases. Immediate evacua-
tion is always indicated.

KEY POINTS
Nasal fractures are the most common facial bone injury. Despite perceptions that 
they are relatively easy to treat, revision frequently is needed because of second-
ary deformity. These poor outcomes can be improved by careful assessment of 
the injury, an understanding of the underlying bony or cartilaginous deformity 
(including the important role of the septum), and proactive, and in appropriate 
cases more aggressive open, treatment to produce the best cosmetic and func-
tional outcomes.
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In 1968, Rowe and Killey,1 in the second edition of their 
text on facial fractures, distilled the experience of half a 
century in the management of facial trauma. The lessons 

came primarily from an unforgiving teacher—the theater of 
war. What evolved from this experience was a management 
protocol that was safe and provided resource-efficient treat-
ment. The largely closed treatment techniques allowed a 
return to satisfactory function for most patients. Persistent 
deformity in many was accepted.

The last 4 decades of relative peace and prosperity for 
much of the developed world have seen major developments 
in the field of facial trauma, with advances in resuscitation 
techniques, imaging, other diagnostic tools, anesthesia, and 
instrumentation. Concomitantly, there has occurred an 
increase in the available resources to manage the trauma that 
occurs in peacetime. Innovative surgeons have exploited 
these changes in an attempt to achieve much improved results 
in facial form and function after trauma. A paradigm shift 
has occurred, with the emphasis now placed on adequate 
exposure with precise, usually “open”, reduction and fixation 
of fractured segments. The direct antecedent of this change 
was the experience gained in the management of craniofacial 
deformity through wide exposure and osteotomy with direct 
osteosynthesis of mobilized fragments.2 At the same time and 
in part as a result of these advances, patient expectations have 
also steadily risen.

We believe there has been a steady improvement in 
outcome; however, validation of this belief with objective data 
has not always been achieved. What has emerged is a treat-
ment protocol that aims to deliver excellent results but is 
resource expensive. However, the techniques learned in the 
preceding era must not be lost, because it is evident from the 
experience of current conflicts that those techniques will still 
be required in some form by today’s and tomorrow’s 
surgeons.

This chapter presents a management protocol that is appli-
cable to civilian peacetime practice, where considerable 
resources are available and can be brought to bear on the 
management of relatively small numbers of individuals at any 
one time.

CLASSIfICATION Of MIDfACE fRACTURES  
AND OUTCOMES

Le Fort’s 1901 classic treatise describing experimentally 
induced midfacial fracture patterns has remained in use for 
more than a century and continues to have utility (Fig. 14-1). 
However, a satisfactory classification schema should accu-
rately describe the major clinical features present and allow 
the stratification of patients presenting according to severity, 
for the purposes of measuring outcome. Le Fort’s simple  
classification has important deficiencies in both respects. It 
fails to adequately account for fractures at multiple levels—
including asymmetrical fracture patterns, separation of major 
fragments, comminution of vulnerable areas, concurrent 
anterior cranial fossa (ACF) and mandibular fractures.3 All 
of these features have a bearing on management protocols 
and outcome and are seen in many cases of panfacial trauma 
(see Fig. 14-1C).

A number of workers have made useful contributions in 
an attempt to provide more comprehensive classification 
systems for the mid and upper face. Developments in the 
1980s incorporated and recognized the significance of sagittal 
palatal fractures,4 naso-orbitoethmoid comminution,5 and 
involvement of the ACF.6 In addition, varying degrees of 
zygomatic complex involvement have been classified, as have 
frontal injuries. These descriptions have the virtue of being 
clinically significant, with classification of fractures of each of 
the major midfacial subunits facilitating communication 
among clinicians and planning of surgical intervention. 
However, if several subunits are involved, it is descriptively 
cumbersome. For example, a patient with a frontal sinus frac-
ture, a naso-orbitoethmoidal fracture with traumatic telecan-
thus, pyramidal maxillary fracture, and displaced zygomatic 
complex would have a number of different classification 
labels applied.

Guerrissi devised a maxillofacial trauma scoring system 
that aims to identify patients with potentially life-threatening 
maxillofacial injuries, allowing appropriate triage as well as 
quantifying the severity of facial injuries for the purpose of 
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facial fracture score demonstrated a strong correlation with 
complications or adverse sequelae.

Although it is hardly surprising that greater degrees of 
facial disruption are associated with less favorable outcomes, 
the strong correlation coefficient suggests that Cooter and 
David’s method provides a useful objective stratification 
instrument. Accurate stratification of the severity of injury 
allows comparison of outcomes among centers even if varia-
tions exist in treatment methodology. Moreover, the pattern 
of adverse results observed in this study is revealing. Most of 
the posttreatment problems were seen in the orbital region 
(20% of patients) and principally comprised enophthalmos, 
orbital dystopia, and canthal deformities. Eight percent of the 
patients had occlusal abnormalities after treatment, 8% had 
nasal problems, and wound and implant-related problems 
occurred in 9%. The overall adverse sequelae rate was 36% in 
this group of patients who, for the most part, had sustained 
high-energy injuries. These data, from a major craniofacial 
surgical center, emphasize that residual deformity after treat-
ment of midfacial trauma of more than moderate severity is 
commonplace.

stratification according to functional and esthetic impact.7 
This scoring system has the disadvantage of being descriptive 
of both bony injuries and soft tissue injuries, which can lead 
to potential difficulties with interpretation. Furthermore, it 
has not, to our knowledge, been validated in a prospective 
study.

More recently, comprehensive scoring systems8 applicable 
to facial trauma have been described, some with validation of 
the proposed system9 for reproducibility and correlation with 
complexity of injury. As might be expected, the more severe 
the scores, the worse the degree of injury; none of these 
scoring systems can accurately predict outcome from a func-
tional or esthetic point of view.

An alphanumeric scoring system has been devised by 
Cooter and David, and a prospective evaluation of this 
method has been reported.3 This instrument expresses the 
degree of facial disruption as a percentage. The authors claim 
that it offers a detailed analysis of fracture pattern and accu-
rately represents the severity of bony injuries. That contention 
is supported by the published data. In 100 patients studied 
prospectively, both the maxillary fracture score and the total 

FIGURE 14-1  A and B, Le Fort’s 1901 description of experimentally induced 
midfacial fractures: Le Fort I (black line), Le Fort II (red line), and Le Fort III (green 
dashes).  C,  Compliacted  fracture  patterns  that  are  often  seen  in  panfacial 
trauma. 

A B

C
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communication, humidification) imply a diverse range of 
potential problems, making the development of good outcome 
measures difficult. Nevertheless, just as fracture configura-
tions tend to follow certain patterns, so do adverse outcomes. 
Advances in the measurement of esthetic results in other areas 
of facial surgery13,14 have emerged following the advent of 
three-dimensional (3-D) and four-dimensional facial imaging 
modalities. These techniques are applicable to the assessment 
of esthetic and functional outcomes in trauma cases.

Much of the perceived disfigurement after facial injury is 
a consequence of asymmetry, which should be quantifiable 
with digitization of facial form and the use of software algo-
rithms. There are obstacles to the development of such a tool. 
For example, all individuals have some degree of facial asym-
metry, and this cannot be controlled for. It seems probable, 
however, that asymmetry in some facial subunits has a dis-
proportionate effect in producing perceived disfigurement.

Refinements in technique to produce improved outcomes 
demand that we look critically and carefully at results and 
further develop objective outcome measures despite the 
obstacles that exist.

ASSESSMENT

The initial assessment of the patient presenting with panfacial 
and maxillary fractures is no different from that for any other 
trauma patient and should follow principles of Advanced 
Trauma Life Support. Compared with isolated injuries 

A publication from two major North American centers 
also found worse outcomes with respect to physical problems 
and psychosocial well-being in patients with severe midface 
injuries. Patients with severe midface disruption were com-
pared to patients with less severe facial disruption and with 
a second control group of patients who had sustained injuries 
other than to the facial region.10 Specifically excluded from 
all three groups were individuals with severe brain injury, 
spinal cord injury, major burns, or an extremity requiring 
amputation. Only 55% of those subjects with more severe Le 
Fort–type fractures returned to work, compared with 70% of 
those with less severe midface fractures and those in the age- 
and sex-matched group with general injuries.

There was a 23% incidence of persistent diplopia (minimum 
follow-up, 18 months) after Le Fort–type fractures, similar to 
the 20% incidence of diplopia reported after midface fracture 
in a sample of 363 patients from the West of Scotland.11 In 
the American study, 35% of patients reported epiphora, and 
the prevalence of this problem increased with severity of 
facial injury. Difficulty with mastication was reported in 31% 
(trismus, malocclusion, pain, residual nerve injury). Subjec-
tively reported altered smell and taste occurred in 35%, and 
one third of patients reported persistent areas of facial numb-
ness. This work emphasizes that the functional and psycho-
social costs of midfacial injuries are high. Minimizing 
long-term disability requires early intervention of the highest 
standard and follow-up care that seeks to rectify remediable 
problems, together with appropriate referrals to other health 
care professionals when necessary.

Haug et al.12 also reported that more superior levels of 
midfacial fracture resulted in a higher incidence of adverse 
sequelae. Their study sought, retrospectively, to compare 
largely closed management of maxillary fractures with open 
reduction and internal fixation, using the rate of complica-
tions and of adverse sequelae as the outcome measure. No 
difference was observed between the groups, and the authors 
concluded that, “given the advantage of airway protection, 
enhanced nutrition, and a more rapid return to pretraumatic 
functioning, open reduction with rigid internal fixation may 
be the preferred modality of treatment.”12

The lack of a demonstrable benefit from techniques that 
employ wide exposure and direct fixation in Haug’s study is 
disappointing and surprising. It is clear that less invasive 
management strategies leave substantial fragments malposi-
tioned (Fig. 14-2), and it has been assumed that more precise 
reduction and fixation would lead to improved outcomes. 
There are two possible explanations. Either the method of 
outcome measurement was insufficiently sensitive to detect a 
difference, or the extended exposure required to effect precise 
reduction and fixation of all fragments was associated with 
adverse effects, nullifying a potential benefit. These explana-
tions are not mutually exclusive, but it is our belief that the 
former is the more significant factor.

What is currently lacking are objective methods by which 
to assess both functional and esthetic outcomes. Measure-
ment of complication rates and the requirement for revisional 
surgery provides only limited information. Adverse outcomes 
vary from the trivial and transitory to the functionally and 
esthetically disabling, and thresholds for revision procedures 
vary widely among patients and among surgeons.

The diverse functions performed by the facial region  
(e.g., special senses, mastication, verbal and nonverbal 

FIGURE 14-2  Three-dimensional  reconstructed  computed  tomo-
gram after  anterior  cranial  fossa  repair  and  fixation  of  the midface 
with internal suspension wires and intermaxillary fixation as an interim 
measure. Notice the substantial residual malposition of major midface 
fragments. (Courtesy of R. Schmelzeisen, Professor and Medical Direc-
tor, Department of Maxillofacial and Oral Surgery, Albert-Ludwigs-
University, Freiburg, Germany.)
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localized to the craniomaxillofacial region, the greater energy 
imparted in producing panfacial trauma implies a higher 
probability of associated injury, particular to the brain and 
cervical spine.

In the primary survey of a patient with panfacial trauma, 
the airway may well be compromised by orofacial hemor-
rhage and require active management, or the patient may be 
obtunded with a decreased Glasgow Coma Scale (GCS) score. 
The potential for concomitant cervical spine injury in panfa-
cial trauma should be remembered. Problems with breathing 
not related to loss of the airway are uncommon but can occur 
as a result of foreign bodies (e.g., avulsed teeth, fractured 
dentures).

Hemorrhage from panfacial trauma does not usually result 
in cardiovascular compromise unless it is very profuse or has 
been on going for a considerable time. Any orofacial hemor-
rhage should be arrested and can usually be controlled with 
the application of direct or indirect pressure. It is always wise 
to presume that cardiovascular compromise in the patient 
with panfacial trauma is related to a source other than orofa-
cial blood loss unless other causes have been ruled out. Many 
patients with panfacial injury have some degree of head 
injury that requires appropriate management.

When assessing the patient with a panfacial injury after 
completion of the primary survey, it is prudent for the maxil-
lofacial surgeon to consider the following questions:

1. Is there an actual or potential airway problem?
2. Is there ongoing hemorrhage?
3. What is the nature and likely outcome of any accompany-

ing head injury?
4. Has a cervical spine injury been diagnosed or definitively 

excluded?
5. Is there an occult life-threatening injury not detected on 

primary and secondary survey (i.e., is further investigation 
or consultation required)? A further comprehensive,  
top-to-toe evaluation is a prudent measure in the 48- 
hour period after admission and before any major 
intervention.

6. What is the precise extent, location, and nature of all inju-
ries to the craniomaxillofacial region?

7. Are there non–life-threatening injuries present that require 
management by other specialties?

8. Is there any comorbidity that will affect treatment and 
subsequent rehabilitation?

What follows is primarily a discussion of question 6—the 
extent, location, and nature of injuries to the facial region—
but all the questions listed require an answer in the planning 
of definitive management. Not only the necessity but also the 
urgency of liaison with additional specialties such as neuro-
surgery, ophthalmology, vascular surgery, interventional 
radiology, and orthopedics requires careful consideration 
based on timely, detailed, and repeated assessment. Early 
involvement of the required teams and good communication 
serve to minimize delays and optimize treatment.

The full assessment begins with a detailed history of the 
injury. This should be taken from the patient, if possible, 
or from eye witnesses, ambulance personnel, or other emer-
gency team staff. The object of the detailed history taking 
is to clearly define the mechanism of injury so as to gain 
an appreciation of the energy involved. This indicates the 

probable extent of the facial injuries, and highlights prob-
able associated injuries. A past medical history is important 
with regard to any intervention, and in the multiply injured 
patient it is often necessary to obtain this history from 
relatives.

A detailed craniofacial examination should take place as 
soon as practicable after the patient is admitted. All findings 
must be described in detail, and diagrams are very useful. A 
thorough inspection should identify lacerations, incised 
wounds, abrasions, and contusions. These should all be exam-
ined carefully with consideration to underlying structures 
that may be damaged, particularly the seventh cranial nerve. 
During inspection, consideration should be given to the pos-
sibility of a cerebrosponal fluid (CSF) leak. The bony struc-
tures should be palpated for contour, steps, and mobility. The 
eyes should be examined in detail, including fundoscopy. 
However, dilatation of the pupils should be carried out only 
after discussion with the neurosurgical service. The ears 
should be examined, and blood behind the tympanic mem-
brane, tympanic perforations, and external auditory canal 
tears should be noted.

The history and clinical examination guide the use of 
further investigations. Plain radiographs taken under less 
than ideal circumstances are usually noncontributory. Fur-
thermore, plain film images frequently fail to provide suffi-
ciently detailed information regarding the nature and extent 
of skull base fractures, orbital wall injuries, pterygoid plate 
fractures, and sagittal fractures of the maxilla and condylar 
process of the mandible. Computed tomographic (CT) scan-
ning is the major diagnostic investigation, with multiplanar 
and 3-D reconstruction and manipulation of the images on 
the radiology department workstations or on the surgeon’s 
own Picture Archiving and Communication System (PACS) 
being necessary to get the best detail from the information 
available.

Interpretation of CT scans is first directed toward deter-
mining the presence, extent, and location of skull base 
involvement, as well as underlying brain parenchymal injury 
and intracranial hemorrhage. The axial images reveal the pos-
terior wall in frontal sinus fractures. The cribriform plate 
region is often more clearly seen on coronal images, and the 
orbital roof region is well visualized in axial, coronal, and 
sagittal planes. Fractures detected in the ACF are often associ-
ated with dural tears that communicate with the upper airway. 
Meningitis is a short- and longer-term risk, although this is 
not well quantified. ACF repair is frequently indicated, with 
varying thresholds across neurosurgical units. However,  
consultation is always indicated in the presence of such 
injuries.

The scans of the middle cranial fossa are next scrutinized. 
Here, we pay particular attention to the greater wing of 
the sphenoid in the lateral orbit. If facial fractures extend 
in continuity with the middle cranial fossa, mobilization 
and reduction of anterior zygomatico-orbital segments risks 
production or exacerbation of intracranial hemorrhage, dural 
tears, and direct brain injury (Fig. 14-3). Fractures involving 
the orbital apex with potential involvement of the optic 
foramen are occasionally seen. In the presence of a trau-
matic optic neuropathy accompanying such injuries, high-
dose steroids are recommended. Other workers perform 
optic nerve decompression procedures in addition (see 
Chapter 10).



232 C HA P T E R 14 Maxillary and Panfacial Fractures

models allows assessment of the occlusion and enables the 
construction of custom-made arch bars and an acrylic inter-
occlusal wafer. It is often necessary to section the models, 
mimicking the fractures, to allow for an accurate reduction. 
The inspection of wear facets and the use of pre-injury pho-
tographs and orthodontic casts (if available) aid the correct 
reestablishment of the dental occlusion.

Once the full assessment and targeted investigations have 
been performed, the following key questions can be answered 
and, particularly for more complex injuries, a planning 
meeting for the surgical team convened to formulate an indi-
vidualized operative strategy. These can be prolonged proce-
dures, and planning optimizes efficiency with respect to both 
intraoperative decision making and allocation of resources. 
Treatment planning should considered.

1. What is the current airway, and what sort of airway is 
required for the planned proceedure?

2. What is the extent of the bony skeletal injury?
• Is the ACF involved?
• Is the frontal sinus involved? If so, is there evidence of 

nasofrontal outflow tract injury and, in particular, 
obstruction?

• What is the extent of naso-orbitoethmoidal injuries?
• What is the extent of malar-orbital injuries, particularly 

of the medial orbital wall?
• What is the extent and type of maxillary injuries?

There is little information that cannot be obtained from a 
careful scrutiny of the axial, coronal, and sagittal images (Fig. 
14-4). That said, 3-D CT reconstructions have a role to play 
in the assessment of facial injuries, because they give a good 
overview of the injury and make visualization of the relation-
ships of the various fragments easier. However, care needs to 
be taken in their interpretation, because interpolation of data 
among images can lead to underestimation of the true extent 
of injury. Three-dimensional imaging is particularly helpful 
in the visualization of fracture patterns and displacement of 
condylar fractures (Fig. 14-5).

Angiography is not often necessary but can be used both 
diagnostically and therapeutically. Penetrating wounds can 
cause injury to important vessels, and angiography should be 
considered (Fig. 14-6). Interventional techniques are used 
when other measures to arrest hemorrhage have not been, or 
are not likely to be, successful (Fig. 14-7).

The use of evoked responses, particularly to assess the 
optic pathway, has been advocated, but at present this type of 
investigation is a research tool. In the future it may have a 
greater role in assessment of the optic pathway in the uncon-
scious patient.

A full dental assessment is important and can be under-
taken clincally in all cases. If the patient can cooperate, an 
orthopantomogram (OPG) is helpful. If there are dento-
alveolar fractures or other factors that make the establish-
ment of the pre-injury occlusion difficult, the use of dental 

FIGURE 14-3  A and B, Computed tomograpnic (CT) axial scans demonstrate craniofacial fractures 
involving  the  right  lateral  orbit  extending  to  the  orbital  apex.  There  is  a  small  associated  extradural 
hemorrhage, and a traumatic optic neuropathy was present. Neurosurgical intervention was not required. 
The traumatic optic neuropathy was managed with high-dose corticosteroids with subsequent improve-
ment in visual acuity. Associated mandibular fractures were managed operatively. In this circumstance, 
the displaced zygomatico-orbital complex was not treated as part of the primary management. Because 
of  the risks associated with mobilization of  the zygomatico-orbital complex,  this  is one of  the  few cir-
cumstances in which secondary delayed management with osteotomy and bone grafting is advocated. 
This case  illustrates  the  importance of CT  imaging  in delineating  the  relationships of  facial  injuries  to 
possible injuries in the skull base. 

A B
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• sequencing of repair
• bone graft donor sites
• soft tissue repair and reconstruction

The need for any particular equipment (e.g., preformed 
orbital plates, canthal tendon wires) must be anticipated and 
access to it assured.

These aspects must be considered in relation to the general 
state of the patient with particular reference to the current 
and anticipated respiratory status, cardiovascular status, 
nutritional state, coexisting injury, and comorbid disease.

OPERATIVE STRATEGY: STATE-Of-THE-ART 
MANAGEMENT

MANAGEMENT PRINCIPLES

Restoring pre-injury form and function to the facial region 
requires precise anatomic reconstitution of the craniofacial 
skeleton and overlying soft tissue drape. The cranial cavity 
must be sealed off from the upper aerodigestive tract,  
preventing subsequent infection. Orbital volume 

• What is the extent and type of mandibular injuries 
(particularly condylar injuries)?

• Is there any bone loss (either absolute or effective)?
3. What is the extent of any soft tissue injury?

• What is the extent and type of lacerations?
• Is there any tissue loss?
• Is there any injury to cranial nerves?
• Is there any injury to the globe or optic tract?

4. Is there an actual or potential cervical spine injury?
5. Is there potential for exacerbation of a coexisting head 

injury?
6. Is there any potential vascular injury?
7. What other injuries exist, and how do plans for their man-

agement affect our planning?
8. If injuries are unilateral, can intraoperative navigational 

techniques be employed to assess the bony reductions?

The main aspects of the formulated management plan 
should be

• timing of the interventions
• airway management
• surgical access

FIGURE 14-4  A through C, Careful clinical examination and scrutiny of axial, coronal, and saggital 
computed tomographic images provides as much information as three-dimensional reformatted images, 
often with more detail (D). 

C

BA

D



234 C HA P T E R 14 Maxillary and Panfacial Fractures

and configuration must be restored, providing support and 
projection to the globes and supporting structures. The form 
of the external nose is restored, and an unimpeded nasal 
airway is reestablished. Correct jaw relationships are reestab-
lished and maintained with a precise restoration of the pre-
existing dental occlusion. The form of the face is restored in 
three-dimensional space (i.e., width, anteroposterior projec-
tion, and vertical height). The soft tissue drape of the face 
must be supported in its pre-injury location before scar devel-
opment and maturation lead to soft tissue shrinkage. It is the 
secondary alteration in the character of soft tissues that so 
often frustrates secondary attempts to correct posttraumatic 
deformity. Primary repair represents the best opportunity to 
restore form and function.

Achieving these goals requires appropriate surgical access 
to, and exposure of, the craniofacial skeleton. All fractures are 
exposed directly, allowing accurate assessment of the degree 
of bony comminution and displacement. Failure to achieve 
direct visualization of all fractures and bone segments is a 
common reason for persistent deformity.15 This problem par-
ticularly applies in the orbital and nasoethmoidal regions, 
where procedures are performed through small incisions  
in patients who have a comminuted fracture pattern. 

FIGURE 14-5  Subcondylar  fractures  of  the  mandible  are  better 
visualized  in  three-dimensional  reformatted  images  compared  with 
axial scans. 

FIGURE 14-6  A, Patient with knife in face. It is not possible to see the relationship to vessels from 
plain views. Angiography helps determine these relationships (B and C). 

C

BA



235OPERATIVE STRATEGY: STATE-Of-THE-ART MANAGEMENT

major, zygomaticus minor, levator labii superioris, levator 
labii alaeque nasi) arise from the periosteum in the infraor-
bital region. Detachment of periosteum in this area allows its 
descent along with the origin of these muscles of facial expres-
sion. Unless this is reattached, thinning in the infraorbital 
region is seen, with a corresponding fullness of the nasolabial 
fold. This may also contribute to the lower eyelid retraction 
and scleral show sometimes seen after fixation of fractures of 
the infraorbital rim via a lower eyelid approach.

In the temporal region, a further system of adhesions 
exists supporting the superficial musculo-aponeurotic system 
(SMAS). Loss of support and descent of the SMAS may con-
tribute to, and accentuate, the temporal hollowing seen after 
coronal flap access to the upper and midface skeleton. It is 
probable, however, that much of this hollowing is a conse-
quence of ischemic atrophy of the fat pad that lies between 
the leaves of deep temporal fascia above the zygomatic arch. 
This fat is perfused by the middle temporal artery, a branch 
of the superficial temporal artery, which is susceptible to 
injury during dissection to expose the zygomatic arch.

Management of the soft tissue drape after treatment of 
facial fractures has received insufficient attention in the litera-
ture, with some notable exceptions.17 We do not have clear 
answers to all of these soft tissue drape problems but seek here 
to give them their deserved attention and to describe some 
practical solutions we have adopted in attempting to restore 
proper facial soft tissue support.

Comminuted fractures in this region are an indication for the 
wider exposure afforded by a coronal flap, usually in combi-
nation with a lower eyelid access incision. Once the fracture 
anatomy is visualized, reduction and internal fixation are  
performed, linking unstable segments to adjacent stable areas 
of the craniofacial skeleton. Severely damaged areas with 
comminution represent areas of effective bone loss and are 
replaced with primary bone grafting, restoring support and 
contour. Only in the presence of a heavily contaminated or 
infected wound is primary bone grafting omitted and recourse 
made to delayed grafting techniques. The results are not as 
favorable when there is delay in grafting because of the effects 
of fibrosis and tissue shrinkage.

If elements of the bony skeleton and soft tissue are absent, 
primary bone grafting and, on occasion, flap repair are indi-
cated; no attempt should be made to reduce the size of the 
defects by accepting a less than anatomical reduction. 
Advancement of local tissues across areas of loss creates sec-
ondary deformity that may be irreversible. Skin or mucosal 
loss should, in general, be managed with grafting, or occa-
sionally with free tissue transfer, in the primary treatment 
phase.16 Absolute or effective bone loss is similarly managed 
with bone-grafting techniques. In the case of composite tissue 
loss, a composite free flap primary repair may be indicated. 
The overriding principle is to restore and maintain spatial 
relationships.

An inevitable consequence of the surgical exposure 
required to effect precise reduction and stabilization of the 
facial skeleton is that the overlying soft tissue drape is 
detached. Often, although good restoration of skeletal form 
is produced, the results are compromised because of failure 
to restore the correct relationship of the soft tissues to the 
underlying facial skeleton.17 This applies particularly to the 
orbital region. The medial canthal tendon is an obvious 
problem area, although complete bone detachment is quite 
rare. However, wide exposure means that the lateral canthus 
is also inferiorly displaced on occasion and requires reattach-
ment at its normal location, 2 mm cephalad and posterior to 
its medial counterpart.

An important superficial muscular aponeurotic system 
supporting adhesion exists around the orbital rim. In addi-
tion, a series of the muscles of facial expression (zygomaticus 

FIGURE 14-7  A and B, A traumatic caroticocavernous fistula managed with embolization. 

A B

KEY POINTS
• Restore and maintain spatial relationships
• Replace missing and severely damaged (comminuted) bone segments
• Replace missing soft tissue cover
• Restore the correct relationship of the soft tissue drape to the underlying 

facial skeleton

TIMING

Procedures performed at admission are confined to those that 
are life-saving. The maxillofacial surgeon may be called on to 
provide a surgical airway or to arrest hemorrhage. Thereafter, 
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swelling) and close the soft tissue wounds early, accepting the 
difficulty the swelling may present to accurate fracture reduc-
tion, or whether it is better to close the soft tissues injuries 
early without reducing the fractures and then selectively 
reopen them for access to underlying fractures when the 
swelling has resolved.

In all cases, the opportunity is taken to perform a thor-
ough examination with the patient under anesthesia. Impres-
sions for dental models can be obtained. Second- and 
third-look procedures and appropriate débridement are indi-
cated if there has been massive tissue injury with necrosis and 
if marginally viable tissue is present.

AIRWAY MANAGEMENT

In panfacial fractures, if unrestricted access is required to the 
middle and lower face, a surgical airway is our usual practice. 
Submental intubation provides an alternative route to trache-
ostomy if the period of ventilatory support is likely to be 
short18 (Fig. 14-9). If an ACF repair is to be performed, a 
surgical airway is usually indicated. This reduces the potential 
for development of a cranial aerocele associated with cough-
ing in the early postoperative period.

In maxillary fractures with no skull base involvement, we 
have found that nasotracheal intubation allows adequate 
access. However, if the upper midface is involved and a 

once the patient is under observation and stable, an indi-
vidual plan is drawn up.

Patients typically fall into two broad groups: (1) those 
whose injuries at initial presentation require a definitive 
airway, usually an orotracheal airway, and who are therefore 
on an intensive care unit, intubated and ventilated, and (2) 
those whose facial injuries are such that the airway is not 
threatened.

In both groups, the upper and middle facial injuries 
usually result in considerable swelling of the face, and we 
believe that it is advantageous to allow this swelling to settle 
before definitive repair of the underlying bony injury is 
undertaken. This generally involves a planned delay in defini-
tive treatment of 5 to 10 days, mostly determined by the 
reduction of swelling and the availablity of the required oper-
ating room time. Depending on the age of the patient, defini-
tive treatment can be delayed for up to 2 weeks without 
substantially compromising outcome, but these delayed pro-
cedures present greater technical difficulty in achieving ade-
quate reduction and fixation. Beyond 2 weeks, progressive 
difficulty is encountered, at least in part, because of the accel-
erated callus formation seen in head-injured patients. Fur-
thermore, beyond 7 days, internal healing and fibrosis, in the 
setting of malpositioned skeletal support, prevents a natural 
redraping of the mimetic soft tissues of the face. In our prac-
tice, the most common reason for a longer delay is an accom-
panying brain injury.

In the first group, there are a number of reasons why pro-
longed intubation may be undesirable. In particular, it may 
delay the assessment of a head injury or clinical assessment 
of the cervical spine. In such cases, consideration must be 
given to whether the orotracheal tube can be safely removed 
or whether a surgical airway should be secured.

If there is a mandibular fracture, consideration should be 
given to staging the overall management, with the mandibu-
lar fracture being addressed first (within 24-48 hours after 
injury). If the mandible has condylar fractures, these should 
also be addressed, and care must be taken not to increase the 
mandibular width when fixing the fractures. If there is a 
palatal or maxillary dentoalveolar fracture, a helpful guide  
to reduction of the mandible is lost. In such instances, one 
can either decide to address these fractures at the same time 
to reestablish the maxillary arch width and thereby help with 
establishing the correct mandibular width when the mandible 
is reduced and fixed, or one can undertake the best anatomi-
cal reduction of the mandible that is possible at this time to 
stabilize it, being mindful that at the next proceedure (to fix 
the rest of the fractures) a review of the mandibular reduction 
may be required.

The use of dental study models (casts) and appropriately 
segmented and custom-made arch bars, can be invaluable, 
particularly in establishing the maxillary and mandibular 
width.

If there is no mandibular injury and no imperative to 
reduce the sedation early, then procedures undertaken in the 
first 24 to 48 hours are limited to débridement of wounds 
with excision of necrotic tissue and closure of wounds that 
involve no tissue loss. On occasion, the soft tissue injuries 
provide the obvious means of access to reduce and fix the 
underlying facial fractures (Fig. 14-8). If this is the case, a 
balanced decision must be made whether it is best to reduce 
and fix the midfacial fractures (in the presence of any 

FIGURE 14-8  Soft  tissue  injuries  may  provide  direct  access  to 
management of underlying fractures. 
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However, detachment of the soft tissue drape, particularly 
the periosteum, from the facial skeleton has secondary con-
sequences, as outlined earlier. Exposure commensurate with 
visualization and accurate reduction and fixation are required, 
but no more than that. If the periosteum can be left attached, 
it should be, maintaining the correct spatial relationship 
between the facial skeleton and overlying mimetic soft tissues 
in at least a few points. This is likely to greatly facilitate accu-
rate and secure repositioning of intervening areas of detach-
ment. Our preferred adjective to describe access and exposure 
is appropriate rather than wide.

coronal flap is indicated, either submental intubation or tra-
cheostomy is recommended to ensure a safe and unencum-
bered procedure.

ACCESS

Some time ago Manson et al.17 divided the facial skeleton into 
anterior and posterior areas from the viewpoint of access 
requirements. Low-level midfacial fractures, pyramidal frac-
tures, and fractures of the horizontal body of the mandible 
may be approached via the buccal sulcus and small cutaneous 
incisions, provided there are no more than one or two large 
fragments. The presence of multiple fractures at a higher 
level, comminution of facial subunits, or fractures of the con-
dylar process of the mandible necessitate posterior access 
incisions, usually a coronal flap, the latter is not commonly 
used these days for condylar access. The essential point is that 
not only the location but also the severity of the injury must 
be considered in planning access. Greater fragmentation 
implies greater difficulty in achieving adequate stability, 
necessitating better fixation, with or without bone grafting, 
and therefore wider exposure.

FIGURE 14-9  Submental intubation is a simple technique that gives 
unimpeded  access  to  the  facial  region.  It  is  a  useful  alternative  to 
tracheostomy if it is envisaged that airway support will be required for 
a short duration. 

FIGURE 14-10  Despite extensive disruption of the anterior frontal 
sinus wall, the force transferred in this injury was dissipated in disrupt-
ing the well-pneumatized frontal sinus, leaving the posterior wall intact. 

KEY POINTS
• Consider degree of comminution as well as site of fractures in planning 

access
• Leave soft tissue drape attached to craniofacial skeleton where possible

SURGICAL ANATOMY Of THE fACIAL SKELETON

The face may conceptually be divided into three zones or 
subunits with different purposes. The upper subunit is com-
posed of the frontal bone; its principal purpose is protection 
of the frontal lobes of the brain, but it also forms the roof of 
the orbit and encloses the cribriform plate of the ethmoid, 
subserving the special sense of olfaction. It contains the 
frontal sinus, whose extent varies from individual to  
individual, with a trend toward increasing pneumatization 
with age.

Sufficient force directed over the frontonasal region pro-
duces a central fracture with fracture lines that may involve 
the frontomaxillary and the weak frontoethmoid vomerine 
buttress. If the frontal sinus is large, it absorbs a large propor-
tion of the force, and the posterior wall may remain intact 
without dural exposure or injury (Fig. 14-10). With small 
linear cracks in the posterior wall of the frontal sinus, the 
dura may remain intact, but with greater disruption dural 
tears occur, leading to CSF rhinorrhea. The significance of 
injury to the nasofrontal tract in patients who have sustained 
frontal sinus trauma has been recognized.19
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enclosure within a bony framework of supportive pillars or 
struts. Gruss and Mackinnon20 made an important concep-
tual advance in the mid-1980s when they described the verti-
cal supportive pillars of the midface: the paired frontonasal 
maxillary pillars anteromedially, the zygomaticomaxillary 
pillars laterally, and the pterygoid processes posteriorly. In 
individuals with fully developed sinuses, these pillars are rela-
tively weak in the midface superior to the alveolar process of 
the maxillae. It is unfortunate for the surgeon undertaking 
repair of midfacial fractures that the most robust of these 
supportive pillars, the pterygoid plates, are inaccessible for 
direct operative repair.

Later authors described horizontal facial buttresses. Supe-
riorly, the frontal bar of the upper facial subunit is included. 
Inferiorly, the horizontal buttress is described as comprising 
the maxillary alveolus and palatal processes with a contribu-
tion from the horizontal process of the palatine bone. The 
middle horizontal buttress is composed of the zygomatic 
arches, the body of the zygomatic bones, and the infraorbital 

If the frontal sinus is rudimentary or the fracture extends 
beyond the sinus, large segmental fractures can occur, involv-
ing the orbital roof and floor of the ACF (Fig. 14-11). These 
may extend across the sphenoid ridge and, in so doing, jeop-
ardize the internal carotid arteries and the optic nerve, the 
latter lying within the confined space of the optic canal (Fig. 
14-12). It may be safer to expose the ACF before disimpacting 
the maxilla under such circumstances. Laterally, extensive 
fractures involving the frontal bone, greater wing of the sphe-
noid, and the temporal and parietal bones present the poten-
tial for injury to the middle meningeal artery. If there is 
displacement of bony segments in this region, neurosurgical 
colleagues must be consulted. Mobilization of depressed frac-
tures of the zygomatic complex under such circumstances 
should also be performed with direct visualization through a 
coronal flap and in an institution with neurosurgeons present 
and available in the event of intracranial complications.

The middle subunit of the face has a very different struc-
ture, characterized by areas of lower structural integrity and 

FIGURE 14-11  Extensive disruption of  the anterior cranial  fossa  includes  the posterior wall of  the 
frontal sinus. Air is seen within the anterior cranial fossa. 
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rim. These transversely oriented supportive elements link the 
zygomaticomaxillary processes and the nasomaxillary pro-
cesses17,21 (Fig. 14-13). This conceptual model has value 
because it marks important horizontal and vertical lines of 
elective osteosynthesis in repair of the facial skeleton (Fig. 
14-14). In reality, surgeons naturally opt for these thicker 
bony struts for osteosynthesis, because outside of these areas, 
the bone is too thin for adequate fixation of the plates.

Manson et al. made the point that what is notably absent 
is a robust sagittal supportive pillar in the central part of the 
face extending from posterior to anterior.17 The septovomer-
ine complex is weak. The lateral wall of the nose between the 
perpendicular processes of the palatine bone and the naso-
maxillary processes has very little structural integrity. Central 
midface collapse is therefore a common consequence of 
severe midfacial injury and requires specific attention if suc-
cessful repair is to be achieved.

FIGURE 14-12  Fracture extending across the sphenoid ridge. Such 
fractures jeopardize the optic nerve and internal carotid artery. 

The mandible forms the skeletal structure of the lower 
face. Its surgical anatomy is described elsewhere in this text. 
It has good structural integrity as a consequence of its func-
tional role and well-developed associated musculature. The 
specific problem presented by mandibular fractures in asso-
ciation with midfacial injuries lies with its importance in 
reestablishing correct facial width. Difficulties commonly 
arise with fracture patterns that occur in the symphysis and 
parasymphyseal region, particularly those associated with 
fractures of the condylar process. Force delivered from an 
anterior direction produces retrodisplacement of the man-
dible as it fractures, with widening at the mandibular angles. 
Displacement is maintained by insertion of the suprahyoid 
musculature into the symphyseal region of the mandible, 
which also places torsional forces on the fracture segments15 
(Fig. 14-15).

When there is a corresponding sagittal fracture of the 
maxilla or an absence of teeth, guides to the reestablishment 
of facial width are lost, and an operative strategy designed to 
overcome this difficulty must be planned.FIGURE 14-13  The  vertical  and  horizontal  buttresses  of  the 

midface define the lines of elective osteosynthesis. Notice the absence 
of  a  sagittal  buttress  between  the  palate  and  the  frontal  bar  in  the 
central midface. 

FIGURE 14-14  Model depicts the horizontal and vertical lines of 
elective  osteosynthesis  for  the  midface.  The  bone  is  thicker  at  these 
sites.  (Courtesy of R. Schmelzeisen, Professor and Medical Director, 
Department of Maxillofacial and Oral Surgery, Albert-Ludwigs- 
University, Freiburg, Germany.)

KEY POINTS AND PITFALLS
• Principle of subunit reconstruction
• Horizontal and vertical buttresses mark sites of elective osteosynthesis in 

the midface
• Bone grafting may be required in the relatively weak midface
• Lack of a central midface sagittal buttress explains the frequent occurrence 

midface collapse after severe injury
• Excessive width and corresponding lack of anteroposterior projection are 

common errors in the repair of midface fractures

SEQUENCE Of OPERATIVE REPAIR IN  
PANfACIAL INJURIES

Manson et al. described panfacial fractures as comprising two 
facial halves separated by a fracture at the Le Fort I level. The 
lower facial half was further divided into an upper occlusal 
level, comprising the maxillary and mandibular alveolar pro-
cesses with their associated teeth as well as the palate, and a 
lower unit comprising the vertical ramus and horizontal basal 
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facial width. Manson’s group found that split palate fractures 
accompany 8% of midface fractures.22 However, the incidence 
of sagittal fractures is greater when midface fractures are  
a consequence of motor vehicle accidents, as high as 20%  
to 25%.

Rowe and Killey1 pointed out that gross separation of the 
maxilla must result in associated fractures of the zygomatico-
orbital complex, an observation subsequently demonstrated 
to be generally correct.23 Denny and Celik studied the distri-
bution of sagittal fractures of the maxilla in a series of patients 
and found about 15% to be comprised of dentoalveolar frac-
tures, with the remainder involving the palatal vault.24 These 
were equally distributed between true sagittal and parasagit-
tal fractures. Manson et al. stated that, although sagittal frac-
tures occur in younger individuals, parasagittal fractures are 
preponderant in adults.25 The palatal suture is structurally 
akin to the cranial sutures. Persson and Thilender26 found 
synostosis of the palatal suture to occur between 15 and 19 
years of age, firmly uniting the lateral palatal segments and 
making parasagittal fracture, in the thinner bone at this site, 
more probable with advancing years. A lip laceration extend-
ing into the gingivobuccal sulcus, accompanied by tooth loss, 
is strongly suggestive of sagittal fracture of the maxilla. A 
mucosa tear in the palate is sometimes seen. However, sagittal 
fractures may be present in the absence of any of these signs. 
Careful palpation for such injury and scrutiny of axial and 
coronal CTs is necessary, because this is an important diag-
nosis to make in correctly reestablishing facial width.22

Manson and others have advocated direct exposure of the 
palatal fracture via a longitudinal incision and limited sub-
periosteal exposure of the palatal shelves.22,25 Reduction by 
the application of lateral arch pressure followed by plate and 
screw fixation in the palate reestablishes facial width but does 
not necessarily prevent incorrect angulation of segments. 
Further plate fixation across the fracture at the anterior alveo-
lus decreases the likelihood of improper angulation or mal-
rotation of segments.

Dentoalveolar segment fractures can greatly complicate 
treatment and require precise methods of fixation. It is our 
opinion that the best results are achieved with bony fixation 
of the dentoalveolar segments, if possible, and use of an 
acrylic occlusal splint that has sufficient palatal coverage to 
control angulation of the dentoalveolar segments and yet 
allow buccal inspection of occlusal relationships. Except with 
difficult dentoalveolar fractures, we prefer to avoid any inter-
vening wafer and to establish dental intercuspation by direct 
examination. This allows the identification of small but 
important occlusal discrepancies that indicate imperfect frac-
ture reduction.

The use of wire intermaxillary fixation using Erich or 
custom-made arch bars is our standard practice. Before 
placement in intermaxillary fixation, mobilization of the 
maxilla should be achieved. However, if a skull base fracture 
exists and an ACF repair is indicated, mobilization of the 
maxilla should be deferred until this can be performed with 
the anterior fossa floor under direct vision. Adequate maxil-
lary mobilization is important. Failure to obtain adequate 
mobilization and correction of the posterior maxillary length-
ening before fixation invites relapse into an anterior open bite 
on release of intermaxillary fixation.

After the arch width, and therefore the anterior projection 
at the occlusal level, has been established, fractures of the 

FIGURE 14-15  A  and B,  Fractures  involving  the  symphysis and 
the condylar regions of  the mandible frequently result  in an increase 
in  facial  width  with  decreased  anterior  projection.  This  position  is 
maintained by the pull of the suprahyoid musculature. 

A

B

mandible. The upper facial half was divided into an upper 
unit, comprising the frontal bone with its supraorbital ridges 
and roof of orbits, and a midfacial unit17 (Fig. 14-16). This 
model has descriptive utility and is employed here.

Our preferred definitve operative sequence is to com-
mence with management of the lower facial half. (In some 
cases, a mandibular component to the injury may have 
already been treated.) The occlusal subunit is first reconsti-
tuted. This is an important determinant of lower facial width. 
Sagittal fractures of the maxilla, in association with mandibu-
lar fractures, result in loss of all reference points for reestab-
lishment of the correct width and therefore of anterior 
projection in the lower face (Fig. 14-17). Standard techniques 
rely on establishment of a seemingly correct dental occlusion, 
followed by fixation of mandibular fractures, to which the 
upper facial repair is related. This approach not infrequently 
results in decreased anterior projection and increased lower 
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A

B

C

D
E

FIGURE 14-16  A, Descriptively, panfacial fractures may be divided into two facial halves separated 
by a fracture at the Le Fort I level. The upper facial half is subdivided into an upper unit comprising the 
frontal bone and a midfacial unit. The lower facial half is subdivided into an occlusal unit and a lower 
basal unit. B, Establish facial width at the occlusal level. Sagittal fractures of the maxilla and mandibular 
fractures with  splaying of  the  vertical  rami  lead  to  errors with  excessive width and deficient anterior 
projection.  Pressure  should  be  applied  to  the  gonial  angles  to  close  any  lingual  gap  in  the  anterior 
mandible. A useful guide to the correct reduction is the point at which the anterior fracture just starts to 
open on its labial or buccal surface. At that point, the lingual cortex is acting as a fulcrum. C, Fixation 
of  the mandibular condyles, when  feasible, helps  to prevent excessive width and  to  restore posterior 
facial height. D, Reassembly of the upper facial subunit precedes midface repair. E, Start midface repair 
at  the  least  injured  part  of  the  orbits,  and  use  all  visual  clues  to  establish  the  correct  anterior 
projection. 

Continued
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F G

f,  Buttress  reconstruction  is  completed  by  miniplating  the  nasomaxillary 
and zygomaticomaxillary vertical buttresses. G, Volumetric orbital reconstruction, nasal bone grafting, 
and medial canthopexy are performed,  if necessary, before  inset of any pericranial or galeofrontalis 
flap and soft tissue redraping. 

FIGURE 14-16, cont’d

FIGURE 14-17  Axial computed tomographic image of a parasag-
ittal fracture of the palate in a patient with panfacial trauma. 

mandible are fixed. The management of mandibular fractures 
is discussed elsewhere in this text. Here, we confine our com-
ments to the particular problem of low face width and pos-
terior facial height in patients with panfacial trauma. 
Consideration of the fracture pattern and examination of the 
mandibular arch form should make it possible to predict any 

tendency to arch widening. In this regard, a lateral crossbite 
should be viewed with the greatest skepticism. As stated 
earlier, the fracture pattern most commonly resulting in 
increased width is that which involves the symphyseal or 
parasymphyseal region, especially when fractures of the con-
dylar process are present27 (Fig. 14-18). Under such circum-
stances, all fractures should be exposed before any are fixed. 
If there is clear widening of the arch, it may be helpful to 
expose the lingual cortex of the mandible via an upper cervi-
cal skin incision. Pressure should be applied at the gonial 
angles to close any lingual fracture gap occurring in the body 
of the mandible (see Fig. 14-16B). A small lingual gap in the 
symphyseal region is magnified at the gonial angles and must 
be closed if the lower facial width is to be reestablished and 
the correct anterior projection achieved.

Before fixation of fractures of the body, it is prudent to 
examine any condylar fracture to ensure fragment alignment; 
it may be that fixation of the condylar fractures is required 
before fixation of body fractures. However, treatment of con-
dylar fractures is not always feasible. As the energy imparted 
in fracturing the mandible increases, the location of fractures 
has a tendency to move from a predominance of subcondylar 
fractures to more superior locations in the neck and intra-
articular region;28 for this reason, intracapsular fractures are 
not uncommon in patients with panfacial injuries. The loss 
of height that occurs with such injuries is usually less than 
with fracture dislocations occurring in the condylar neck; this 
injury pattern also occurs in higher-energy trauma but can 
and should be treated by open reduction and internal fixa-
tion. If a coronal flap is indicated for treatment of fractures 
of the middle and upper face, detachment of the masseter 
insertion along the zygomatic arch provides good access to 
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significantly disrupted with no other fractures more superfi-
cial to the area. Imaging should be in three planes (axial, 
coronal, and sagittal). It is also useful to use multiplanar 
reconstructions on the CT workstation to view, and fully 
appreciate, the three-dimensional nature of the fractures. It 
should also be remembered that, even with the most advanced 
scanners, all fractures may not be apparent due to the over-
lapping of thin bone fragments and data interpolation.

If an ACF repair is indicated, access to the ACF through a 
frontal craniotomy is followed by dural repair. Fractures 
involving the orbital roof may be impacted and should be 
reduced under direct vision. If fractures of the ACF extend 
to the sphenoid ridge, it may be safer to perform an osteot-
omy and advance the frontal bar into the correct position, 
leaving posterior fractures unreduced, and to graft resulting 
defects in the orbital roof with split calvarial bone.

The anterior skull vault is not subjected to muscular forces, 
and stable fixation is readily achieved with small (1-mm) 
plating systems. These have the advantage of more readily 
providing the correct contour when comminution has 
occurred. Fixation plates should be placed in a transverse 
plane whenever possible. This orientation facilitates their 
removal, should it become necessary, via a local incision par-
allel to the relaxed skin tension lines.

The management of frontal sinus injuries is an important 
issue and remains the subject of some controversy. The frontal 
sinus drains via the short frontonasal duct into the anterior 
end of the hiatus semilunaris of the middle meatus in the 
lateral wall of the nose or directly into the anterior ethmoid 
air cells,.This has led to the term frontonasal outflow tract, 
rather than duct, to describe the drainage of the frontal sinus. 
Outflow obstruction is almost always seen in cases in which 
postoperative complications develop. Obstruction can lead to 
entrapment of mucus with chronic infection. The frontal 
sinus mucosa may then develop mucus retention cysts. By an 

the condylar process of the mandible. In the absence of a 
coronal flap, our currently preferred approach to the condyle 
is through a retromandibular incision and transparotid 
dissection.

Fixation of condylar process fractures is important in rees-
tablishing posterior facial height and preventing subsequent 
anterior open bite deformity. It indirectly helps establish mid-
facial height by correctly orienting the occlusal and, therefore, 
the maxillary plane angle in relation to the skull base (see Fig. 
14-16C). In the case of intracapsular condylar fractures with 
collapse, less precise clues to the correct maxillary and man-
dibular plane angle must be relied on. The reassembly of 
midfacial fragments that provides the basis for correct orien-
tation under such circumstances is prone to error in angula-
tion even when there has been no loss of bone segments.

MANAGEMENT Of THE UPPER fACIAL UNIT

Injuries to the frontal bone, the frontal sinus, and the ACF 
often require, and benefit from, the cooperation of neurosur-
gical and craniofacial surgeons in a multidisciplinary team. 
The balance between the neurosurgical concerns of the 
patient with a brain injury and the need to treat facial injuries 
often raises issues that can be resolved with close cooperation 
and communication between the neurosurgical and cranio-
facial teams. The neurosurgical needs of the patient have to 
take priority, because the importance of minimizing injury to 
the brain outweighs the improved outcome that follows early 
repair of craniofacial fractures. The neurological outcome 
may be adversely affected by brain retraction in the early 
stages of an evolving head injury. It is primarily for this reason 
that we prefer a delayed approach (5-10 days) to the repair of 
craniofacial injuries.

Anterior fossa fractures are often complex, and they do not 
follow stereotypical patterns. The anterior fossa floor may be 

FIGURE 14-18  A and B, This patient sustained a parasymphyseal fracture as well as high condylar 
fractures of  the mandible. Open reduction and fixation of  the mandibular symphysis without due con-
sideration to the condylar injuries resulted in a mandible with excessive width posteriorly, inadequate 
projection in an anteroposterior plane, and reduced height in the posterior face. This is a common error 
in fractures of this pattern. 

BA
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seems prudent. These can be inserted through the anterior 
wall defect before reconstitution and brought out through the 
external nares, to which they are secured.

After débridement, the anterior wall is reconstructed by 
reassembly of bone fragments with bone grafting where nec-
essary (see Fig. 14-16D). It is often necessary to map and 
mark the fragments to allow reassembly (Fig. 14-20). If a map 
is not used, it is surprisingly difficult and time-consuming to 
piece the pieces back together correctly, even when there are 
only a few. On occasion, bone deformation occurs prior to 
fracture; under such circumstances, a perfect reduction 
cannot be achieved.

Inadequate reduction in the supraorbital ridge is a poten-
tial problem and leads to flattening with inadequate anterior 
projection (Fig. 14-21). Comminution of the supraorbital 
ridge may require primary bone grafting to prevent this 
occurrence, especially when major segments are displaced 
and ACF repair is not judged to be indicated. Onlay bone 
grafting is indicated; this allows restoration of an even  
contour with a symmetrical anterior projection.

Reconstruction of the orbital rim and roof can also be 
problematic when comminution is present. Exophthalmos 
and downward displacement of the globe, which is very dif-
ficult to safely correct secondarily, may occur. Care must be 
exercised in contouring the orbital rim and ensuring that the 
reconstructed roof of the orbit is approximately 3 mm cepha-
lad to the rim where it lies above the globe. This can be sat-
isfactorily achieved only from above with exposure of the 
ACF. Failure to reconstruct the orbital roof when there is a 
large bony dehiscence risks development of a pulsating 
exophthalmos.

If ACF repair is required, insetting of the pericranial or 
galeofrontalis flap and fixation of the frontal bone flap is 
deferred until midface repair is complete. This maintains 
unimpeded access.

unknown mechanism, mucoceles erode adjacent bone and 
may extend intracranially or into the orbit. If the mucoid 
contents of the cyst become infected, a mucopyocele results. 
Mucopyocele formation may lead to orbital or cranial abscess 
formation, orbital cellulitis, meningitis, or osteomyelitis of 
the frontal bone. These complications can occur many years 
after the initial repair, and it is this long-term risk that makes 
obtaining satisfactory data so difficult.

Most reports have described this complication in small 
numbers of trauma cases, and there have been no compara-
tive trials. Stanwix et al.29 have recently reported 30 years’ 
experience with frontal sinus fractures and highlighted the 
importance of assessment of the frontonasal outflow tract. In 
particular, they demonstrated that nasofrontal tract injury, 
and especially obstruction, is almost always evident in patients 
who develop complications from frontal sinus fracture. They 
developed an algorithm for the management of frontal sinus 
fractures. Treatment modalities include observation, recon-
struction, or cranialization and obliteration, depending on 
the status of the outflow tract.

A number of authors have recommended frontonasal duct 
and frontal sinus obliteration when fractures involve the 
frontal sinus. Abdominal fat, temporalis muscle, and bone 
graft have been recommended for this purpose. The danger 
of using fat in the presence of comminuted or missing sinus 
walls was emphasized in an animal experimental model,30 
and there is no reason to believe that nonviable muscle would 
pose any less risk. Furthermore, before obliteration, all sinus 
mucosa must be removed by thorough curettage and bur 
obliteration. This represents a considerable undertaking in a 
well-pneumatized frontal bone, in which the sinus may 
extend posteriorly almost to the lesser wing of sphenoid and 
laterally to the zygomatic processes of the frontal bone. The 
posterior wall is thin, and dural injury a risk. Filling of the 
resultant defect with bone graft requires a large amount of 
what is a valuable commodity in panfacial trauma.

Our experience is in accordance with that of Gruss et al.31 
If ACF repair is required, cranialization of the frontal sinus 
should be performed. The posterior or cranial wall of the 
frontal sinus is burred away in its entirety, and the sinus 
mucosa is curetted and burred, ensuring thorough removal. 
The frontonasal outflow is identified inferomedially and oblit-
erated with bone graft with subsequent placement of a peri-
cranial or galeofrontalis flap inset to seal the ACF from the 
nasal cavity below (Fig. 14-19). If injury is limited to the 
anterior wall of the frontal sinus without dural involvement, 
no attempt is made at sinus obliteration. Gruss et al.31 stated 
that:

…when bone is securely reduced and grafts rigidly applied … 
when non delayed debridement is accomplished, the chance 
of mucocoele formation is minimal. The premise that the 
naso-frontal duct will resume function in a majority of 
patients appears legitimate. Early intervention and recon-
struction are hallmarks of this approach. The presence of 
improperly reduced bone segments, comminuted sequestra, 
foreign bodies, and torn mucosal shreds leave the patient 
susceptible to the development of mucopyocoele.

If the anterior wall of the sinus and nasoethmoidal region 
are comminuted, stenting of the nasofrontal ducts for 4 weeks 
with Silastic tubing (a portion of nasogastric tube is suitable) 

FIGURE 14-19  When an anterior cranial fossa repair is planned, 
due consideration must be given to the requirement for a pericranial 
or galeofrontalis flap inset to seal the floor of the anterior fossa. Such 
thin  flaps  are  readily  introduced  through  the  craniotome  cut  at  the 
inferior edge of the frontal bone flap. This slide shows removal of the 
posterior  wall.  (Courtesy of Robert Bentley, Kings College Hospital, 
London.)
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anterior vertical buttress regions at the appropriate height 
(see Fig. 14-16F).

The midface presents several major reconstructive difficul-
ties after severe facial trauma. Comminution of this delicate 
structure is the rule rather than the exception in panfacial 
injury. The greater the comminution, the more difficult it 
becomes to achieve adequate stability, even in the presence of 
precise reduction and fixation of individual fragments. Fur-
thermore, errors of a few millimeters in restoring orbital 
volume and configuration, canthal reattachment, and occlu-
sal relationships are noticeable and often difficult to correct 
with secondary procedures. A wide midface with collapse in 
an anteroposterior plane, enophthalmos, and traumatic tele-
canthus were common sequelae of management with closed 
techniques in a former era and continue to frustrate contem-
porary efforts. As elsewhere in the facial skeleton, a complete 
diagnosis and planning of an operative strategy, bearing in 
mind common errors, maximize the likelihood of a satisfac-
tory outcome.

On the basis of preoperative imaging and intraoperative 
findings, the least injured part of the orbital region is identi-
fied, and repair of the midfacial skeleton commences at that 
point. A successful approach has been to identify an intact 
greater wing of sphenoid in the lateral orbit (Fig. 14-22). If 
not fractured, this robust structure gives a good indication of 
the correct angulation and therefore the width and anterior 
projection of the lateral midface. Gruss15 prefers to rely on the 
zygomatic arches and to commence reconstruction at that 
point. Our experience has been more in accordance with that 
of Manson et al.,17 who have found few clues to the correct 
lateral projection of the zygomatic arch. A common error is 
to overreduce laterally, which results in an increased facial 
width and inadequate anterior projection.

If the greater wing of sphenoid is fractured and the zygo-
matic arch is used as the key to the lateral facial reconstruc-
tion, it is important to recall that the zygomatic arch has a 
straight sagittal orientation between the zygomatic process of 

MIDfACE fRACTURES

In the midface, zygomatico-orbital and nasoethmoidal recon-
struction that reestablishes the correct width and anterior 
projection in relation to a stable frontal bar follows from  
fixation of the upper face (see Fig. 14-16E). Finally, with a 
stable upper midface, the occlusal unit is fixed in the  

FIGURE 14-20  Before removal of frontal bone fragments, a map 
is  constructed  of  the  constituent  pieces.  This  greatly  facilitates 
reassembly. 

FIGURE 14-21  Posttraumatic recession or flattening of  the supra-
orbital region. 

FIGURE 14-22  An intact greater wing of sphenoid can be a guide 
to correct reduction of the fracture at this level. 
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grafts. In most cases, the canthus remains attached to a frag-
ment of bone and can be reduced with the use of a small plate 
via a coronal incision.

Medial canthal tendon reattachment is performed after 
orbital wall reconstruction. This key soft tissue structure 
inserts into the anterior lacrimal crest of the frontal process 
of the maxilla and the posterior lacrimal crest on the lacrimal 
bone. Treatment is aimed at restoring attachment at the ante-
rior lacrimal crest. Exposure and identification of the medial 
canthus is required for successful repair of traumatic telecan-
thus. Attempts to identify and reposition a totally detatched 
medial canthus via a coronal flap have been unsuccessful in 
correcting telecanthus in our experience and that of others.17 
The medial canthus is readily exposed via a short (4-5 mm) 
horizontal incision that begins 2 to 3 mm medial to the 
medial commissure of the palpebral fissure. Dissection 
through this small wound brings the 2- to 3-mm, white band 
of fibrous tissue that forms the medial canthal tendon into 
clear relief. Its attachment to the frontal process of the  
maxilla, where this is a substantial fragment, should not be 
disturbed. If comminution exists, however, transnasal can-
thopexy is indicated.

Common errors in canthal repositioning are twofold: 
undercorrection in width (which is overcome by direct 
canthal ligament exposure and wire capture) and fixation of 
the canthus too far anteriorly, which creates an unnatural 
appearance of the medial canthus. It is essential to locate the 
canthus behind the most anterior part of the globe within the 
orbital rim. This can be achieved by passage of the transnasal 
canthopexy wire through a cantilevered microplate fixed in 
the glabellar region. This plate terminates at the desired loca-
tion for canthal attachment, and the transnasal wire is passed 
through the vacant screw hole at the end of this plate. The 
wire then passes across the nasal pyramid and is tied over a 
toggle (short length of plate) on the contralateral side at the 
desired canthal width (Fig. 14-24). Subsequent canthal drift 
is to be anticipated, and overcorrection is desirable. It is prob-
able that this drift is, at least in part, a consequence of delayed 
bone resorption in the glabellar region. Each canthus is 
managed independently of its counterpart.

the temporal bone and the zygomatic prominence. A tempo-
rary wire placed at the frontozygomatic suture establishes 
vertical height in this region and allows manipulation in the 
transverse and anteroposterior planes. The zygomatic arch is 
a muscular process that is the origin of the masseter muscle. 
It is subject to significant functional stress and is not, of itself, 
robust. Displacement with loss of anterior projection after 
initial good reduction of fixation has been described. We 
routinely fix this region with a 1.5-mm plate and screw system 
in adults, believing that lighter fixation provides insufficient 
stability.

Fixation of the medial orbital region takes as its reference 
the nasal process of the frontal bone, reconstituted or unin-
jured. The frontal process of the maxilla is the key structure 
in this region, because this forms a substantial part of the 
important frontonasomaxillary vertical buttress. Establishing 
the correct transnasal width of this structure, and therefore 
restoring anterior projection to the nasal pyramid, is prob-
lematic. Common errors in the naso-orbitoethmoid region 
are increased width and collapse in an anteroposterior plane 
and malposition of medial canthal tendons. Although the 
height of the fractured frontal process of the maxilla usually 
can be readily established if it is not comminuted, the orienta-
tion of this structure in all other planes is difficult because 
the nasal bones and inferior orbital rim are frequently frag-
mented. Therefore, reduction of the frontal process of the 
maxilla where it meets the frontal bone is frequently associ-
ated with significant angular errors. All visual clues must be 
used to achieve its correct orientation. Fixation of the frontal 
process of the maxilla at the glabella is followed by reassembly 
of the inferior orbital rim. Every effort should be made to 
retrieve fragments that have been displaced posteroinferiorly 
into the maxillary sinus and to ensure that the jigsaw of frag-
ments is reassembled with plate fixation. Visual assessment 
of the width at the medial canthal level is important at this 
stage (see Fig. 14-16F).

After the horizontal and vertical buttresses of the upper 
midface have been reestablished, fixation of the occlusal unit 
at the correct vertical height is performed with fixation at the 
zygomaticomaxillary and nasomaxillary vertical buttresses. It 
is important to consciously seat the mandibular condyles into 
the glenoid fossae if an anterior open bite dental relationship 
is to be avoided. To prevent persistent posterior maxillary 
lengthening, it may be necessary to remove displaced bone 
fragments in the posterolateral maxilla at the Le Fort I level. 
At this point, the vertical and horizontal midfacial buttress 
reconstruction should be complete.

Although diagrammatic representaions show ideal reduc-
tions and perfect alignment, in practice perfect reduction at 
the zygomaticomaxillary and nasomaxillary vertical but-
tresses and a perfect occlusion rarely are achieved. Some 
minor discrepancy is to be expected; if such a discrerpancy 
does exist, it is better to have correct occlusion with a minor 
discrepancy in the bony alignment at the Le Fort I level than 
to have an ideal bony alignment at the expense of the occlu-
sion. That said, any discrpancy should be small. A large dis-
crepancy might indicate a signifcant malalignment of the 
bony reduction above or below the Fort I level (Fig. 14-23).

Next, reconstruction of the medial, lateral, and inferior 
walls of the orbits is accomplished with the emphasis on 
precise volumetric reconstruction. This can be undertaken 
with titanium plates or mesh of various forms or with bone 

FIGURE 14-23  Computed tomogram of a patient with upper and 
midfacial  fractures.  Fixation  devices  are  placed along  the midfacial 
vertical and horizontal buttresses. 
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in an unnatural appearance in this region and may lead to 
graft exposure from ulceration through the skin.

There are difficulties in establishing adequate stability of 
fixation in the midface. The delicate bone architecture, its 
fragmentation, and the necessity of using relatively light fixa-
tion devices all contribute. As Manson pointed out, the lever 
principle means that relatively small forces at the occlusal 
level result in significant deforming influences when the first 
point of good fixation is the frontal bar.17

If significant fragmentation of the midface has occurred, 
postoperative intermaxillary fixation is a prudent measure 
during the initial healing phase. Primary bone grafting seems 
to enhance both initial and subsequent development of mid-
facial stability after operative repair and is also recommended 
in the presence of significant bone loss.

It is possible now to assess the bony reduction at this point 
intraoperatively with the use of mobile CT scanning machines 
in the operating room. This should not be particularly time-
consuming, adding only 10 to 15 minutes to the procedure. 
Being able to check the position of the bony reconstruction 
at this point may well improve outcomes and reduce the need 
for secondary surgery, because any errors that are seen can 
be corrected immediately.

Collapse of the glabellar region is a consequence of two 
factors. As elsewhere in the face, excessive width leads to 
inadequate anterior projection; therefore, reducing the width 
of the bony radix to approximately 20 mm in Caucasians is 
an important treatment objective. Effective bone loss due to 
comminution, with subsequent resorption of small frag-
ments, explains both early and delayed inadequate projection 
of the nasal pyramid when the intercanthal width is satisfac-
tory. Primary bone grafting with split calvaria is indicated  
if comminution of the nasal bones has occurred. The bone 
graft is cantilevered with plate or screw fixation to the gla-
bella. Common errors in primary nasal bone grafting are 
obliteration of the radix, which results in a Greco-Roman 
nose. Overextension of the bone graft into the nasal tip results 

FIGURE 14-24  A,  Medial  canthopexy.  The  medial  canthus  is 
directly exposed and captured with wire. The wire is passed through 
the distal hole of a miniplate on the ipsilateral side (positioning plate), 
passed transnasally, and tied over a toggle plate on the contralateral 
side of the nasoethmoid complex. A, toggle plate; B, positioning plate. 
B, Medial canthopexy. Once  the medial canthus has been captured 
and  the  transnasal  wire  has  been  placed,  the  positioning  plate  is 
moved into the desired location and fixed with screws in the accessible 
glabella  region.  Final  tightening  over  the  toggle  plate  is  then 
performed. 

A
B

A

B

KEY POINTS AND PITFALLS
• Establish the facial width at the occlusal level.
• Repair of fractured mandibular condyles is important in preventing excessive 

lower facial width and restoring posterior facial height.
• If the ACF is fractured, defer maxillary mobilization until the anterior fossa 

has been exposed.
• Cranialize the frontal sinus if ACF repair is performed; otherwise, repair the 

anterior wall and stent the frontonasal duct.
• Commence midface repair at the least injured part of the orbits.
• The greater wing of sphenoid provides a good guide to zygomatic width and 

anterior projection if it is uninjured.
• Excessive width and inadequate anterior projection are common errors in 

naso-orbitoethmoidal repair.
• If there is comminution of the midface, primary bone grafting and intermaxil-

lary fixation enhance stability.

CLOSURE AND SOfT TISSUE DRAPE

Surgical Anatomy
Moss et al.32 made the point that true ligaments exist in the 
medial midface (zygomatic and masseteric ligaments) as well 
as in the lower face (mandibular ligament). These connective 
tissue condensations comprise a discrete cylindrical attach-
ment of fibrous tissue that arises from either deep fascia or 
periosteum. They cross the sub-SMAS plane to the undersur-
face of the SMAS, where they divide into numerous branches 
and then attach to the dermis through a subcutaneous fascial 
system. More superior attachments around the orbit and tem-
poral region differ in that they retain the SMAS plane only, 
allowing considerable mobility to occur at a cutaneous level 
(Fig. 14-25). Rather than true ligaments, these attachments 
take the form of fibrous tissue septa and adhesions.

A temporal ligamentous adhesion supports the region 
immediately superior to the eyebrow at the junction of the 
middle and lateral thirds. Located at the intersection of the 
temporal, frontal, and periorbital region, this fibrous 
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A periorbital septal adhesion gains origin from three-
quarters of the circumference of the orbital rim extending 
from the corrugator origin around to the inferomedial bony 
origin of the orbicularis oculi. The septum has two or more 
broader adhesions, named the lateral brow and lateral orbital 
ligamentous thickenings. The lateral orbital thickening is 
located superolaterally to the lateral canthal tendon insertion, 
and the lateral brow thickening arises from a bony crest on 
the lateral supraorbital rim. Both of these ligaments insert 
into and retain the deep surface of orbicularis oculi.32 
Esthetic surgeons recognize the importance of these support-
ing structures in facial rejuvenation procedures and aim to 
release and reposition them superiorly and posteriorly.

The zygomaticus major, zygomaticus minor, levator labii 
superioris, and levator labii alaeque nasi originate in a line 
across the malar eminence and along the infraorbital region 
to the frontal process of the maxilla. All originate from peri-
osteum and are important in supporting the soft tissue of the 
cheek and upper lip. In the lower face, the mandibular liga-
ment is found in the anterolateral region of the mandible 
adjacent to the origin of the depressor angulioris.33 The 
importance of the mentalis muscle in preventing lip and chin 
ptosis has been emphasized in the esthetic facial literature. In 
accessing the facial skeleton by means of wide-exposure and 
subperiosteal dissection, release of many of these supporting 
structures, particularly around the orbit, will occur. These 
attachments of the mimetic soft tissues have important 
esthetic consequences, and accurate periosteal repositioning 
is an important part of treatment. If this is not feasible, addi-
tional measures should be taken to reestablish support for the 
SMAS layer.

Operative Details
Closure commences with the reestablishment of periosteal 
continuity across the inferior orbital rim. If periosteal conti-
nuity cannot be reestablished, suspension of the periosteum, 
and therefore the mimetic soft tissue drape, must be provided 
for. The zygomatic ligament as it lies medial to zygomatic 
minor directly supports the skin of the midface. Often the 
cheek prominence is not directly fractured; if possible, peri-
osteum should be left undisturbed at this location to prevent 
detatchment of the zygomatic ligament. If detachment is nec-
essary, non-resorbable sutures should be used to resuspend 
the cheek tissue. We use two 2-0 nylon sutures from the peri-
osteum of the cheek and infraorbital region to the deep tem-
poral fascia above and lateral to the frontozygomatic suture.

Lateral canthal descent is commonly seen after treatment 
of orbital trauma requiring extensive periosteal detachment. 
If a lateral canthotomy has been performed for access, the 
lower tarsal plate should be directly reattached to the lateral 
orbital rim. We have observed relatively frequent abnormali-
ties of contour of the palpebral fissure when lateral canthot-
omy and cantholysis were performed for access. Other 
workers have reported a similar experience.34 If a canthotomy 
is performed, the lateral canthal orbital septum is grasped 
with a non-resorbable suture and secured to the lateral  
orbital rim 2 mm cephalad and posterior to the medial 
canthus. It is prudent to overcorrect.

Closure of the incision in the deep temporal fascia created 
in raising the coronal flap is important in our opinion. 
Detachment at the zygomatic arch of the lateral SMAS is often 
necessary, and any gap in closure of the deep temporal fascia 

adhesion is a well-defined structure from which three further 
zones of fixation radiate. The temporal ligamentous adhesion 
inserts onto the deep surface of the frontalis muscle, where it 
meets the temporoparietal fascia laterally. It is a broad adhe-
sion lying about 1 cm above the superolateral orbital rim. 
From this adhesion, the superior temporal septum radiates 
posterosuperiorly, arising from the pericranium along the 
superior temporal line and inserting into the line of junction 
between the temporoparietal fascia and galea. The inferior 
temporal septum takes an oblique course along a line extend-
ing from the lateral corner of the temporal ligamentous adhe-
sion toward the root of the zygomatic process. It consists of 
crisscross fibers that pass from the deep temporal fascia to 
their insertion into the deepest layer of the temporoparietal 
fascia.

The division of deep temporal fascia into its deep and 
superficial leaves, with an intervening fat pad, is above the 
level of the inferior temporal septum. The most cephalad 
temporal branches of the facial nerve lie on the deep surface 
of the temporoparietal fascia, just caudal to this inferior tem-
poral septum. In developing a coronal flap, incision of the 
outer layer of the deep temporal fascia cephalad to the infe-
rior temporal septum will preserve this supporting structure 
and facilitate repositioning of the SMAS layer at the time of 
closure. It also ensures that the temporal branches of the 
facial nerves are protected.

FIGURE 14-25  Schematic diagram of the ligamentous and septal 
retaining apparatus for the superficial musculo-aponeurotic system and 
overlying  integument.  Supraorbital  ligamentous adhesion  (SLA),  tem-
poral  ligamentous  adhesion  (TLA),  superior  temporal  septum  (STS), 
inferior temporal septum (ITS), periorbital septum (POS), zygomaticus 
major, zygomaticus minor, zygomatic ligament (Zyg), masseteric liga-
ment  (MAS),  and  mandibular  ligament  (MAND)  are  shown.  Notice 
that  the  important attachments around  the orbit and  temporal  region 
retain the superficial musculo-aponeurotic system (SMAS) only, whereas 
the ligamentous structures of the cheek region and mandible run from 
deep structures, traverse the SMAS, and insert into dermis. 
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In creating exposure to the anterior mandible, the mentalis 
muscle is an important structure. Maintenance of an adequate 
cuff of muscle attached to the labial surface of the mandible 
to allow layered closure may be helpful in preventing subse-
quent lower lip and chin ptosis. If muscle reapproximation is 
not possible, the use of bone-anchoring devices is advisable. 
The use of chin supportive strapping is recommended while 
substantial postoperative soft tissue edema is present. Closure 
of the periosteal layer in buccal sulcus incisions is achievable 
if exposure is created with this goal in mind. Wherever fea-
sible, an effort should be made to achieve closure of perios-
teum and muscle origins followed by mucosal closure in a 
double-layered wound approximation.

MANAGEMENT Of BALLISTIC AND AVULSIVE 
INJURIES Of THE fACE

Gunshot wounds to the face have recently been reported to 
be associated with a mortality rate of 14.5% due to injuries 
other than the facial wound. This relatively high mortality, 
despite modern trauma resuscitation protocols, emphasizes 
the need for particular care in the early management of these 
injuries.35

Low-energy ballistic injuries do not differ significantly 
from blunt trauma in their effects on the damaged parts, and 
management is the same. High-energy avulsive and ballistic 
injuries have a different pathophysiology. The zone of tissue 
injury sustaining direct impact is typically avulsed, pulver-
ized, and destroyed by the impact. This zone typically widens 
from the surface point of impact as the energy imparted dis-
sipates through the affected tissues and secondary projectiles 
(bones and teeth) are recruited. Surrounding the resulting 
zone of tissue necrosis, there is a zone of relative tissue injury, 
the extent of which varies with the degree of energy trans-
ferred. Within this zone, an evolving pattern of tissue loss 
develops over ensuing days. Previously marginally viable 
tissues may become necrotic as the massive swelling associ-
ated with an acute inflammatory response and bacterial insult 
combine to adversely affect areas of marginal perfusion. Ulti-
mately, the inflammatory response subsides, macrophage 
infiltration is seen at the tissue level, and the contused soft 
tissue components heal with a variable degree of internal 
fibrosis, depending on the magnitude of the injury sustained. 
The effects of fibrosis are to render affected areas variably 
hypovascular, rigid, and contracted.

What previous generations of surgeons have learned is the 
primacy of an adequate blood supply. At each stage, the surgi-
cal team seeks to exert a favorable influence by minimizing 
the potential for further bacterial insult and avoiding any 
intervention that could add surgical trauma in the wound 
evolution stage or otherwise adversely affect tissue perfusion. 
The essential difference between what is proposed here and 
more traditional management protocols is the timing. High-
energy ballistic and avulsive wounds have largely been 
managed with a regimen of débridement, sequential dress-
ings, external skeletal fixation, and delayed secondary recon-
struction after scar maturation. The problem with this strategy 
is that fibrosis with contracture fixes soft tissues and displaced 
bone segments in rigid, hypovascular, collagen-rich scar. 
Deformity occurring as a consequence is often impossible to 
correct secondarily. Collapse of the central facial region is 

above implies lateral SMAS descent, because an adhesion 
exists between the two layers, with consequent fullness below 
and hollowing above. A “skeletonized” lateral orbit is a not 
uncommon consequence of severe orbital injury and its 
repair; SMAS descent may be an important contributor  
(Fig. 14-26).

If an ACF repair has not been necessary, closure of peri-
osteum in the supraorbital region is usually performed con-
tinuously with that of the deep temporal fascia. Every effort 
is made to restore the height of periosteal redraping.

If an ACF repair has been performed, suspension sutures 
may be employed in the frontal region from supraorbital 
periosteum to superior bone anchoring points. The highest 
point of the eyebrow is at the junction of the middle and 
lateral thirds in the youthful face, and this should be borne 
in mind when suspension sutures are applied. Closure of the 
galeal layer at the coronal incision provides further support 
for the SMAS and is important in preventing subsequent scar 
widening.

FIGURE 14-26  Lateral canthal descent and a mildly skeletonized 
lateral orbit with hollowing  in  the  temporal  fossa and  fullness below 
(arrow).  This patient  sustained a  right-sided orbital  injury.  There has 
been descent of the superficial musculo-aponeurotic system (SMAS) on 
the right. Notice the comparative vertical positions of the most anterior 
part of the hairline. 
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Until further evidence emerges demonstrating safety, we 
do not advocate the use of such aggressive intervention 
during the wound stabilization period. Attempts to advance 
tissues and achieve closure early in the wound evolution may 
lead to tension, and therefore ischemia, of already vulnerable 
wound margins as progressive and gross tissue edema devel-
ops. As swelling starts to resolve and the wound stabilizes, 
typically after 72 hours, primary closure of wounds becomes 
safe. Serial evaluation in the operating room is repeated until 
no further débridement is required and the wound is stable 
and viable.

Definitive management is possible by 5 to 10 days after 
injury. The principles of definitive management are the same 
as for blunt trauma or low-velocity ballistic injuries. Precise 
skeletal fixation is achieved by appropriate exposure and 
internal fixation of bone segments with primary bone graft-
ing of midfacial defects. Restoration and maintenance of 
correct spatial relationships to support the soft tissue drape 
is emphasized. The survival of bone grafts and that of major 
fragments that have been converted to free grafts by wide 
exposure, depends on a well-vascularized and complete soft 
tissue cover. This often presents a considerable challenge in 
the management of high-energy avulsive and ballistic inju-
ries. Rotation and advancement of tissue within the zone of 
relative injury requires careful judgment and can be hazard-
ous. If there has been a loss of mucosal lining as well as bone 
and other soft tissues, composite free flap transfer is usually 
indicated. If there has been considerable soft tissue loss in the 
absence of a skeletal defect, we would also give serious con-
sideration to the import of a soft tissue flap. If free tissue 
transfer is employed, recipient vessels outside the zone of 
relative injury should be used. Once the definitive reconstruc-
tion has stabilized, secondary revision of bulky or color-
mismatched tissue can be performed. Serial excision of skin 
flaps is frequently possible through rotation or advancement 
of local skin without disturbing the now well-established 
spatial relationships.

frequently seen. The use of external fixators to maintain the 
spatial relationship of major bony fragments, and therefore 
the associated soft tissue relationships, is all too frequently 
frustrated by fibrosis, shrinkage, and inward collapse of inter-
vening bone and soft tissue. Even if tissue perfusion has been 
maximized by minimal interference, the ultimate functional 
and esthetic outcome is frequently compromised.

It is for these reasons that treatment protocols that seek to 
optimize functional and esthetic outcome without compro-
mising safety through serial débridement and a delayed 
primary reconstruction are gaining increasing acceptance in 
civilian practice. These are complex injuries with potential 
loss of mucosal lining, bone, and overlying soft tissue, which 
will have serious consequences for the affected functional and 
esthetic subunits of the face. Management of these injuries 
challenges the resourcefulness of the resuscitation team, the 
maxillofacial trauma surgical team, and rehabilitation spe-
cialties. Care of these patients according to the described 
protocol also challenges the resources of all but large 
hospitals.

Once the airway is secured, active external bleeding should 
be controlled. Truncal, head, and limb injuries take prece-
dence over facial injuries in the early management (day 1). It 
is frequently possible to perform an initial débridement con-
currently with the management of trunk or limb injuries. In 
emergency treatment of bleeding in the head and neck region, 
care is taken to preserve vascular pedicles that might be used 
later in definitive reconstruction. However, an expanding 
hematoma should be investigated with angiography, and 
embolization should be performed if indicated.

After resuscitation and treatment of life-threatening prob-
lems, a tracheostomy is performed, replacing the orotracheal 
tube. Even if the airway is patent, massive swelling is to be 
anticipated over the ensuing 48 hours. Necrotic soft tissue is 
excised, and fragments of teeth and devitalized detached 
bone fragments are removed. Significant bone fragments that 
are attached to viable soft tissue should be left undisturbed. 
Severed branches of the facial nerve are repaired or tagged 
for later identification. The wound is copiously lavaged with 
a warmed normal saline solution, and broad-spectrum anti-
microbial agents are administered.

After this initial procedure, an intermediate phase of 
wound management ensues, the purpose of which is wound 
stabilization. This phase is necessitated by the evolving pattern 
of tissue loss that is seen when high levels of energy are 
imparted to the tissues. The treatment strategy is to minimize 
loss of marginally viable tissue by doing nothing that would 
further impair tissue perfusion and by controlling all vari-
ables that lead to bacterial growth. Hematomas, persistent 
dead space, retained foreign bodies, and necrotic tissue are 
the principal culprits favoring infection. To stabilize the 
wound, planned serial reexploration is performed every 24  
to 36 hours. Any necrotic tissue is débrided, hematomas  
are evacuated, the wound is lavaged, and an antibiotic-
impregnated nonadherent dressing is applied.

Robertson and Manson36 advocated reduction and fixation 
of fractures within the first day or so after admission, with 
primary closure of wounds or advancement of mucosa to skin 
where tissue loss has occurred. They cited optimal support 
for soft tissue healing as their reason for early skeletal fixation 
by wide exposure and direct fixation and minimization of 
bacterial colonization as the reason for early wound closure.

KEY POINTS
• Initial débridement is followed by an evolving pattern of tissue loss.
• Serial débridement is performed during the evolution phase to stabilize the 

wound.
• Wound stabilization is followed by primary reconstruction.

MANAGEMENT Of fRACTURES Of THE 
EDENTULOUS MAXILLA

Trauma in the elderly is an increasing phenomenon related 
to increased longevity. It is reckoned that the geriatric popu-
lation in the United States will have expanded by 50% in 2050. 
Approximately 6% of maxillary fractures occur in edentulous 
patients.37 As in the dentate, fractures of the edentulous 
maxilla are less common than mandibular fractures until the 
age of 65 years, after which the incidence of maxillary frac-
tures equals that of mandibular injuries.38 The probable expla-
nations are increasing maxillary pneumatization that occurs 
with age, declining bone resilience, and atrophy of the rela-
tively strong alveolar process. Maxillary fractures in the 
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elderly population tend to be more comminuted than in 
younger people.

Triage of the elderly patient who has sustained a facial 
injury is crucial at the outset of treatment. The in-hospital 
mortality rate for elderly patients with a craniomaxillofacial 
injury in one review was 11.1%. This reflected the likelihood 
of a coexistent head injury, and the fact that this age group 
may have significant comorbid disease. The GCS and trauma 
scores have a direct relation to eventual outcome. In this 
group of patients, the significant mortality rate occurred tpre-
dominantly in those with a lower GCS score and a higher 
trauma score.

Nonunion is extremely rare in the maxilla, and for undis-
placed or minimally displaced fractures, if there is no obvious 
comminution, simple management with a soft diet and 
appropriate analgesics allows adequate healing. If definitive 
surgical management of the fractured edentulous maxilla is 
indicated, the goals are the same as in the dentate population. 
Facial height, width, and anterior projection must be restored 
with anatomical reduction of the facial buttresses. Primary 
bone grafting and augmentation of the anterior and middle 
facial buttresses may form an integral part of the definitive 
management.37

In our own practice, we have observed a high incidence of 
malposition of the Le Fort I segment in the open reduction 
and internal fixation of edentulous fractures. We believe this 
to be a consequence of the lack of intraoperative visual clues 
to guide correct positioning of this alveolus-palatal fragment. 
An overreliance on correct reassembly of comminuted but-
tresses is the operative strategy we believe to be directly 
responsible. Errors have occurred in all three dimensions, 
with the maxilla rotated, canted, and retropositioned. 
Although some of these errors can be compensated for in 
denture construction, this is by no means universally the case. 
Dentures and acrylic splints can provide useful aids to the 
repositioning of the maxilla when the mandible is intact, and 
reduction of any mandibular fractures is essential. We advo-
cate the use of some form of prosthesis that allows for intra-
operative intermaxillary fixation in all cases in which open 
reduction and internal fixation are undertaken.

KEY POINTS AND PITFALLS
• Comminution is likely to be present.
• Buttress reconstruction augmented with bone graft is often required.
• Overreliance on reassembly of comminuted fragments frequently results in 

malposition of the Le Fort I segment.
• Use of dentures or splints and intraoperative intermaxillary fixation is 

recommended.
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Mandible fractures are among the commonest frac-
tures of the face,1 and much has been published 
about their management. Yet despite this wealth of 

clinical research, debate continues over what is considered to 
be best practice in some types of fracture. Management has 
evolved considerably over the past 3 decades, with advances 
occurring not only in the techniques used to repair fractures 
but also in our understanding of fracture healing,2 and the 
importance of the soft tissues in this process. These develop-
ments have resulted in improved outcomes and fewer com-
plications, notably infection and malunion. Consequently 
patients are now much more likely to be restored to their 
pre-injury function and occlusion. Transoral, semirigid fixa-
tion is commonly undertaken for most “routine” mandibular 
fractures, thereby avoiding the need for external incisions 
with their attendant shortcomings. Wire intermaxillary fixa-
tion (IMF, also known as maxillomandibular fixation—MMF) 
is now rarely indicated as definitive treatment, although 
elastic IMF may still be used to “fine tune” the bite and 
provide additional fracture support with some semirigid 
techniques. External approaches and rigid fixation are  
now usually reserved for more complex cases (such as those 
that involve extensive comminution, infected fractures,  
continuity defects, or when immediate bone grafting is 
required).

However, current indications for semirigid and rigid fixa-
tion are not absolute and a degree of overlap still exists 
between the two, the final decision often being based on 
personal experience and that gained from reported clinical 
outcomes and prospective studies. Many aspects of manage-
ment are still controversial and the literature is replete with 
publications arguing the case for or against various strategies. 
Surgical access, biomaterials, plate size and design, and spe-
cific fracture groups (such as edentulous, comminuted, or 
pathological fractures) are just a few areas where controversy 
continues. For the novice this may sometimes be confusing. 
This lack of consensus suggests that additional confounding 
factors may play a role in final outcomes. Patient compliance 
and their biological variation, aftercare and our individual 
technical skills, to name a few, no doubt contribute variably 
to our final results. Nevertheless, these developments have 
resulted in a faster, safer and a more comfortable return to 
function.3 Some of these developments and controversies are 
discussed.

A BRIEf HISTORICAL OVERVIEW

Very early descriptions of mandibular fractures came from 
the Egyptians in 1650 b.c. and also from Hippocrates who 
described the treatment of a fractured mandible using cir-
cumferential wiring.4 Later references to fractures and their 
management include the the Edwin Smith Surgical Papyrus,5,6 
Salicetti in 12757,8 and Gilmer in 1887.9,10

For much of the 20th century, initial attempts at managing 
mandibular fractures were limited mostly to maxilloman-
dibular fixation (described later), or Gunning-type splints.11,12 
Direct fixation through an open approach was generally 
avoided in this preantibiotic era, due to high infection rates. 
Only on occasion was this was used in selected cases, or in 
some edentulous patients.13 Fracture fixation using “bone 
plates” was later reintroduced, initially into the German-
speaking literature by Luhr and Spiessl in 1968 and 1972.14 
Further work has since helped to develop many of the prin-
ciples now advocated by the Arbeitsgemeinschaft für Osteo-
synthesefragen (Association for Osteosynthesis/Association 
for the Study of Internal Fixation [AO/ASIF]).15

Initial attempts at fracture fixation were based on the 
orthopedic principles of the time, in which callus formation 
was believed to indicate a failure of the healing process, due 
to movement at the fracture site. This resulted in the develop-
ment of rigid, but bulky “compression” plates, which by 
necessity were placed through large skin incisions in an 
attempt to provide absolutely rigid fixation. However it later 
became recognized that satisfactory reduction and healing 
was also possible without requiring this degree of rigidity, 
using much weaker fixation (i.e., IMF). But some considered  
it to be potentially dangerous and was certainly unpleasant 
for the patient. Each of these two approaches (rigid fixation 
and IMF) had advantages and disadvantages over the other. 
IMF in some countries required the patient to remain in 
hospital for the 6 weeks or so of fixation and posed an  
obvious threat to the airway. On the other hand compression 
plating had high morbidity, such as unsightly scarring, risks 
of nerve injury (facial and inferior alveolar), plate infection, 
and the need for a second procedure to remove the plates.  
It was also a very unforgiving technique, which could not  
be used to repair the thinner bones of the upper facial 
skeleton.
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Even more recently the use of adhesives to fix bone frag-
ments has received interest in both orthopedic and maxil-
lofacial surgery. The idea itself is not new22,23—the notion 
of bonding bone using biological materials was proposed 
by Gluck more than a century ago. Adhesives have several 
advantages over plating. They can secure small fragments 
and may therefore be useful in comminuted fractures. It has 
been suggested that by providing more diffuse fixation, 
adhesives result in a more uniform distribution of loads 
across the fracture site, compared to the irregular loading 
that occurs at screw sites. This may reduce the risk of over-
loading the plate and subsequent failure. It has also been 
reported that some adhesives act as “subchondral spacers”, 
smoothing out joint surface irregularities in articular frac-
tures. However, compared to those adhesives used in soft 
tissue trauma, the biocompatible requirements for bone 
adhesives need to be stricter, if they are to be safe, easy to 
use, and effective in load-bearing fractures. Cyanoacrylates, 
methacrylates, aldehyde-based, and fibrin systems have all 
been evaluated at some point and research is still ongoing.  
Adhesives related to polymethylmethacrylate (PMMA), 
used extensively in dentistry and in hip surgery, show  
some promise, but this is still a relatively new field of 
research.24-28

EPIDEMIOLOGY

Much has been published on the causes of mandible fractures, 
which vary from culture to culture, but include assault, motor 
vehicle collisions, work-related injury, falls, sport-related 
injury, pathologic fractures, and projectile missiles. A number 
of large reviews have been published over the years with dif-
ferences in etiology, varying between different clinical 
settings.29-31 In urban populations, the most frequent cause of 
mandibular fractures is often interpersonal violence, while in 
more rural areas motor vehicle collisions are a more common 
cause. Young men are almost universally more commonly 
injured than women and in many countries alcohol  
is often a significant contributing factor—hence the (para-
phrased) expression “Testosterone and alcohol are a poten-
tially dangerous mix”!

INITIAL ASSESSMENT

“If you leave the patient facing towards heaven, it won’t be 
long before they get there” (paraphrased, original source 
unknown), underlines the importance of good initial care 
and assessment.

The immediate care of the traumatized patient is covered 
elsewhere, but is especially important when complex man-
dibular fractures exist.32,33 The American college “ATLS” 
system of care in the multiply injured patient is commonly 
regarded as the gold standard and is now taught in over 40 
countries worldwide. However its “blind,” unthinking, appli-
cation to patients with coexisting facial injuries can result in 
a number of complications (notably airway), especially in 
those patients with associated head injuries, a full stomach, 
and high blood alcohol. Such patients need close observation 
and should never be left unattended while immobilized on a 
spine board.

In the 1970s, Michelet introduced a new technique for 
mandible fixation using smaller “miniplates” which could be 
placed through the mouth. These “monocortical” plates could 
be secured using much smaller screws which only needed to 
engage the outer cortical bone. This advance was subse-
quently modified by Champy and colleagues, whose biome-
chanical studies resulted in the concept of “ideal lines of 
osteosynthesis”16,17 (Fig. 15-1). This concept was analogous to 
the principle of the suspension bridge. By defining lines of 
tension across a load-bearing fracture, smaller and thinner 
plates (and sometimes wires) could provide adequate fixation 
to enable bone healing. The key development here was that 
the fracture support, provided by these smaller plates, was 
considered adequate and did not need to be rigid—hence the 
term semirigid. Consequently the use of monocortical screws 
allowed greater flexibility in plate positioning over these lines 
of tension. This use of smaller miniplates was subsequently 
extended into the rest of the facial skeleton, being miniatur-
ized further for periorbital and cranial non–load-bearing 
areas and are now in common use today.

Most recently, bone-plating systems made from resorbable 
polymer have been developed. Material-related complica-
tions (such as migration of titanium, thermal paresthesia and 
the need to remove plates) have all been reported and this has 
led to the search for more biocompatible materials. These 
polymers are generally degraded by hydrolysis into water and 
carbon dioxide and have been reported in some cases to reach 
mechanical rigidities similar to that of titanium. Resorbable 
materials were initially designed for use in craniofacial 
surgery, due to the minimal loading requirements. However 
as they became stronger, their use was later extended to the 
treatment of midfacial fractures and then orthognathic 
surgery. Within the past decade increasing reports have been 
published of their use in mandibular fractures,18-20 although 
it is still unclear whether or not all systems are comparable 
to the commonly used miniplates. Biodegradable materials 
have a number of disadvantages (costs, brittleness, difficult 
handling, inflammation and swelling during degradation). 
These need to be balanced against those of titanium (cost, 
infection, possible long-term toxicity and need for removal).21

FIGURE 15-1.  Champy’s lines of osteosynthesis. 
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Crudely speaking, patients can be placed into one of two 
groups:

1. High-velocity or deceleration injuries, where coexisting 
torso injuries exist and ATLS principles are required

2. The “walking wounded,” where other injuries have been 
ruled out

In both scenarios assessment always starts with the airway, 
while simultaneously protecting the cervical spine until 
injury can be excluded. “Clearing” the neck by clinical exami-
nation can usually be done in alert, cooperative patients and 
many guidelines exist. Where concerns exist about cervical 
spine injury, imaging is necessary, although how this is best 
done is more controversial. The best approach is to follow 
local evidence-based protocols, which usually exist in most 
trauma units.

With regard to initial assessment (during the primary 
survey), establishing the presence of those mandibular frac-
tures placing the airway at risk, is a crucial early step. Although 
an appropriate verbal response is encouraging, direct inspec-
tion of the oropharynx must always be undertaken to rule out 
oral bleeding, mobile and unstable fractures, loose teeth, and 
foreign bodies, all of which place the airway at risk in supine 
patients. Correctly fitting rigid collars restrict mouth opening, 
making assessment difficult (Fig. 15-2), but in all cases of 
significant facial trauma should be loosened enough to enable 
thorough examination. During this time manual in-line 
immobilization of the neck provides continued protection. 
Precise sizing and placement of collars is important—poorly 
fitting ones can displace mandibular fractures and aggravate 
ongoing swelling. Swallowing may be painful and ineffective 
in mandibular fractures and vomiting is an ever-present risk 
in all patients, unless the airway has been secured. The use of 
opiates (recreational or for pain relief) can also compromise 
the airway in these patients. Airway adjuncts such as the jaw 
thrust and chin lift can be difficult with comminuted frac-
tures and if unable to sit up, patients who are at high risk of 
vomiting may require intubation to protect the airway. 

FIGURE 15-2  Patients  with  unstable  mandibular  fractures  are  at 
high risk of airway compromise  if placed  in  the supine position, but 
this may be unavoidable. 

However not all patients vomit and the difficulty therefore 
lays in deciding who should have their airway secured as a 
precaution. This decision is even more critical if inter-hospital 
transfer or imaging (notably CT) outside the relative safety of 
the resuscitation room is necessary. For these reasons senior 
staff with skills in airway management should be involved at 
an early stage in such cases.

CLINICAL fEATURES

With all trauma patients, knowledge of the mechanism of 
injury can give clues to the possibility of unrecognized inju-
ries. For instance, a blow to the forehead can result in blind-
ness, even if there are no fractures present and deceleration 
injuries to the torso can result in mediastinal bleeding (“bell 
clanger” effect). Such injuries can easily be overlooked and 
bear relevance to us if transfers to maxillofacial units are 
being considered.34 These, and many others, need to be 
actively considered and excluded. Similarly, with regard to 
the mandible, certain mechanisms may also suggest particu-
lar injury patterns.35 The classic “guardsman’s fracture” 
(midline/parasymphyseal fracture associated with bilateral 
fractures of the condyles, following a faint or fall onto the 
chin), is an example where both condyles need to be carefully 
assessed.

The hallmark of a mandible fracture is a change in the 
patient’s occlusion (Fig. 15-3). However a normal occlusion 
does not rule out a mandible fracture. Clinical features are 
listed in Box 15-1. If a fracture is felt not to be present, 
“springing” the mandible by manually compressing the angles 
(much akin to springing the pelvis), should elicit no pain and 
is a useful test to avoid unnecessary imaging. Change in the 
occlusion is one of the commonest physical findings, but can 
be easily overlooked or misinterpreted in patients with pre-
existing abnormal dental or skeletal relationships, hence 
change in the occlusion. However, occlusal changes may also 
arise as a result of an effusion in the TMJ, or following frac-
tures of the alveolus, teeth, or the maxilla. Occasionally a 

FIGURE 15-3  Obvious  change  in  bite  after  fracture.  Such  dis-
placed fractures are a risk to the airway (see Fig. 15-2) and inferior 
alveolar and mental nerves, and are very uncomfortable to the patient. 
This needs to be temporarily reduced as soon as possible. 



255IMAGING

usually as plain films in the first instance, although in some 
cases with computed tomography (CT).

The principle with plain radiography is to obtain at least 
two films taken at right angles to each other. Often this is 
thought to be achieved by obtaining an orthopantomogram 
(OPT or OPG) and a posteroanterior (PA) view of the man-
dible, to help visualize the condyles. In reality the direction 
of view at the symphysis is similar in both films and certainly 
not at ninety degrees, but this practice has become historical 
in many units and together with clinical examination seems 
to be reliable. If doubt exists in the symphyseal region a true 
lower occlusal view is a useful additional view. This is particu-
larly useful in visualizing the lingual plate and the presence 
of any avulsion fractures. Panoramic films (OPT) (Fig. 15-4) 
provide a good overview of all regions of the mandible36 and 
are also useful in examining the existing dentition, buried 
teeth, and location of the inferior alveolar canal. Depending 
on patient positioning, OPTs may also incidentally view the 
maxilla, zygomatic arch, hyoid bone, and upper cervical 
spine, although diagnostic accuracy is limited. However, in 
order to obtain an OPT the patient must be able to stand, a 
requirement which may not be possible in the multiply 
injured scenario (and in some alcohol-related ones too). If 
this is not possible oblique views can often be obtained to 
view any regions of interest. This is more labor intensive and 
costly and subjects the patient to a higher dose of radiation, 
but at least is possible in the supine patient. Alternatively, 
imaging can be withheld until the patient is in a better condi-
tion. This may be possible in those fractures and patients in 
whom immediate intervention is not required.

Additional periapical or occlusal radiographs are often 
helpful in viewing specific areas of concern, especially when 
dental, alveolar, or oblique fractures are suspected. Selective 
tomograms or transcranial views of the TMJ are occasionally 
useful if CT facilities are not available, but are now mostly of 
historical interest only.

Computed tomography (CT) currently offers the most 
detailed and comprehensive view of the facial skeleton, but is 
more expensive and time-consuming. Two-mm cuts usually 
provide enough detail when imaging the entire facial skele-
ton. CT may be undertaken in clinical situations where the 
patient is not able to undergo routine radiographic tech-
niques, such as may occur in the presence of torso, cervical 
spine, or brain injury. With the newer high-speed machines, 
the extra time required to image the face is now considerably 

displaced fracture of the zygoma can “flex” the ipsilateral 
maxilla resulting in premature contact with the mandible on 
the same side and diagnostic confusion. Numbness of the 
lower lip is also a useful sign. This may signify stretching of 
the inferior alveolar nerve during fracture displacement at the 
moment of impact, but it can also occur in the absence of a 
fracture. Documentation of numbness is important as its per-
sistence is often a source of patient dissatisfaction and litiga-
tion. Sublingual hematoma is highly suggestive of a fracture 
involving the lingual plate of the mandible. It should be 
watched closely in those patients taking anticoagulant medi-
cation, notably warfarin, because continued bleeding can 
result in airway compromise.

IMAGING

Radiographic studies (usually plain films) are not always nec-
essary to exclude fractures of the mandible, so long as a thor-
ough clinical examination has failed to elicit signs of one. In 
an alert and cooperative patient, springing the mandible and 
asking them to forcefully open the mouth against resistance 
at the symphysis are two useful tests. If neither elicit pain the 
bone is at least clinically intact. However, when a fracture or 
fractures are evident or suspected, imaging is required, 

BOX 15-1 Symptoms and Signs of Mandibular 
Fractures (Not All May Be Present)

• Pain, especially on talking and swallowing
• Swelling, bruising
• Bleeding from the periodontium
• Sublingual hematoma
• Drooling
• Altered bite, with palpable step in the dental arch
• Mobility of fractured segment, with palpable crepitus
• Numbness of the lower lip
• Trismus and difficulty in moving the jaw
• Loosened teeth
• With medial displacement of the condyle, injury to the trigeminal nerve can 

result in ipsilateral facial numbness (rare)
• The facial nerve may be damaged by a direct blow over the ramus, resulting 

in ipsilateral facial weakness (rare)

FIGURE 15-4  OPT (OPG). Although technically this 
particular image is inadequate, it still gives a very good 
overview of the mandible. 
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Regarding the first two points, what is considered as “ade-
quate” is still not clearly defined in the literature and opinions 
vary, hence the many alternative treatments which have been 
successfully used. For example, perfectly acceptable func-
tional outcomes can be achieved in patients without anatomi-
cal reduction of the fracture. Furthermore, intermaxillary 
fixation (IMF), semirigid fixation, and rigid fixation are all 
well know to result in healing, yet the degree of stability each 
produces across fracture sites varies between them. These 
points are discussed later.

In orthopedic surgery it is often taught that the success 
of fracture management depends not only on the condition 
of the bones and how well they are repaired, but also (and 
mostly) on the condition of the overlying soft tissues. Con-
sider for example two identical fractures, one of which is 
closed and covered by healthy, well-vascularized soft tissues, 
the other being exposed through a mucky (infected), open 
wound following a crush injury. Whether the fracture is in 
the leg, arm, or mandible, intuitively outcomes would seem 
to be better with the first fracture than with the second. This 
is not the whole story, but does highlight the importance of 
the soft tissues and in particular the blood supply in the 
healing process. In this regard the mechanism of injury gives 
useful clues as to the likelihood of injury to the soft tissues. 
Comminution in a fracture implies high energy transfer—
more energy is also transferred to the soft tissues in the 
process of sustaining the fracture. Compare, for instance, 
fractures following a single punch, being kicked by a horse, 
blast injury, and being shot. Each mechanism carries with it 
increasing amounts of kinetic energy, potentially compro-
mising the vascularity of the tissues. The worse the blood 
supply, the greater the chances of infection, non-healing, and 
/or sequestration.

Excessive movement across the fracture also has an 
adverse effect in healing by preventing vascularization of the 
fragments. The judgment here is what do we mean by 
“excessive”—micromovement has been shown to stimulate 
bony union.

reduced, and the previous arguments against wasting valu-
able time to image the face no longer apply. Images can now 
be viewed in any plane (in addition to the standard axial, 
coronal, and sagittal views), with three-dimensional recon-
struction. If necessary (which is rarely required in mandibu-
lar fractures), accurate models of the facial skeleton can now 
be fabricated and used to create custom-made implants or 
prostheses. More recently the use of cone-beam computed 
tomography (CBCT) in dentistry has been extensively 
reported. It is now regarded by some as an accurate and reli-
able alternative to conventional CT, providing good quality 
images with less radiation.37,38 Both CT and CBCT are usually 
reserved for complex fractures, to help in the planning of 
fractures of the condyle, or when concomitant midfacial or 
orbital injuries are present. However, for most “walking 
wounded” fractures plain films are enough.

Other imaging studies can be helpful in very specific cir-
cumstances, but are rarely required. Magnetic resonance 
imaging (MRI) is of very limited value in evaluating bony 
injuries, but may be helpful to delineate injuries to the intra-
capsular disc of the TMJ or associated soft tissues. Ultrasound 
has occasionally been used to determine condylar position 
after fractures. Supraselective angiography and embolization 
can be used when significant bleeding is associated with facial 
fractures.39,40

CLASSIfICATION Of MANDIBULAR fRACTURES

A number of classifications for mandibular fractures now 
exist, some of which are based on orthopedic experiences. 
Despite obvious similarities between the long bones and the 
mandible, some important differences exist. These include 
differences in development, presence of the dentition, 
complex muscle attachments, and synergistic bilateral articu-
lations. Fractures of the mandible are often classified and 
described based on the relationship of the fractured seg-
ments, anatomic region, associated muscular anatomy and 
the involvement of the dentition. Unfortunately these are of 
limited usefulness when it comes to the “nuts and bolts” of 
planning treatment. However the influence of the pterygo-
masseteric muscle sling and its role in displacing angle frac-
tures (favorable and unfavorable fractures) is important when 
closed management is being considered. The terms favorable 
and unfavorable refer to the orientation of the fracture (as 
viewed in the horizontal or vertical plane) and the likelihood 
of subsequent impaction or displacement of the bone frag-
ments (Fig. 15-5).

BASIC PRINCIPLES Of fRACTURE 
MANAGEMENT

Whatever type of treatment is undertaken, the main aims in 
management are as follows:

• Adequate (or anatomical) reduction of the fractures
• Adequate stability to allow healing
• Restoration of pre-injury occlusion
• Restoration of mandibular function
• Avoidance of complications (notably infection, malunion, 

nonunion, and nerve injury)

FIGURE 15-5  Favorable  and  unfavorable  fractures  of  mandible.  
Unfavorable  fracture  (Right)  resulting  in displacement at  fracture  site 
caused by pull of masseter muscle. Favorable fracture (Left)  in which 
direction of fracture and angulation of muscle pull resists displacement. 
(From Hupp JR, Ellis E, Tucker MR: Contemporary oral and maxillofa-
cial surgery, ed 5, St. Louis, 2008, Mosby.)

Right Left
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Each of these has its own specific set of advantages and 
disadvantages. The choice of fixation depends on the site and 
type of fracture, condition of the overlying soft tissues, the 
patient’s general condition and preferences, as well as the 
personal preference and technical skills of the surgeon. Open 
treatments tend to be used when closed treatment is inap-
propriate or has failed. With open treatment, surgical expo-
sure of the fracture site and (hopefully) anatomical reduction 
and fixation is carried out.

Currently there are two schools of thought when under-
taking fixation of mandibular fractures.

1. Mandibular fractures need rigid fixation. This can be 
achieved using dynamic compression osteosynthesis. 
However, this requires an external approach (with a result-
ing scar and risks to the mandibular branch of the facial 
nerve), bicortical screw fixation (with risks of injury to the 
dental roots and inferior alveolar nerve), and a second 
procedure to remove the bulky plate once the fracture has 
healed. The natural curvature of the mandible also makes 
this a technically demanding procedure, as the plate must 
fit precisely to avoid distortion of the bone. The thick 
plates are very difficult to contour, even in experienced 
hands. Nevertheless, this is a reliable treatment, with a 
good “track record” and patients can return to normal 
function quickly. Lag screws also provide rigid fixation 
and can be placed intraorally (see later). However these 
are also technically demanding and are only suitable for 
certain fracture configurations.

2. Mandibular fractures do not need rigid fixation. Follow-
ing fracture, the initial phase of healing is characterized by 
an inflammatory response within the surrounding hema-
toma. This is followed by fibrovascular ingrowth and soft 
callus formation by osteogenic cells. For these processes to 
occur successfully, the fracture must be adequately stabi-
lized. However, rigid fixation is not essential. Consider for 
example other land mammals. These may sustain fractures 
in the wild, which go onto soundly unite, albeit nonana-
tomically, without any form of artificial stabilization. Fur-
thermore, studies have shown that micromovement, which 

CLOSED VERSUS OPEN TREATMENTS

In general, treatment is usually composed of the following 
elements:

1. Reduction (such as closed manipulation or open 
reduction)

2. Stabilization (for example with IMF, transosseous  
wires) 

3. Fixation (internal or external)
4. Rehabilitation

By and large, these components can be achieved by either 
“closed” or “open” treatments. In many fractures, closed 
treatment (i.e., the fracture is not exposed) involves analge-
sia, judicious use of antibiotics if the fracture is contami-
nated (often via the periodontium), and a soft diet until a 
firm callus has formed (usually around 4-6 weeks). This may 
also be termed conservative treatment. In some fractures, 
IMF may be used to provide additional support and/or pain 
relief. This approach works well in fractures where the man-
dible appears undisplaced, stable, with no change in occlu-
sion, and the fracture pattern is “favorable”, that is, unlikely 
to displace spontaneously (from muscle activity). Outcomes 
are usually good in compliant and motivated patients. Some 
clinicians may prescribe antibiotics if the fracture involves a 
periodontal socket (making it technically compound, or 
open). Patients must be kept under regular review for 
approximately 1 month after which the fracture should have 
healed sufficiently to allow them to return to a normal diet. 
However, closed treatment does not reduce fractures 
anatomically—it is wrong to assume that just because the 
teeth meet, the fractures are in the anatomically correct 
position.

If the occlusion is deranged or other signs of fracture dis-
placement or mobility are present, then either closed treat-
ment or open reduction can be undertaken. As a temporary 
first-aid measure, pain relief may be achieved by infiltration 
of local anesthesia around the fracture site, or if possible by 
an inferior alveolar nerve block. If the neck is cleared, a soft 
collar can be used to support the mandible. If the fracture  
can be reduced manually, a “bridle wire” can be passed  
around the teeth either side of the fracture and tightened  
to help reduce it, provide support, and prevent movement 
(Fig. 15-6). In effect this is the maxillofacial equivalent of 
an orthopedic backslab used to support limb fractures. By 
itself, or in conjunction with intermaxillary fixation (IMF), 
this should be considered when significant delays in  
repair (i.e., surgery the next day) are anticipated. Any loose 
dentoalveolar fractures can also be splinted with this 
technique.

With displaced or mobile fractures a number of treatment 
options are available. These include:

1. Intermaxillary fixation with wire or elastics (closed 
techniques)

2. Open reduction and internal fixation via a transoral 
approach

3. Open reduction and internal fixation via a transcutaneous 
approach

4. External fixation

FIGURE 15-6  Two-layer approach to symphyseal fracture. (Notice 
also the bridle wire.) 
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to the upper and lower dentition using circumdental wires or 
adhesives. These are then used to hold the teeth into occlu-
sion. This approach is based on the (erroneous) assumption 
that if the bite is restored, the bones will be anatomically 
reduced. This is not always the case, although adequate reduc-
tion usually occurs, enough to restore a functional occlusion. 
Many products now exist and the choice between them is 
often a matter of personal preference. Whatever fixation 
device is used, it is important to place it carefully so as not to 
damage the gingiva or periodontal pocket. Plastic circumden-
tal ligatures (rather like bag-ties or the plastic wrist restainers 
used by some law enforcers), with cleats, are claimed to speed 
up the process of applying IMF (Fig. 15-7). Arch bar systems 
which are bonded to the teeth can sometimes be unreliable, 
since a dry field during bonding may be difficult to achieve.

All these techniques rely heavily on the presence of an 
intact dentition and are therefore limited in usefulness in the 
partially dentate/edentulous patient, or when dentoalveolar 
injuries coexist. Alternatively the use of bicortical bone screws 
(IMF screws), which allow the passage of wire ligatures, 
avoids the need for dental anchorage, but care is required in 
screw placement if teeth exist nearby (Fig. 15-8). An adequate 
number of opposing teeth is still required in order for the 
occlusion to be stable while held in IMF.

can occur following semirigid fixation, encourages callus 
formation and healing. Callus is no longer regarded as a 
failure of healing. It is just an indication that there is move-
ment across the fracture. Excessive palpable callus is 
clearly undesirable but, by and large, bone remodeling 
reduces this over time.

To achieve semirigid fixation large reconstruction plates 
are not needed. Instead, smaller miniplates, placed along 
Champy’s lines or zones of tension, produce compression 
across the fracture. For this to work the periosteum needs to 
be mostly intact, with good abutment of the fracture ends. 
Finite element model analysis supports this approach.41,42 If 
necessary, fine tuning of the bite is possible with elastic IMF. 
Routine removal of the miniplates is not necessary. However, 
compared to rigid fixation, miniplates are reported to be 
more likely to get infected and patients still require a soft diet 
for the same period of time as if treated by IMF.

Within the United Kingdom both techniques are used. 
However the use of miniplates to apply semirigid fixation is 
usually the first choice for most mandibular fractures. Nev-
ertheless the rigid approach still has a role to play, particularly 
in comminuted and in some infected fractures, or where bone 
grafting is required. If semirigid fixation is not going to be 
successful, rigid fixation or IMF may then be undertaken. The 
role of fixation in the edentulous mandible is discussed later.

TIMING Of SURGICAL REPAIR

Ideally all fractures should be repaired as soon as possible, 
but this does not always happen. For all open fractures (i.e., 
those associated with an overlying laceration, or involvement 
of the periodontium), it is generally assumed that the longer 
the delay in repair, the more likely infection will occur. 
However what is not clear from the literature is how long  
a delay is possible without significantly increasing the risks of 
complications or the likelihood of poor outcomes.43,44 
Although some clinicians may feel that a delay of more than 
a few days may put patients at risk, several studies have failed 
to demonstrate a direct relationship between delays in repair 
and any increase in complication rates.45,46 Excessive fracture 
mobility, poor oral hygiene, and smoking are probably more 
likely to result in poor outcomes, and if these can be mini-
mized safe delays may be possible. By and large, it appears 
that in the absence of airway problems, active bleeding, and 
excessively mobile (and painful) fragments, most patients can 
be safely deferred until the next day, or even longer. General 
anesthesia can be risky and is best avoided late at night. When 
prolonged delay is anticipated, temporary support using a 
collar, bridle wire, and/or temporary IMF may be useful 
interim measures.

SPECIfIC TREATMENTS

CLOSED TECHNIQUES

IMF is commonly used in minimally displaced fractures and 
in fractures of the condyle (a controversial topic in itself, 
which is discussed elsewhere). Arch bars (wired or bonded 
to the teeth),47 hooks, or eyelets (many types exist) are applied 

FIGURE 15-7  Rapid intermaxillary fixation (IMF) placement. 

FIGURE 15-8  Intermaxillary fixation (IMF) screw placement. 
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A number of well-described techniques also exist for 
approaching the mandible externally. Although the entire 
mandible can be exposed extraorally, these approaches are 
usually reserved for condylar fractures, comminution involv-
ing the lower border, bone grafting, and in severely atrophic 
mandibles. While fractures in the anterior region can be 
approached through a submental incision, in most cases ade-
quate access is possible intraorally.

The submandibular (Risdon) approach places an incision 
in the submandibular region approximately 1.5 to 2 cm below 
the inferior border of the mandible. This approach requires 
careful dissection in order to avoid the mandibular or cervical 
branches of the facial nerve that run in this region (Fig. 15-9). 
These are usually found on the undersurface of the deep 
cervical fascia. Dissection is carried down to the periosteum 
of the lower border of the mandible, which is then incised 
and elevated to expose the fractures before fixation. A similar 
blunt dissection technique in the retromandibular region 
provides access to the ramus and condylar neck. This can be 
either behind or through the parotid capsule and gland. Here, 
care is also required not to damage any of the branches of the 
facial nerve.

Like parotid surgery, good assistance is required in both 
approaches. Often facial nerve injury arises not from direct 
injury to the facial nerve or its branches, but from overzealous 
traction in an attempt to improve visualization of the frac-
tures through a small skin incision. Finally, preauricular or 
endaural incisions can be used to expose high condylar neck 
fractures or to access the joint space.

Choosing the Type of Plate
Miniplates and monocortical screws have without doubt 
revolutionized the treatment of mandibular fractures. Many 
systems are now available, providing plates and screws of 
varying shapes and sizes, and extending the role of semirigid 
fixation to increasingly more complex fractures. Conse-
quently the need for heavy compression plates at the lower 
mandibular border (using bicortical screws) has become less. 
However, some argue that rigid fixation avoids the need for 
IMF, has less risk of infection48,49 and allows patients to func-
tion much earlier. More precise anatomic reduction and 

One potential complication of IMF is that the condyles can 
be inadvertently distracted out of the glenoid fossae if the 
fixation is too tight (notably with wires). The fracture then 
heals in the incorrect position, only to be noticed once the 
IMF is released. This is particularly important in condylar 
fractures. For this reason elastics are often used rather than 
wires, to provide a degree of “give” and allow the condyles to 
settle in their correct positions (remember that fracture 
immobilization only has to be adequate and not necessarily 
rigid).

SPECIfIC TREATMENTS: OPEN REDUCTION AND 
INTERNAL fIXATION

It is now widely accepted that most displaced craniofacial 
fractures are best treated by direct exposure, anatomical 
reduction and internal fixation using miniplates (or micro-
plates), with monocortical screws. This is termed open reduc-
tion and internal fixation, abbreviated to ORIF. In contrast to 
closed methods, this approach enables visualization of the 
fractures), thereby (hopefully) seeing that they are anatomi-
cally reduced. Some surgeons now argue that by seeing that 
the fracture has been reduced and fixed anatomically, post-
operative “check X-rays” are no longer required. Fractures 
involving the mandibular symphysis, parasymphysis, body, 
and angle can be adequately exposed through a transoral 
approach, thereby avoiding the need for visible scars. Fortu-
nately the rich blood supply of the maxillofacial skeleton 
allows wide subperiosteal dissection and exposure of the 
mandible, without compromising vascularity and healing, in 
most cases.

Several well-known approaches exist. Whenever possible 
incisions should be at least 5 mm from the mucogingival 
junction. This avoids damaging the attached gingiva and  
periodontal tissues, minimizing the risk of subsequent  
dehiscence and gingival recession. With anterior fractures,  
a one- or two-layer approach is possible (see Fig. 15-6). 
Care is required during exposure and retraction, to avoid 
damaging (by incision, diathermy, or traction) the mental 
nerves as they leave the mental foramen. The mentalis  
muscles are divided prior to incising the periosteum,  
leaving a small cuff attached to the bone. When closing, it is 
important to close this incision as a separate layer to avoid a 
“witch’s chin” deformity (chin ptosis) and to ensure the 
repaired fracture is covered with well vascularized tissue. 
Some surgeons apply a chin dressing for further support 
postoperatively.

Further back, the ramus, angle, and body of the mandible 
can be approached through a one-layer posterior vestibular 
incision. This starts in proximity to the lower end of the 
external oblique ridge, passing anteriorly, again maintaining 
a 5-mm cuff of tissue below the mucogingival junction. Full-
thickness mucoperiosteal flaps are then elevated to visualize 
these areas. Other variants of these approaches exist, but 
whichever is used, all enable the direct visualization and 
placement of plates across most mandibular fractures. With 
the development of the percutaneous trocar, posterior plates 
can now be placed even “deeper” than before (e.g., condylar 
neck and lower border of the mandible) via the transoral 
route, with screw placement via a small skin incision. Rigid 
plates can also be placed transorally with this technique in 
some cases.

FIGURE 15-9  External approach to the lower border, demonstrat-
ing the mandibular branch of cranial nerve VII. 
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In the 1980s, the AO/ASIF introduced the titanium 
hollow-screw osseointegrated reconstruction plate. This 
system integrated the concepts of internal and external fixa-
tion. At present, there are several types of rigid locking recon-
struction plates and semirigid locking plates (1.5-2.0 mm) on 
the market.

Several benefits exist with the locking plate system. Poor 
adaptation of conventional bone plates causes displacement 
of the mobile bony fragments when the screws are tightened. 
This often leads to inexact repositioning and impairment in 
primary stability. With locking plates, in contrast, the fixator 
principle keeps the bony fragments (and fracture lines) in the 
planned, reduced position even if the plate is not precisely 
adapted (Fig. 15-11). Therefore, exact plate adaptation is not 
necessary.51,52 Axial movement of the screw is also reduced by 
this locking mechanism. In a locking plate system, the forces 
generated between the threaded portion of the plate and the 
screw itself reduce compressive forces between the surface of 
the plate and the bony cortex, allowing better periosteal func-
tion and less risk of surface necrosis. Locking plate systems 
therefore have the following advantages over conventional 
plates and screws: (1) less precision required in plate adapta-
tion, (2) less alteration in the osseous relationship after screw 
tightening, (3) greater stability across the fracture site, and  
(4) less screw loosening.

The main disadvantage of locking plate systems is the need 
for precise positioning of the screw in relation to the plate. 
Locking systems require perpendicular placement of the 
plate-screw interface, and a drill guide is often required. In 
intraoral surgery, this is not always practical. The other draw-
back is the cost. At the time of this writing, six-hole 2.0-mm 
locking plates are more than one-third more expensive than 
nonlocking 2.0-mm conventional plates, and the cost of 
locking screws is almost double of that of nonlocking screws.

Chiodo and Ziccardi and their co-workers designed an 
experimental study to try to incorporate some of the patient 
variability factors regarding plate fixation.53 Fresh bovine 
bone was used. They concluded that locking systems have an 
advantage over conventional plates in areas where access is 
difficult, plate adaptation is less than ideal, or small continuity 
defects exist. Haug et al. showed that better results were 

greater stability is also possible. One of the problems com-
monly reported with miniplates is loosening of screws due to 
excessive, intermittent loading where they engage the bone. 
This concept has led to the development of minilocking 
plates, which arose following the success of the larger locking 
reconstruction plates used in ablative/ reconstructive surgery.

The Case for Locking Plates
Risto Kontio
Before the introduction of reconstruction plates, surgeons 
carried out primary reconstruction with osteomyocutaneous 
regional flaps, external fixators, and bone grafts. Over the past 
few decades, reconstructive techniques and bone fixation 
plates have revolutionized the treatment of continuity defects 
and fractures. Open surgical semirigid or rigid plate fixation 
is now a standard technique. Various plate designs have 
improved both intraoperative handling and postsurgical 
results in the management of facial bone defects and 
fractures.

Initial reconstruction plates (bridging plates) were non-
locking in nature. When nonlocking screws were tightened, 
pressure was translated through the plate to the underlying 
bone. Friction between the plate and the bone surface “locked” 
the bone-screw-plate combination. Locking technology 
exploits the benefits of an external fixator. The theory of the 
locking plate and screw system is based on a solid integration 
of screw and plate that allows greater rigidity in the plating 
system. Cordey et al.50 showed that the friction between the 
screw head and the plate is the main weak point of the entire 
fixation. In conventional plating systems, fixation is provided 
by the screw thread inserted into the bone, which creates a 
friction lock between the plate and the bone. Torsional forces 
between the bony fragments lead to a loss of this friction lock 
and result in reduced primary stability. In newer systems, the 
locking plate becomes united to the screw through a second 
set of threads within the head of the screw (Fig. 15-10). As 
the surgeon completes the tightening, the screw locks itself to 
the plate, creating a single functional unit and minimizing the 
transmission of pressure to the underlying bone. The lock of 
plate to screw prevents screw migration and axial movement 
of the screw.

FIGURE 15-10  Plate and screw design of a locking system. 
FIGURE 15-11  Application of locking plate to anterior edentulous 
mandible. 
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Continuity defects are particularly relevant in oncology but 
also are occasionally seen in trauma cases. The average time 
until hardware fails is 1.5 years. Plate exposure is closely 
associated with radiation therapy and with reconstruction of 
lateral defects using a plate only or a plate and soft tissue flap. 
Because of these high rates of complications with mandible 
reconstruction plates, definitive bridging reconstruction 
should be used only for older patients and those with rapidly 
progressing disease. Primary bridging osteosynthesis of man-
dibular defects is regarded as efficient temporary reconstruc-
tion to support and keep the facial contours intact on a 
temporary basis, allowing for a delayed secondary bony 
reconstruction.

Alternative Strategies in Repair
As materials have become stronger, fixation devices have 
become smaller. The use of microplates for internal fixation 
of mandibular fractures has now been reported, although this 
is not routinely undertaken in many units.62

Part of the reason for this diversity of opinion (rigid versus 
semirigid fixation) and the wide range of fixation kits cur-
rently available is due to the still unanswered question, “How 
rigid does fixation need to be?” IMF certainly does not 
immobilize fractures rigidly, yet it clearly works and they heal 
even if not anatomically. Those surgeons who advocate the 
use of two or more plates across a fracture, or the use of larger 
(2.3- and 2.7-mm) plates, argue that this is necessary in order 
to neutralize all forces across the fracture and adequately 
stabilize it. On the other hand, others argue that this is  
unnecessary and that smaller plates provide sufficient  
fixation, requiring less soft tissue dissection and fewer 
complications.63

A further technique originally developed in orthopedics is 
that of the lag screw.64,65 This is sometimes a useful compro-
mise between the rigid and semirigid techniques, especially 
in the anterior mandible. Here, a screw hole is drilled per-
pendicular to the fracture, essentially “kebabing” (passing 
through) both bone fragments. The screw is then passed 
while the fracture is anatomically reduced. Either by design 
of the screw, or by overdrilling the proximal hole (in the frag-
ment closest to the screw head), only the distal fragment is 
engaged by the end of the screw. This allows the fragments to 
be compressed on tightening. Varying combinations of this 
technique are possible, using multiple screws or plates and lag 
screws (Fig. 15-12). Whatever arrangement is chosen the aim 
is always the same: to attain at least adequate fixation of the 
fracture while minimizing the amount of soft tissue/perios-
teal dissection.

When used effectively, lag screws offer excellent reduction 
and near-rigid fixation. Lag screw fixation of fractures involv-
ing the posterior mandible and ramus regions is also possible, 
but is more technically demanding. Often, a percutaneous 
trocar is necessary to place the screw without damaging the 
inferior alveolar nerve or teeth. This technique offers a quick 
and precise method of reduction in selected cases.

How Many Plates Are Required?
In the anterior mandible (symphysis/parasymphysis) it is 
generally accepted that a minimum of two plates is required 
in order to resist the torsional forces produced by the attached 
muscles (Fig. 15-13). The upper plate should ideally be placed 
5 mm or more below the apices of the teeth to minimize risks 

achieved with a locking system than with conventional plates 
in a study of polyurethane mandibles.54 They concluded that 
the locking plate system does not need a friction lock between 
plate and bone for stability; as a result, there is decreased 
pressure and, in theory, less disturbance of periosteal perfu-
sion and less bone necrosis. Gellrich et al. retrospectively 
compared two rigid locking plate systems (THORP and 
UniLock) in patients with mandible reconstruction after 
tumor-ablative surgery. A total of 107 patients had mandible 
defects reconstructed by the plate bridging technique. The 
UniLock 2.4 system was shown to be slightly superior to the 
THORP system. This may be explained by the less bulky 
design of the UniLock 2.4 system.55 However, this clinical 
situation is not directly comparable with routine trauma 
fractures.

Kirkpatrick et al. examined the incidence of infection 
when a locking reconstruction bone plate system was used.56 
Fifty-six locking bone plates were placed in 42 patients. Two 
patients with three fracture sites (6%) developed postopera-
tive infection that required further therapy. The authors 
found an incidence of postoperative infection with locking 
reconstruction plates similar to that stated by other research 
groups. They concluded that the use of locking reconstruc-
tion plates can facilitate the management of complicated frac-
tures but does not eliminate all complications.

The primary goal of mandible osteosynthesis is to achieve 
the pre-injury occlusion. Studies of the UniLock 2.0 system 
have shown that 5% to 10% of patients can have minor post-
operative occlusal discrepancies.52 Similar studies on conven-
tional miniplates showed postoperative malocclusions in 
approximately 5% of patients.57,58 However, Chiodo et al. did 
not show any statistically significant differences between 
locking and nonlocking plate designs when they were placed 
in an identical manner.53

Another prospective, randomized clinical trial was con-
ducted in 90 consecutive patients with 122 mandibular frac-
tures.59 Patients were randomly assigned to receive locking 
2.0-mm or nonlocking 2.0-mm plates. Short-term complica-
tion rates were similar. This study did not consider other 
factors such as the costs of the two systems. Locking plates in 
most countries are significantly more expensive.

Loosening of screws and plates is considered to be one of 
the main risk factors for increased rates of infection and 
complications. Sauerbier et al. showed that the UniLock 2.0 
system had a major complication rate of only 2%, with loos-
ening of only one screw.60 Provided that the UniLock 2.0 
plates are inserted correctly, the risk of screw loosening seems 
to be minimal. This fact, combined with decreased pressure 
and stress to the underlying bone, may allow increased bony 
healing and regeneration.

Both laboratory and animal models have shown locking-
type systems to function as well as, or better than, conven-
tional plates, with less critical plate adaptation when bridging 
continuity defects. The conventional plating system is inher-
ently weaker when bone quality or quantity is compromised. 
If bone quantity or quality is poor, decreased strength and 
increased failure of nonlocking plating are likely. Locking 
plating may be beneficial in such circumstances.

However, the use of rigid locking plates in the treatment 
of mandible continuity defects still has a high rate of compli-
cations (30%-40%), including plate fracture, screw loosening, 
plate exposure, wound infection, and malocclusion.61 
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Posteriorly, some surgeons have looked at the role of two 
miniplates in angle fractures. This has been done in an attempt 
to enhance stability, yet avoid the external incisions required 
for larger plates. Different treatment strategies have been 
reported, all with good success rates. According to AO/ASIF 
principles, two bone plates should be used.66 Here the upper 
plate should be positioned high, while the other is ideally 
placed on the lower border. However, this has been chal-
lenged, and many believe that one plate is enough.67 If only 
one bone plate is used, it should be positioned high, along 
“Champy’s line” at the external oblique ridge. Unfortunately 
this requires contouring a “propeller” twist in it, which can 
sometimes be difficult. This site may also result in the plate 
being placed directly under the mucosal incision, with an 
increased risk of exposure. For these reasons some surgeons 
now prefer a “transbuccal” approach, whereby one or two 
plates are secured more buccally. This requires a percutane-
ous trocar technique to drill the holes and place the screws 
(Fig. 15-14). For body fractures, fixation with one plate or two 
plates gives equally good clinical results.

At present, it is not entirely clear whether one bone plate 
or two plates are required for treatment of simple mandibular 
fractures. Two miniplates do not seem to confer any signifi-
cant extra clinical benefit in angle fractures.63 On the other 
hand, Champy’s original recommendation was for two plates 
in the anterior mandible. With comminuted fractures (dis-
cussed later), stability between all the fragments is consider-
ably less. There are also more “pieces” to put together. 
Consequently, plates will have to carry increased loads and 
more may be required.

EXTERNAL fIXATION

External fixation is a technique which can provide rapid fixa-
tion (in critically ill patients), with minimal soft tissue disrup-
tion. As such its benefits lay in temporary fixation (in patients 
being transferred, or too sick to undergo lengthy surgery), or 
when there is extensive comminution of the mandible and/
or significant soft tissue injury. It is also particularly useful in 
maintaining space and orientation in continuity defects. 
External fixation is especially useful in mandibular fractures 

to the apical blood supply. The lower plate is ideally placed as 
low as possible (i.e., along the lower border) for maximal 
stability. Two plates next to each other is not the best arrange-
ment. In reality, what is needed is two remote points of fixa-
tion, rather than two plates. On this basis some fractures can 
be successfully managed using a single plate as one point and 
the lower teeth as the other, by splinting them with a short 
arch bar or circumdental wire. In essence the teeth and arch 
bar acts like a little external fixator. This technique works well 
with most simple fractures but depends on healthy lower 
teeth and supporting structures. If either are damaged, dis-
eased, or loose it is not recommended to try this. In selected 
cases of incomplete anterior fractures where the lower man-
dibular border has not been completely split, but the upper 
end of the fracture is separated, a small arch bar by itself can 
often suffice to close and support the fracture. IMF is not 
needed. These techniques are only of use in selected cases 
where there has been incomplete splitting or minimal separa-
tion of the bones and good interlocking of the fragments. In 
all other cases, two or more plates are usually required.

FIGURE 15-12  Repair of comminuted fracture with a combination 
of plates and lag screws. 

FIGURE 15-13  Two-plate fixation for parasymphyseal fracture. 

FIGURE 15-14  Transbuccal access for screw placement. 
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fixation may also have a role in the management of pediatric 
mandibular fractures (in cooperative patients) by minimizing 
risks to the developing tooth buds.68

AfTERCARE AND fOLLOW-UP

Relatively little has been published about the follow-up 
process of patients and protocols vary considerably, often 
without any evidence base. Anecdotally, patients may be dis-
charged from care as soon as 1 month following treatment, 
or they may be kept under review for well over a year. Within 
the United Kingdom financial and other constraints undoubt-
edly play a part in the decision to discharge patients, as well 
as other factors, such as the surgeon’s “specialists interest”, and 
the high rates of nonattendances commonly seen. In the post-
operative management phase a number of decisions must be 
made, many of which are based on personal experience and 
opinion:

1. Oral Hygiene. This needs to emphasised to patients, espe-
cially when intraoral incisions or lacerations have occurred, 
or IMF is used. Many regimens exist, from regular hot salt 
water mouthwashes, to a variety of antiseptically based 
ones. The ideal frequency is not known, but some antisep-
tics, such as chlorhexidine, can stain enamel if overused. 
Tooth brushing should be advised as soon as the oral envi-
ronment will allow.

2. Postoperative imaging. In various areas of maxillofacial 
trauma, including the mandible, there appears to be a 
growing trend towards not taking “postop views”, in all but 
the complex cases. This is an interesting point. On the one 
hand it is argued that this is not necessary, since the 
surgeon should know if his repair has been adequate or 
not. It reduces the need for unnecessary irradiation and in 
the vast majority of cases it does not alter what we do—the 
decision to re-operate is based on clinical assessment, not 
on an “X-ray.” On the other hand, it is argued that without 
postoperative views we cannot evaluate our results, 
improve our care, or train the next generation of surgeons. 
There are also medicolegal issues as well if the patient 
returns with loose hardware—is this a surgical failure, or 
did they just get thumped (assaulted) again? Although, a 
small number of publications have challenged the need for 
postoperative views, at the moment this is not widespread 
established practice.

3. Antibiotics. This area has been well published on, but 
regimens still vary. If antibiotics are to be administered 
they should certainly be given at the time of surgery (or 
on admission), rather than commenced postoperatively. 
Concerns about bacterial resistance are always present and 
these need to be weighed against the risks of infection 
developing, such as in comminuted fractures, debilitated 
patients, and if there have been delays. Ideally all infec-
tions should be reviewed every 48 hours and the need for 
antibiotics reassessed, but this is not practical for the vast 
majority of cases. Discussion with your local micro-
biologist may be of value and local audits help define  
local policies.

4. Postoperative elastics. The use of these (or not) following 
semirigid fixation, and how tight they are applied varies 
considerably, depending on a number of factors. For single 

associated with high energy transfer such as gunshot wounds, 
where additional and unpredictable tissue necrosis needs to 
be anticipated for up to several weeks following initial injury. 
Following blast or ballistic injuries it can “buy time” allowing 
devitalized tissue to declare itself, while maintaining frag-
ment orientation. These concerns also apply when the sur-
rounding soft tissues have been compromised by other causes, 
such as previous radiotherapy. As with other closed treat-
ments this is essentially a “blind” technique (in that the frac-
tures are not visualized). However, combinations of closed 
techniques may be useful in grossly comminuted fractures 
with multiple small fragments. This avoids wide periosteal 
stripping which can further compromise vascular supply, and 
risk subsequent necrosis and/or infection of the smaller bone 
fragments.

In order to obtain effective stability two pins are required 
on each side of the fracture. In orthopedics as healing pro-
gresses, the degree of rigidity can be modified (dynamiza-
tion), thereby reducing the potential effects of stress shielding. 
This can also be done in the mandible although it is not as 
essential. The position of the bones can also be adjusted (often 
without general anesthesia) if postoperative radiographs 
show inadequate reduction. Many types of devices exist, some 
specifically designed for the mandible, others fabricated from 
general external fixation kits. If a kit is unavailable acrylic 
cross bars can be easily fabricated with the aid of an endotra-
cheal tube/chest drain and acrylic resin (Fig. 15-15). During 
the hardening phase the reaction is exothermic, so care 
should be taken to avoid burning the patient’s skin.

Unfortunately the bulky apparatus is often disliked by 
patients. Care is required not to injure themselves, a particu-
lar problem in alcoholics, children, and uncontrolled epilep-
tics. Even modern miniature devices are still relatively 
obtrusive. Placement normally involves skin punctures which 
can leave unsightly scars. More recently, the external fixator 
has had a new lease on life as a means of callus distraction, 
and although a very successful technique, scarring and awk-
wardness still remain significant problems. Pin sites can also 
become infected. After 6 to 8 weeks, loosening of the bone 
pins commonly occurs. Some surgeons argue that external 

FIGURE 15-15  “Poor man’s external fixator”, using endotracheal 
tube and acrylic resin. 
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may be considered as anatomical (i.e., cosmetic deformity) or 
functional in nature. Fortunately complication rates have 
improved since the early days of wire fixation, but even the 
most sound fixation techniques can have problems.

MALUNION AND NONUNION

If fractures are assessed critically, malunion (i.e., nonana-
tomical union) is a relatively common outcome. However, 
most cases do not result in any clinical difficulties and these 
minor discrepancies are usually accepted by both patients and 
clinicians. Low-grade infection can result in delayed union, 
nonunion, or loosening of the screws and plates enough to 
result in malunion. With nonunion, a number of risk factors 
are associated, notably smoking and infection. Other risks 
include poor reduction of the fractures (resulting in soft 
tissue interposition), inadequate immobilization, the pres-
ence of foreign bodies, devitalized teeth or bony fragments, 
malnutrition, and debilitation.

Arch deformity following fracture repair is often the 
result of inadequate reduction. This is more common when 
the mandible has sustained fractures at multiple sites, or 
when associated with an unrecognized palatal split in the 
maxilla. Here the upper dental arch no longer acts as a 
reference point in reduction. Failure to anatomically reduce 
the fractures results in occlusal discrepancies, compromising 
the patient’s ability to bite and chew. It can also result in 
poor esthetics. Bone is a plastic material and can undergo 
deformation as well as fracturing (especially in children). 
Consequently, minor residual deformity may still occur, 
even in those fractures which appear to be anatomically 
reduced. Familiarity in dental anatomy and functional occlu-
sion (and their variants) certainly helps during treatment. 
Preoperative study models (with or without model surgery) 
and splint fabrication may also aid fracture reduction in 
complex cases.

If malalignment is noticed early in the postoperative phase 
it may be corrected by returning the patient to the operating 
room for repeated reduction. When this is not recognized the 
fractures will go on to heal in a nonanatomical position (mal-
union). Minor malunions do not usually cause major clinical 
problems, because the dentition often readjusts to a new bite. 
Alternatively, judicious selective grinding can balance the 
“neo-occlusion” satisfactorily. However, significant mal-
unions of the mandible can produce facial asymmetry and/
or functional disturbances, which can only be resolved by 
carefully planned osteotomies. For this reason close follow-
up during the healing process is necessary.

The commonest cause of nonunion is excessive mobility 
across the fracture site. Movement of the bone ends disrupts 
fibrovascular ingrowth, thereby reducing osteoblast migra-
tion. Instead of bony healing, fibrosis at the fracture occurs—
fibrous union. Other contributing factors to nonunion include 
impaired healing capacity secondary to illness or self-neglect, 
smoking, and infection. In some cases (atrophic edentulous 
mandibles in frail patients), nonunion may be accepted if 
movement at the fracture site is not significant. But in most 
other cases further treatment is required. The management of 
nonunion requires excision of scar tissue within the fracture 
gap, together with bone fixation. Bone grafting may also be 
required although treatment strategies may vary from patient 
to patient.

and simple fractures they may not be used at all. The 
rationale for elastics is to help support the mandible (and 
fractures) while “fine tuning” the occlusion if the fracture 
has not been anatomically reduced. This appears to work, 
presumably by allowing the dentition to readjust, although 
very little has been published about this aspect of manage-
ment. How long elastics should be used for is also poorly 
discussed in the scientific literature and in clinical practice 
is often based on personal experience.

5. Return to normal diet. 4 to 6 weeks seems to be an 
approximate time length for most fractures, depending on 
their complexity. Considering the significant amount of 
force a healthy mandible can generate on biting, this is an 
interestingly short time frame when one considers the 
limbs, which can take 3 to 4 months of immobilization 
before weight bearing.

6. Plate removal. The literature is not clear on this. Several 
reports have been published on the migration of titanium 
particles into the neck and further afield, questioning how 
inert titanium really is. As yet, the very long-term effects 
of titanium are still unknown. Some units routinely remove 
the fixation plates, although the evidence indicating that 
this is necessary is currently weak. Most units do not 
remove plates unless there have been significant 
complications.

7. Rehabilitation. Once the fracture has healed, patients 
should be encouraged to mobilize the jaw. Prolonged IMF 
restricts mouth opening by capsular contraction at the 
TMJs. The surrounding soft tissues also should not be 
forgotten. High-energy injuries may result in fibrosis, both 
in the skin and in the deeper tissues and these often need 
vigorous massage and other exercises to facilitate neuro-
muscular recovery. Many protocols and devices exist. 
Chewing gum and lollipop sticks are a cheap alternative. 
The most important element however is patient compli-
ance to a long-term regimen.

8. Length of follow-up. This varies considerably and is influ-
enced by many factors. While early discharge may “free 
up” time to see more patients it is only with long-term 
follow-up that long-term outcomes can be known. 
However, what is meant by “long term”? Some complica-
tions (for instance condylar resorption) may take years to 
occur and some injuries (notably scars and nerve injuries) 
years to recover. Conversely, untreated infections can 
rapidly progress over a matter of days in high-risk patients 
and may need very close follow-up initially. Follow-up—
whether it be weekly, monthly, or annually—is generally 
not based on biology, but rather on our astronomical cal-
enders! A pragmatic biological approach is ideally required 
on a case by base basis. Prolonged dental follow-up (usually 
by the patient’s dentist) is also recommended. In the long 
term, teeth can devitalize and stain in the absence of 
obvious injury, either as a result of the initial impact or 
subsequent screw placement.

COMPLICATIONS IN MANDIBULAR  
fRACTURE MANAGEMENT

Complications following treatment may arise as a result of the 
effects of the original injury, the treatment itself, inadequate 
aftercare, or patient non-compliance postoperatively. These 
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used for chronic infections. If the infection fails to respond 
quickly, underlying causes should be considered and discus-
sion with your local microbiologist is recommended. Labora-
tory studies (e.g., complete blood count, erythrocyte 
sedimentation rate, C-reactive protein) can be useful if there 
is systemic involvement, or immunosuppression is suspected, 
but in most cases management can be guided by regular clini-
cal follow-up. CT and MRI may be required in severe infec-
tion or those which fail to respond to treatment. This helps 
to assess the degree of bony involvement, identify sequestra, 
and look for soft tissue collections or swelling. Specimens for 
bacterial culture and sensitivity should be sent as early as 
possible.

Osteomyelitis is rare in non-immunocompromised 
patients. Clinically, low-grade osteomyelitis can be confused 
with simple nonunion. Plain radiographs, CT, and MRI may 
be required to define the site of infection and delineate the 
region of the mandible affected. Radionuclide scans have 
been helpful, but lack specificity. Treatment includes surgical 
débridement, copious irrigation, and long-term antibiotics. If 
bone loss is extensive, the area should be immobilized and 
allowed to heal for several weeks prior to any definitive 
attempts at reconstruction with bone grafts or other methods.

NERVE INJURY

Fractures that involve the mandibular parasymphysis, body, 
or angle may result in injury to the inferior alveolar or mental 
nerves. The degree of deficit often depends on the amount of 
fracture displacement at the moment of impact and the type 
of nerve injury that results from this. Numbness can also be 
iatrogenic in origin. This is a common cause of litigation and 
therefore numbness prior to any treatments should always be 
recorded. Ideally patients with paresthesia following fracture 
should be observed during the postoperative period and the 
level of neurosensory return documented. As a “rule of 
thumb” sensory recovery can take up to 2 years to occur. 
Dysesthesia may be an encouraging sign in some cases as the 
nerve begins to regenerate, although it can also be a long-
term troublesome symptom. Rubbing the affected area is said 
to induce “collateral macrosprouting” and encourage nerve 
ingrowth from adjacent regions. Rarely surgical exploration, 
decompression, and, if necessary, repair may be considered 
between 3 and 6 months.75 Immediate management of infe-
rior alveolar nerve injury at the time of mandibular fracture 
repair has also been reported where there has been significant 
fracture displacement, anesthesia, and an obviously injured 
nerve.76 It is perhaps worth noting that in orthognathic 
surgery the lowest incidence of nerve injury occurs with wire 
fixation, with higher rates following most rigid fixation tech-
niques. This would suggest that trauma itself is not the only 
cause of nerve injury.

SPECIAL CONSIDERATIONS

MANAGEMENT Of THE TOOTH IN LINE Of  
THE fRACTURE

Teeth are often involved in fractures of the mandible. The 
canine and third molars especially provide points of weakness 
in the bone, hence fractures at these sites are relatively 

INfECTION

Infected fractures are often seen in clinical practice, with rates 
varying from less than 1% to 32%.69-71 They can be very dif-
ficult to manage. These are commonly seen in those patients 
who either neglect themselves, are poorly compliant, or 
present late with infection. Of all the facial bones, the man-
dible is the one most likely to become infected following 
injury. This is probably due to a combination of continued 
movement of the fractures from muscular pull, associated 
poor oral hygiene, and relatively less vascularization com-
pared to the other bones of the face. Infection is especially a 
concern when there is a communication externally, or with 
the oral cavity via the periodontium in patients with poor oral 
hygiene. Alcohol, smoking, and excessive movement across 
the fracture site are the main contributing factors to the 
development of infection. Other risk factors include immu-
nocompromise (notably diabetes and alcoholism), substance 
abuse, gross contamination, and preexisting periodontal 
disease.72,73

Most infections are usually mild, with intraoral swelling 
and discomfort. However these can progress to cellulitis, 
abscess formation, fistula, osteomyelitis, and, rarely, necrotiz-
ing fasciitis. A number of treatment options are available, 
based on the patient (general health, compliance, and wishes), 
the jaws (number of teeth, periodontal status), the fracture 
(its site and complexity), the infection (acute or chronic, pres-
ence of suppuration), and the associated soft tissues (healing 
potential). No one treatment has been shown to be the most 
appropriate for all case scenarios and various options and 
protocols are available.

Depending on the general condition of the patient, sever-
ity of the infection, time since repair, and adequacy of reduc-
tion, treatment may include:

• oral or intravenous antibiotics with our without incision 
and drainage of any pus.

• antibiotics and IMF.
• antibiotics and immediate removal of plates with or 

without IMF or external fixation if fracture is mobile.
• antibiotics and immediate removal of plates with or 

without rigid fixation if fracture is mobile.74

• for minor infections, treat with antibiotics and leave the 
plates in situ, or remove them later.

The principles of management are therefore to control the 
infection (incision and drainage, and antibiotics), remove any 
focus of infection (dental roots, third molars, sequestra, or 
plates and screws), optimize the healing environment 
(patient’s health, oral health) and immobilize the fracture. 
This latter principle is where opinions vary and a number of 
strategies have been reported. IMF is the traditional method, 
keeping the fixation device remote from the infection, but has 
drawbacks as previously outlined. External fixation is a useful 
alternative. Rigid internal fixation may seem inappropriate, 
but in fact has a well-published success rate if properly under-
taken. The key here is that fixation is rigid. Review of the 
literature shows that this approach is biologically sound and 
clinically effective so long as the fixation is rigid.

Most infections are polymicrobial. A member of the peni-
cillin family is a good choice for treatment of early infections 
(if the patient is not allergic), whereas clindamycin may be 
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Only a few large series have been published, making sound 
evidence-based management difficult and controversial.78 
This is complicated by the fact that these fractures have a 
number of different predisposing causes which may affect 
bone healing in different ways. Patients may be immunocom-
promised, and present with grossly infected and nonviable 
bone. Treatment of the pathology usually takes priority, with 
fracture management depending on the resulting bony defect. 
Benign pathologies such as cysts have been successfully 
managed by marsupialization/enucleation together with 
external fixation, reconstruction plates, and bone grafts. In 
those cases where there is good bone-to-bone contact across 
the fracture, miniplate fixation has been reported to be reli-
able.79 However in cases where healing is compromised, bone 
may need to be excised, and the resulting defect temporarily 
reconstructed using large reconstruction plates. Treatment of 
the defect will then depend on how much viable bone remains 
following this. Preoperative magnetic resonance imaging 
(MRI) may be useful in delineating the extent of marrow 
involvement, as an aid in deciding how much bone will need 
to be resected. Resecting back to bleeding bone may not be 
adequate and some reports recommend resection up to 1 cm 
past clinically “normal” looking bone. Some surgeons have 
attempted to preserve the inferior alveolar nerve, although 
results have been disappointing.

Options for reconstruction include primary free bone 
graft, delayed secondary bone graft, and primary microvas-
cular reconstruction. This last choice provides the best out-
comes with large defects (over 6 cm), as well as the ability to 
supply healthy soft tissues to the pathologic site. This has been 
used successfully in cases of ORN, bisphosphonate osteone-
crosis, and osteomyelitis.

At the other end of the treatment spectrum, nonsurgical 
measures are sometimes successful. These are highly case 
dependent but may be considered in minimally displaced 
fractures, secondary to benign pathology, in patients too frail 
for surgery or who refuse treatment. Successful management 
has been reported with simple measures such as a soft diet 
and leaving out the dentures. The aim here is to achieve a 
fibrous pain-free union with intact overlying mucosa.

COMMINUTED fRACTURES

These are technically difficult to repair and commonly associ-
ated with complications.80 Comminution implies high energy 
transfer at the moment of impact, a significant proportion of 
which is transferred to and damages the surrounding soft 
tissues. Often the overlying skin is split and so many of these 
fractures are open and contaminated. Not only is the vascu-
larity compromised but multiple fragments, some small, are 
difficult to stabilize without using an excessive number of 
plates, all of which are foreign bodies. These small fragments 
are often difficult to manipulate and secure, while maintain-
ing their soft tissue attachments, and are therefore at risk of 
becoming devitalized later on. All this results in a high risk 
for fragment necrosis, sequestration, nonunion, infection, 
and in some cases continuity defect. The key to successful 
management is therefore maintaining adequate immobiliza-
tion of the fragments and sufficient vascularity, while mini-
mizing contamination and preventing subsequent infection.

Traditionally, management of these fractures used closed 
techniques, thereby avoiding periosteal stripping and further 

common. The concern with retained devitalized or periodon-
tally involved teeth is that they may encourage infection in 
the fracture and ultimately nonunion or abscess formation. 
However this is not likely in every case. Vital, functional or 
unerupted teeth with surrounding healthy periodontal tissues 
can be safely left in situ in most instances and, if problems 
develop, removed once the fracture has healed. Indications 
for removal of the tooth therefore include:

• Root fractures (devitalized roots can act as a nidus for 
infection).

• The tooth interferes with fracture reduction. This is often 
the case in underdeveloped third molars.

• The presence of obvious pericoronal or periodontal 
infection.

• The presence of associated pathology (e.g., cysts).

If a tooth needs to be removed it is sometimes better to 
plate the fracture first, then remove the plate before elevating 
the tooth. Removing bone to get a tooth out should be avoided 
as much as possible. This decision is particularly relevant for 
wisdom teeth, which sometimes help to stabilize the fracture. 
Once they have been elevated, precise reduction and stabili-
zation of fractures can often become tricky.

CORONOID fRACTURES

This is an uncommon fracture, comprising around 0.5% to 
1% of all mandibular fractures. Often it arises as an avulsion- 
type fracture, due to the pull of the attached temporalis 
muscle tendon.77 However, impacts directly onto the side of 
the face can also result in these fractures. In such scenarios 
the zygomatic arch may also be fractured. Management of 
isolated coronoid fractures is usually nonsurgical. When the 
zygomatic arch has been fractured it is commonly taught that 
there is a risk of ankylosis between the two healing sites and 
that surgical treatment is necessary. Being such a rare fracture 
the evidence for this is more anecdotal, although it seems 
logical. Coronoidectomy of the fracture fragment is a rela-
tively easy procedure if the fractured tip hasn’t retracted 
upward. If no surgery is undertaken, aggressive jaw exercises 
(chewing gum is useful for this) may prevent ankylosis.

PATHOLOGICAL fRACTURES

These are rare fractures, comprising around 1% or 2% of all 
mandibular fractures. Their management can be extremely 
difficult, time consuming, and outcomes are often unsatisfac-
tory. Definitions vary and include “fractures that result from 
normal function or minimal trauma in a bone weakened by 
pathology”, and “a fracture which occurs through a pre-
existing lesion or in a diseased part of the bone”. These defini-
tions include a diverse group, but do not include the severely 
atrophic mandible, which can be argued not to be pathologi-
cal, but rather a consequence of aging. Nevertheless both 
groups are difficult to treat and are considered together in 
some studies. The atrophic mandible is discussed separately 
later. Although a significant number of pathological fractures 
are due to osteoradionecrosis (ORN), newer etiologies such 
as bisphosphonate-induced osteonecrosis and fractures  
following implant placement are now becoming more 
frequent.
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with fibrous union or nonunion, when the height of the man-
dible is less than 10 mm. At heights above 20 mm conven-
tional miniplate fixation is usually effective and mandibles 
with 30 mm or more vertical height are considered as 
nonatrophic.84

A number of treatment options are available; each has 
advantages and disadvantages compared to the others. These 
include nonintervention, the use of existing dentures wired 
to the jaw (with or without IMF), external fixators, miniplat-
ing (both sub- and supraperiosteal), and heavier reconstruc-
tion plates. Elective bone grafting has also been shown to be 
a useful adjunct, although this does carry the risk of addi-
tional morbidity at the donor site.

In minimally displaced fractures, a very soft diet and close 
observation may allow fibrous union to occur. Although not 
an anatomical result, this avoids surgery in often very frail 
patients, whose dentures can be realigned to fit, once the 
fracture is firm. Close observation is essential to ensure that 
the bone fragments do not erode through the overlying 
mucosa. Closed reduction may also be effective although 
immobilizing the fracture with the patient’s denture is often 
difficult, even if it fits well. Nevertheless this is a useful option 
in patients unwilling or unable to undergo general anesthesia. 
Alternatively, occlusal splints (Gunning) may be fabricated to 
reestablish arch relationships. Longer periods of maxilloman-
dibular fixation are recommended in elderly patients to allow 
for healing. External fixation can be used in patients where 
there are major concerns about healing, or where the bone is 
comminuted.

Open reduction in the atrophic mandible may be under-
taken in many cases and is considered by some to give supe-
rior results. This approach is based partly on the orthopedic 
literature, which has shown a good relationship between sta-
bility and healing in poorly vascularized bone. It is also well 
reported that small avascular bone fragments or bone grafts, 
if adequately stabilized, will become incorporated and 
promote healing. Different philosophies exist and fixation 
varies from the use of large rigid reconstruction plates to the 
less aggressive use of semirigid miniplates.85 Current areas of 
controversy in the literature include:

• open versus closed treatment.
• intraoral versus extraoral approach.
• subperiosteal versus supraperiosteal dissection.
• type of internal fixation hardware (miniplates versus rigid 

plates, locking versus nonlocking systems).
• simultaneous bone grafting.86

Fixation with transosseous wiring is often associated with 
a relatively high incidence of complications due to the amount 
of soft tissue stripping required and the lack of rigidity 
achieved. This can also occur when small miniplates are used. 
Near-rigid internal fixation is therefore recommended by 
some surgeons. This usually requires the use of at least 
2.0-mm plating kits, with at least three screws on each side 
of the fracture. Larger reconstruction plates (2.7 mm ) have 
also been recommended, but carry the risk of nerve injury 
and devascularization of the bone. The larger screws them-
selves can fracture the severely atrophic mandible during 
placement. Smaller kits (2.3 mm) require less periosteal strip-
ping. In some cases, simultaneous bone grafting may be 
undertaken, although there is little in the literature to 

devitalizing the bone. However, these techniques cannot 
guarantee adequate immobilization of all the fragments, 
although they do work well in selected cases. A number of 
techniques are available and have been previously discussed, 
notably IMF and/or external fixation. More recently, a more 
aggressive approach of open reduction and rigid internal fixa-
tion has been advocated. A number of reports have argued 
that maintaining the periosteal attachment, and therefore 
blood supply, is not as critical as providing stabilization of the 
bony fragments, so long as the fixation is rigid. Two elements 
are essential—the fixation needs to be fully load-bearing and 
there must be absolute stability across the fracture. Under 
these circumstances small bone fragments can then be 
replaced and fixed as free bone grafts, with a good chance for 
rapid bone healing and a low rate of infection.

The choice therefore lays between maximizing the soft 
tissue attachments and vascularity (using IMF / external fixa-
tion) and maximizing stability across the fragments (by load- 
bearing osteosynthesis).81 Unfortunately the application of 
both is mutually exclusive, although some surgeons compro-
mise by using smaller miniplates, with less periosteal dissec-
tion, supplemented with IMF. Whichever approach is 
undertaken there will always be a risk of infection, nonunion, 
or malunion. With very high impact energies, such as blast 
injuries, some surgeons recommend delaying treatment at 
least several days or longer. This enables nonvital tissue to 
demarcate itself, which can then be excised as part of the 
definitive repair. Once the airway is secure and hemorrhage 
controlled, these injuries are not life-threatening and can wait 
while further imaging (notably CT) helps define the extent of 
the fracture. Temporary IMF or external fixation can be used 
in the interim.82

THE ATROPHIC MANDIBLE

Fractures of the severely atrophic edentulous mandible are a 
difficult challenge. Once teeth are removed, progressive 
resorption of the alveolar crest and basal bone occurs, espe-
cially when the overlying mucosa is loaded with a dental 
prosthesis. With a depleted or absent dentition to dissipate 
the energy of impact and stabilize the segments, many frac-
tures are significantly displaced due to impact and subsequent 
pull of the attached muscles. Greater understanding in fixa-
tion techniques and bone healing has now resulted in better 
outcomes. It is often stated that with increasing age there is 
decreased vascularity in the mandible, secondary to decreased 
flow in the inferior alveolar artery.83 This study was based on 
angiograms carried out for vascular problems, so it may not 
be a “normal” situation. Consequently, the edentulous man-
dible depends more on the surrounding periosteum for its 
nutrition. In addition, the elderly mandible is often sclerotic 
and has decreased osteoblastic activity. With this loss of bone 
volume and vascularity the mandible becomes more suscep-
tible to fracture. To add to these difficulties many patients are 
elderly, in whom general health and ability to heal is reduced. 
Not surprisingly therefore there is a significant rate of non-
union, malunion, and infection. A direct relationship between 
the height of the bone in the fractured area and the incidence 
of complications has been shown and this forms the basis of 
a simple classification system. Atrophic edentulous mandi-
bles can be classified as class 1 (16-20 mm), class 2 (11-15 mm), 
or class 3 (10 mm or less). Fixation failure more often occurs 
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demonstrate that this provides major benefit. However, bone 
grafts may be useful in patients presenting late with non-
united fractures. These are believed to increase the osteogenic 
potential of the fracture site. Grafting has to be balanced 
against the risks of potential morbidity at the donor site (rib, 
iliac crest, and tibia have all been used).

To date, the best way to manage these difficult fractures 
has not been clearly identified. The literature can be some-
what confusing if taken on face value. However it is worth 
noting that a 2007 Cochrane database review on the manage-
ment of fractured edentulous atrophic mandibles found that 
there was inadequate evidence for the superior effectiveness 
of any single approach over the other alternatives.87 Until a 
high level of evidence is available, treatment decisions should 
continue to be based on the clinician’s prior experience and 
must always be considered on a case by case basis. Close 
follow-up is advised.

CONCLUSION

The successful management of fractures of the mandible 
requires a sound understanding of its complex anatomy, 
pathophysiology, articulations, dental occlusion, and related 
structures and biomechanical forces. Modern fracture repair 
is based on anatomic reduction, stabilization and (semi) rigid 
internal fixation techniques. Yet these are unlikely to work if 
either the patient or soft tissue environment are significantly 
compromised. It is not just a case of fixing the bones with big 
plates. Continued research in materials and techniques will 
further refine our treatments. Good aftercare is important in 
all trauma—just because the operation went well, it does not 
mean that the outcome will be good.
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According to most large series reported in the litera-
ture, fractures of the mandibular condyle account for 
26% to 57% of all mandibular fractures. The male-to-

female sex ratio ranges from 3 : 1 to 2 : 1 depending on which 
population is studied. Between 48% and 66% of patients with 
condylar fractures also have a fracture of the mandible body 
or angle.

Approximately 84% of condylar fractures are unilateral, 
and the most common causes are interpersonal violence, 
sports injury, falls, and road traffic accidents. According to 
Silvennoinen et al.,1 approximately 14% are intracapsular, 
24% condylar neck, 62% subcondylar, and 16% associated 
with severe displacement. The highest incidence of fractures 
is seen in patients between 20 and 39 years of age.

Fractures may be classified according to their location: 
intracapsular or condylar head, condylar neck, and subcon-
dylar. Further subdivision may be made according to devia-
tion, displacement, and dislocation of fragments in relation 
to the glenoid fossa. The importance of any classification is 
to be able to identify a subgroup so that outcomes can be 
meaningfully compared.

To avoid confusion, it should be noted that in the literature 
from continental Europe, the term “dislocation” may be used 
to indicate displacement, as it would be called in the United 
Kingdom and in the United States. Likewise, the European 
term “luxation” may be used instead of dislocation (UK/
USA). In this chapter, the UK/USA nomenclature is used.

Classifications include that of Spiessel and Schroll2:

Type I: Undisplaced condylar neck fracture
Type II: Displaced low condylar neck fracture
Type III: Displaced high condylar neck fracture
Type IV: Fracture-dislocation—low neck
Type V: Fracture-dislocation—high neck
Type VI: Head or intracapsular fracture

Other classifications include those of MacLennan3 and 
Lindahl and Hollender.4

The classification adopted by the Strasbourg Osteosynthe-
sis Research Group (SORG)5 in their pan-European prospec-
tive, randomized, controlled trial6 was as follows (Fig. 16-1):

1. Diacapitular fracture (through the head of the condyle): 
The fracture line starts in the articular surface and may 
extend outside the capsule.

2. Fracture of the condylar neck: The fracture line starts 
somewhere above line A, the perpendicular line through 
the sigmoid notch to the tangent of the ramus; in more 
than half of cases, it runs above the line A in the lateral 
view.

3. Fracture of the condylar base: The fracture line runs 
behind the mandibular foramen and, in more than half of 
cases, below line A.

There has been a change in the evolving nomenclature of 
fractures of the condylar head. Previously, these fractures 
were known as intracapsular fractures, but it was found that 
in large numbers of cases, the condylar head fracture extends 
outside and inferior to the capsule on the medial aspect. This 
name was therefore abandoned because it is anatomically 
incorrect. The more accurate name, diacapitular fracture, was 
then adopted.

Subsequently, a more anatomical nomenclature was  
proposed,7 in which condylar head fractures were divided 
into three types (Fig. 16-2). More recently, the importance of 
associated ramus shortening with these injuries was high-
lighted as an indicator for open intervention.8 Almost any 
direction of fracture propagation is possible, and in general, 
the greater the displacement of fragments, the less favorable 
the outcome.

Condylar fractures are complicated by their intimate rela-
tionship with the temporomandibular joint (TMJ). Direct 
fracture involvement of the joint or prolonged immobiliza-
tion during treatment can lead to problems with deranged 
occlusion, internal derangement of the joint, ankylosis, and 
reduced mandibular growth. Symptomatically, these condi-
tions manifest with long-term pain, limitation of jaw move-
ment and function, asymmetrical growth, and malocclusion. 
TMJ ankylosis due to trauma is thought to account for only 
0.4% of ankylosis cases.

In contrast to mandibular body fractures, which are now 
almost universally treated with osteosynthesis plates, there 
exists considerable variation in the management of condylar 
fractures in patients older than 12 years of age. Protagonists 
of conservative (closed) treatment methods cite evidence in 
the literature of satisfactory outcome with closed fracture 
management. They believe that the risks of scar formation, 
seventh nerve injury, and vascular compromise to the condy-
lar head usually are not justified in simple condyle 
fractures.
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In this chapter, we attempt to draw on the published litera-
ture, consensus practice, and our own unit’s policies to guide 
the reader in practical decision making when managing these 
fractures.

CLINICAL fINDINGS AND INVESTIGATIONS

Most condylar fractures are a result of blunt trauma to the 
anterior mandible. Forces are transmitted to the condylar 
region, where posterior movement of the mandible is limited 
by the glenoid fossa, the TMJ capsule, and insertion of the 
lateral pterygoid muscles. When the force is sufficient to over-
come the strength of the condylar region, fracture follows. 
Trauma involving the open mouth leads to flexion fractures 
of the condyle. Symmetrical impact is said to cause bilateral 
fractures. Unilateral impact causes contralateral condylar 
fractures, and shearing forces are thought to produce intra-
capsular fractures. Closed-mouth fractures tend to distribute 
some of the energy to the occlusal surface of the teeth, and 
cuspal fractures are common.

Under the influence of the masticatory muscles, the man-
dibular ramus may shorten vertically and produce premature 
occlusal contacts distally (Fig. 16-3). The condylar fragment 
can dislocate out of the fossa, usually in an anterior direction; 
however, it may displace laterally, medially, or centrally into 
the middle cranial fossa. Any combination of fractures is pos-
sible, and joint maceration poses considerable surgical and 
healing difficulties.

Direct trauma to the TMJ area is unusual but may be 
associated with fractures of the zygomatic complex.

The derangement of the occlusion may give an indication 
of the fracture pattern. A unilateral fracture with sufficient 
fragment overlap or dislocation results in premature poste-
rior contact and midline deviation on the affected side. Bilat-
eral condylar fractures with overlap or dislocation produces 
bilateral posterior premature contact and anterior open bite 
with little or no chin deviation.

Comminuted mandibular fractures with bilateral condyle 
fractures produce crossbites and tend to increase the interan-
gular distance, making accurate reduction challenging. 
Failure to recognize and correct this increased interangular 
distance leads to fixation of the body with a malocclusion 
(Fig. 16-4). Accurate reduction with the use of temporary 
intermaxillary fixation (IMF) avoids this problem and is 

FIGURE 16-1  Strasbourg Osteosynthesis Research Group (SORG) 
classification of condylar fractures: (A) high or condylar neck fracture; 
(B) low or condylar base fracture; (C) diacapitular fracture. 

A

A

A

B

C

FIGURE 16-2  Types of condylar head fracture: type A, through the 
medial part of the condylar head; type B, through the lateral part; type 
C, near the attachment of the lateral capsule. 

A B C

FIGURE 16-3  Orthopantomogram  demonstrating  right  condylar 
fracture with anterior and left-sided open bites. 
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• inability to obtain adequate occlusion by nonsurgical 
treatment.

• invasion by foreign body or gross contamination.
• lateral extracapsular displacement.

Relative indications are:

• bilateral fractures in edentulous jaws.
• IMF contraindicated for medical reasons.
• bilateral condyle fractures associated with comminuted 

midface fractures.

INDICATIONS fOR NONSURGICAL TREATMENT

Nonsurgical treatment may be the appropriate management 
strategy in cases of:

• condylar neck fractures in children <12 years of age.
• high condylar neck fractures without displacement.
• intracapsular (diacapitular) condylar fractures without 

loss of ramus height.
• poor anesthetic risk.

CONSERVATIVE CLOSED fUNCTIONAL 
TREATMENT

Definition of Closed Treatment
Closed treatment is treatment of condylar fractures by means 
other than surgical exploration, reduction, and fixation of the 
fracture line (i.e., not involving an open surgical exposure of 
the fracture). Traditionally, this has been achieved by arch 
bars, splints fitted over the remaining dentition, IMF, screws, 
or bonded brackets. Once reduction of the occlusion has been 
achieved, a period of immobilization may be required to 
encourage bony healing. Early mobilization is advised to 
minimize the risk of fibrous and bony TMJ ankylosis. This 
method of treatment is based on the principle that condylar 
nonunion is unlikely despite mobilization.

Definition of Closed functional Treatment
Closed functional treatment involves the principles of closed 
treatment but is followed by at least 3 months of rehabilita-
tion, including guiding elastics and mobilization regimens. It 
was found that when a full range of jaw movement is attained, 
normal jaw growth is not hindered. Adult muscles are more 
powerful than children’s and commonly cause jaw shift, 
leading to malocclusion. The application of elastics to guide 
the occlusion allows some degree of remodeling and articula-
tion in its new position. Early mobilization reduces the devel-
opment of soft tissue scarring and promotes increased 
mobility. Use of intermittent maxillomandibular elastic trac-
tion each night, followed by release in the morning for full 
daytime use, results in daily stretching of the soft tissues. The 
motion enables linear and circumarticular healing of these 
tissues sufficient to allow a full range of joint and jaw move-
ment. Scarring and tethering are inevitable, but this treatment 
may allow full jaw mobility. Repeated holding of the jaw in 
occlusion at night results in a balance between remodeling of 
the condylar fracture and firm extension of the soft tissue 
healing. These are the principles of closed functional 
treatment.

worth the time and effort before fixation of the mandibular 
body with miniplates.

Radiological imaging in two planes is required. An ortho-
pantomogram (OPG) and posteroanterior (PA) mandible 
films are commonly used. Other projections include reverse 
Towne’s, lateral oblique, and basic tomographic views.

If surgery is being considered, computed tomography is 
recommended and may identify previously undiagnosed sag-
ittal (diacapitular) or comminuted fractures. If meniscus and 
capsular disruption are suspected, magnetic resonance 
imaging is also advisable.

MANAGEMENT STRATEGIES

The aims of condyle fracture treatment are to achieve:

• pain-free mouth opening with interincisal distance 
>40 mm.

• good movement of the jaw in all excursions.
• restoration of the pre-injury occlusion.
• stable TMJs.
• good facial and jaw symmetry.

Much of the debate is based on the fact that not all of these 
goals have an equal impact on the patient’s quality of life and 
outcome. For example, a jaw that deviates on opening is less 
of a problem than a severe anterior open bite.

INDICATIONS fOR OPEN REDUCTION AND 
INTERNAL fIXATION

Absolute indications for open reduction and internal fixation 
(ORIF) in adult patients are:

• displacement into the middle cranial fossa or external 
auditory meatus.

FIGURE 16-4  Three-dimensional  computed  tomogram  demon-
strates symphyseal and bilateral condylar  (Guardsman’s)  fractures  in 
which the fixation of the symphyseal fracture has been inadequate with 
splaying  of  the  lingual  cortex  and  increase  in  the  interangular 
distance. 
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Mouth opening was recorded as abnormal immediately 
after treatment in 55% of cases; after 1 year, this had fallen to 
only 10%. In these patients, there was an almost equal distri-
bution between unilateral and bilateral fracture pattern. 
Among patients with persistent limitation of movement at 1 
year, 69% were treated by IMF and the remainder had soft 
diet alone. Malocclusion was detected in only 2% of the 348 
patients assessed. On review of the degree of displacement 
and malocclusion, it was found that 31% of patients with 
bilateral displacement but only 5% of those with unilateral 
displacement developed malocclusion. Of the overall 2% with 
malocclusion, most could be treated with simple occlusal 
grinding; the remainder of patients were not concerned and 
did not wish further treatment. Only one patient required a 
sagittal split osteotomy to correct the malocclusion. Devia-
tion on opening was recorded in 10% of cases and was more 
frequently associated with high forces at impact. The results 
were amalgamated to conclude that there were more com-
plaints in the bilateral fracture group compared with the uni-
lateral fracture group when measured objectively.

There was no record of the degree of angulation or overlap 
at presentation in Marker’s publication, but Silvennoinen 
et al.1 estimated that 50% of condylar fractures would fall into 
the operative category, and that estimate suggests that there 
should be more dissatisfied patients. However, complaints 
were few. Marker’s group therefore concluded that such rules 
are by no means a definite criterion for surgery. They advo-
cated closed treatment but were cautious in applying this 
method to dislocations of the condylar head and bilateral 
fractures.

Joos and Kleinheinz12 published a prospective study of 122 
adult patients with 138 condylar fractures. Fracture types 
were limited to Spiessel type II and type IV low condylar neck 
fractures. The patients were allowed to choose between closed 
and open treatment. Assessment included clinical examina-
tion, three-dimensional axiography, radiographic assessment, 
and ultrasound TMJ evaluation. The results showed no sig-
nificant differences in outcome. The authors also tried to 
predict mathematically the potential for vertical repair and 
angulation repair in the nonoperated condyle. They con-
cluded that 6 degrees of angulation can resolve and 4 mm of 
height can be regained. However, angles greater than 37 
degrees can remodel little and lead to clinical problems.

Hidding et al.13 retrospectively analyzed 34 patients with 
unilateral displaced fractures of the condylar neck; 20 were 
treated surgically by ORIF and 14 by closed treatment. 
Outcome was assessed subjectively and analytically by axi-
ography, radiography, and clinical and functional examina-
tion. Although some significant differences in measurement 
parameters were found, they could not conclude from the 
patients’ own mastication ability that one group recovered 
better than the other. One possible limitation to this paper is 
that results were measured only 5 years after treatment, and 
possible long-term sequelae are not predictable. However, 
Dahlstrom et al.14 suggested that there was little long-term 
change in their series. The authors concluded that ORIF of 
the displaced condylar fracture should be undertaken on the 
grounds of better measurement criteria rather than subjective 
outcome.

Konstantinovic and Dimitrijevic15 compared surgical 
versus nonsurgical treatment of unilateral condylar process 
fractures. By computer-simulated graphic presentations of PA 

To encourage mobilization, mechanical devices have been 
developed to provide continuous passive motion. However, 
they are cumbersome and expensive. An alternative is the use 
of wooden spatulas to achieve 40 mm of interincisal opening. 
The number of spatulas placed between the upper and lower 
molar and premolar teeth is gradually increased until the 
desired opening is achieved. They are then taped together to 
allow use four to five times per day during the 3 months of 
rehabilitation. Protrusive and excursive movements are 
equally important during this period.

The literature is inconclusive regarding the success of con-
servative treatment, because series are often contradictory. 
Original work carried out by the Chalmers J. Lyon Club9 
provided the basis for the conservative approach, with  
good results reported in 120 cases treated conservatively. 
MacLennan3 and Blevins and Gores10 also published results 
supporting conservative treatment.

Based on research showing that bony union occurs in 
condylar fractures whether IMF is applied or not, the restora-
tion of occlusion in a unilateral or bilateral condylar fracture 
through the use of IMF for 7 to 10 days and nonrigid immo-
bilization for 3 to 4 weeks has provided a satisfactory func-
tional outcome in many reported series. If there is gross 
displacement of the condylar fragment, IMF can achieve 
function through bony union of the fracture ends followed 
by pseudoarthrosis and re-education of the TMJ system over 
a 2- to 6-month period.

These early studies have been criticized heavily. In the case 
of the Chalmers J. Lyon Club, only 60 of the 120 patients were 
examined; the remainder were surveyed by mail. In MacLen-
nan’s study, only 67 of the 120 patients were examined, and 
Blevins and Gore used a postal questionnaire. Furthermore, 
there was no stratification of severity of injury, and the case-
loads spanned all ages. Subsequently, it was found that bony 
remodeling and restoration of function vary with age, raising 
questions about the interpretation of these series.

EVIDENCE SUPPORTING CLOSED TREATMENT  
Of UNILATERAL CONDYLAR fRACTURES  
IN ADULT PATIENTS

Over a 12-year period, Marker et al.11 reviewed 348 patients 
who had closed treatment of mandibular condyle fractures. 
IMF was applied for 4 weeks in patients with condylar frac-
tures alone and for 6 weeks in those with combined fractures 
of the mandible body. Patients were assessed for complaints, 
mouth opening, malocclusion, and deviation after treatment 
and again after 1 year. In this series, 72% of patients had 
unilateral fractures, and 28% had bilateral condylar fractures. 
After 1 year, 13% of patients stated that they had one or more 
physical complaints, including reduction in mouth opening, 
deviation on opening, malocclusion, clicking, and limited 
chewing ability. In these 13%, there was no difference in 
severity or frequency of symptoms according to whether a 
unilateral or bilateral fracture pattern was present. However, 
there was an association between cause of fracture and com-
plaint. Unilateral fractures caused by sporting accidents and 
bilateral condylar fractures caused by road traffic accidents 
produced the greatest number of subjective complaints, 
although this difference was not statistically significant. Only 
3% of the 348 patients complained of pain in the TMJ or 
muscles.
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made clinically during surgery more reliably than with pre-
operative imaging studies. This conclusion was based on 
intraoperative assessment of mandibular deviation and 
“dropback.” If these are not found at operation, then open 
treatment is not necessary. However, closed functional treat-
ment can also be used successfully in patients displaying 
deviation and the dropback phenomenon.

EVIDENCE SUPPORTING OPEN TREATMENT Of 
UNILATERAL fRACTURES IN ADULT PATIENTS

Palmieri et al.19 studied 136 patients with fractures of the 
condylar process; 74 were treated by closed methods and 62 
by open methods. The patients were assessed for mandibular 
and condylar mobility at 6 weeks, 6 months, and 1, 2, and 3 
years after surgery. A jaw-tracking device was used to assess 
mandibular motion. Radiographs were traced and digitized 
to assess condylar displacement and condylar mobility. It was 
accepted that patients treated by open reduction had signifi-
cantly greater initial displacement of their condylar fractures 
compared with the closed-treatment group. As expected, con-
dylar malposition persisted after closed treatment compared 
with open treatment. At 6 weeks, some measures of mobility 
were significantly greater in patients treated by the closed 
method compared to ORIF. However, after 6 weeks, there 
were minimal differences between the two groups, and sub-
sequently there was significant improvement in mobility in 
the ORIF group. No measure of presurgical displacement 
correlated with mobility measures in patients treated by 
ORIF. However, several measures of condylar displacement 
correlated with measures of mobility in patients treated by 
the closed method, indicating that the more displaced the 
condylar process, the more limited the mobility. The authors 
concluded that patients treated by ORIF had somewhat 
greater condylar mobility than those treated by the closed 
method, even though the former group had more severely 
displaced fractures before surgery, and that ORIF can produce 
functional benefits in patients with severely displaced condy-
lar process fractures.

Worsaae and Thorn20 published a series in which they 
evaluated 52 patients (24 with dislocated fractures) who were 
randomly assigned to receive either ORIF (24 patients) or 
closed treatment (28 patients). All fractures were unilateral, 
and the condyles were displaced from the fossa or overlapped 
at the fracture site (or both). All patients were 18 years of age 
or older and dentate. High condylar neck fractures were 
excluded from the study. The open treatment consisted of a 
submandibular incision and wire osteosynthesis followed by 
6 weeks of IMF. The nonsurgical (closed) treatment consisted 
of an average of 30 days of IMF (range, 0 to 47 days). Both 
treatment groups had a median of 7 days of interarch training 
elastics after release of IMF. The mean follow-up period was 
21 months for the ORIF group and 30 months for the closed 
treatment group, with each group having the same range, 6 
to 64 months. The complication rate was 39% (11/28) in the 
nonsurgical group and only 4% (1/24) in the surgical group. 
The one patient with a problem in the surgical group had a 
collapse of the repositioned condyle and developed a maloc-
clusion and muscle pain. In the nonsurgical group, there were 
three patients with mandibular asymmetry, eight with maloc-
clusions, three with reduced mouth opening (<35 mm), two 
with persistent headaches, and six with muscle pain and 

radiographs of the mandible, actual posttreatment condylar 
reduction was compared with ideal reduction as determined 
by the computer. Based on standardized clinical evaluation 
(maximal mouth opening, deviation, and protrusion), no sta-
tistical difference was found between the open treatment (n 
= 26) and closed treatment (n = 54) groups. However, the 
radiographic examination showed a statistically better posi-
tion of the surgically reduced condyle process fracture. This 
study would seem to discourage open surgery on the grounds 
of overtreatment. However, the patients’ treatment methods 
were not randomized, and there were many more patients 
with severe condylar displacement in the surgical group, as 
stated in the article. Therefore, if one assumes that the likeli-
hood of problems after trauma becomes greater as the degree 
of condylar displacement increases, then this study also tends 
to support open treatment, because the two groups had 
similar treatment results.

Dahlstrom et al.14 reported on a 15-year follow-up of con-
servatively treated condylar fractures in 36 patients. This 
series provides the best data available on the long-term 
outlook of closed treatment. Those patients who had sus-
tained their injury in childhood had excellent results, with no 
growth restriction. Adults had some degree of restriction, as 
did the teenage group (12-19 years). Twice as many patients 
in the older group experienced symptoms of dysfunction 
compared with the younger group. Radiologically, the younger 
group showed better ability to restore condylar morphology. 
Interestingly, the symptoms and signs at 6 months were 
similar to those at 15-year follow-up, suggesting that long-
term gradual improvement cannot necessarily be expected. 
Also, it may be concluded that future study design may not 
need to be protracted.

In a prospective evaluation of 26 class VI fractures ran-
domized to ORIF or conservative treatment, Landes et al.16 
failed to demonstrate a benefit of the former treatment 
modality. Based on their results, the authors advocated closed 
treatment of these injuries. However, this study was based on 
a small cohort of patients, some of whom were not randomly 
allocated in order to achieve a balanced distribution between 
the two groups, thus deviating from the original protocol.

A study by Ellis et al.17 looked at the position of the con-
dylar fragment when closed treatment was deemed appropri-
ate and found that the condylar position was different after 
IMF than at the outset of treatment. This brings up the ques-
tion: If the condyle position in an individual meets operative 
criteria after IMF, should conservative treatment be aban-
doned for ORIF? In this study, 65 patients were treated by 
closed treatment. Coronal and sagittal displacement was 
assessed before, immediately after, and 6 weeks after IMF, and 
a statistically significant difference (mean, ↕5.5 degrees) in 
the coronal position of the condylar process before and after 
arch bars was found. The change in a sagittal plane was not 
statistically significant. Other planes of movement were 
noticed but did not reach significance. Further changes were 
noted at 6 weeks’ follow-up. The authors concluded that care 
must be taken in basing treatment decisions on the degree of 
displacement or dislocation of the condylar process observed 
on presurgical radiographs.

In a more recent study by Ellis,18 all unilateral extracapsu-
lar fractures treated over a 10-year period (1998-2008) were 
reviewed retrospectively. Ellis concluded that the determina-
tion of which patients would not benefit from ORIF can be 
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Axiographic examinations revealed significant limitation of 
movement of the fractured condyle in both groups. However, 
after open treatment, the TMJ displayed significantly fewer 
irregularities in the condylar paths.

More recently, several clinical trials have attempted to 
address the clinical controversy surrounding decision making 
in relation to condylar fracture treatment.6,25,26 The data pro-
vided by these randomized, prospective studies indicate that 
better functional results can be expected by open reduction 
and internal fixation for moderately displaced condylar  
fractures with ramus shortening compared with closed 
treatment.

The SORG prospective, randomized trial involved seven 
international centers and compared operative and conserva-
tive treatment of displaced condylar fractures.6 The results 
were clearly in favor of the operative approach. The trial 
reported on 66 patients treated for 79 fractures and followed 
up for 6 months. Evaluation included radiographic assess-
ment and clinical, functional, and subjective parameters 
including visual analogue scales for pain and the Mandibular 
Function Impairment Questionnaire index for dysfunction. 
Operative treatment was found to be superior in terms of all 
of the objective and all but one of the subjective functional 
parameters.

In another prospective, randomized trial, conducted 
between 2007 and 2009, both treatment options for condylar 
fractures yielded acceptable results. However, operative treat-
ment was superior in terms of all objective and subjective 
functional parameters except occlusion.25

BILATERAL CONDYLAR fRACTURES IN ADULTS

In the consensus study by Baker et al.,27 bilateral undisplaced 
fractures of the condyle were managed similarly by surgeons 
throughout the world. However, the introduction of condylar 
displacement, dislocation, and intracapsular fracture patterns 
revealed great variation in treatment preference when dealing 
with bilateral condylar fractures.

The Gronigen Consensus Group28 determined that there 
was good evidence that displaced bilateral condylar fractures 
benefit from treatment of at least one side by ORIF. It was 
accepted that this may cause an increased risk of even further 
displacement on the other side. It was noted that some dis-
placed bilateral fractures can be treated successfully by the 
closed method but that predicting a favorable outcome is 
difficult.

Newman29 published a series of 61 patients with bilateral 
condylar fractures; 51% of patients had bilateral condylar 
fractures alone, and the remainder also had other fractures, 
mainly parasymphyseal. Almost half of the condylar fractures 
(46%) were undisplaced. In 39 patients (21%), the condylar 
fractures were managed by the closed method with wire rigid 
IMF for a mean of 37 days; 13 patients had conservative 
management (no intervention), and 9 patients (15%) with 10 
fractured condyles underwent ORIF. The most common 
complaint after treatment was persistent limitation in mouth 
opening, which was significantly less in the ORIF group com-
pared with the IMF group (mean opening ± standard devia-
tion, 44 ± 2 mm versus 28 ± 2 mm; P < .01). More importantly, 
10% of the patients treated by IMF required orthognathic 
surgery to correct a persistent anterior open bite, despite the 
long periods in rigid IMF. The authors also commented that 

impaired masticatory function. The median mouth opening 
for both groups was 45 mm, despite the relatively long periods 
in IMF; therefore, the extent of mouth opening alone did not 
separate the two groups. This study could have produced 
better results if more rigid fixation had been used instead of 
wire osteosynthesis. Also, IMF was used in both treatment 
groups.

Eckelt21 published a series of 103 patients treated by ORIF, 
26 of whom had bilateral fractures. The results were far more 
superior than those achieved with closed treatment. He 
reported normal anatomical alignment in 84% and limitation 
of protrusion in only 6% of cases.

Hidding et al.13 investigated 34 patients with displaced 
fractures of the condylar neck, of whom 20 had been treated 
by open reduction and 14 by closed functional treatment. 
Assessment was by clinical, radiographic, and axiographic 
means. The clinical results were almost equal in both groups, 
but instrumental registration and radiographic findings 
showed considerable deviation in joint physiology in the 
closed-treatment group. Nineteen of the 20 patients who 
underwent surgery showed near-anatomical reconstruction 
with good functional results. It might reasonably be assumed 
that these patients would do better functionally in the long 
term as well.

Takenoshita et al.22 reported a comparison of open and 
closed reduction in 36 cases of condylar fracture with a 2-year 
follow-up. Sixteen patients underwent ORIF via preauricular 
and short Risdon incision, followed by 3 weeks of IMF. The 
other 20 patients were treated by only 3 weeks of IMF. The 
two groups were not randomly selected. The ORIF group was 
selected for surgery because they had dislocated or severely 
displaced condylar processes. The authors’ comparison 
showed that both groups had a similar result. If one assumes 
that severe condylar displacement is more likely to result in 
compromised jaw function, for which there is some evidence, 
then ORIF was beneficial for this surgical group. Again, IMF 
was used in both groups studied.

In a prospective investigation spanning 7 years, Ellis et al.23 
studied occlusal results after open and closed treatment of 
unilateral condylar fractures. Treatment was decided accord-
ing to patient choice after explanation of the two treatment 
modalities. Assessment of occlusion was made by examina-
tion of posttreatment standardized occlusal photographs by 
an orthodontist (blinded condition) and by surgeon 
(unblinded). Patients treated by ORIF had significantly more 
pretreatment condylar displacement than those treated by the 
closed technique. Patients treated by the closed technique had 
a significantly greater percentage of malocclusion than those 
treated by ORIF.

Hlawitschka et al.24 compared the results of open and 
closed treatment of diacapitular fractures of the mandible. 
Fifteen such fractures, associated with ramus shortening, 
were treated by ORIF. Outcomes were compared with those 
of 34 similar fractures treated with the use of a closed- 
technique. After ORIF, patients showed better radiological 
results with regard to mandibular ramus height, resorption, 
and pathological changes to the condyle. In both groups, 
some signs of dysfunction persisted, although there were 
slightly better results in the ORIF group. In 30% of the closed 
treatment group, lateral deviation during mouth opening, 
crepitus, and occlusal disturbances were noted. No cases of 
occlusal disturbance were observed in the ORIF group. 
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Reported complications of open treatment include:

• poor esthetic result from the skin incision (particularly 
relevant if keloid scarring is likely).

• neural damage, especially to the facial nerve.
• intraoperative bleeding from the maxillary artery.
• loss of blood supply to the condylar head, leading to avas-

cular necrosis.

MANAGEMENT Of CONDYLAR fRACTURES  
IN PANfACIAL INJURY

Panfacial injuries pose considerable challenges to the maxil-
lofacial surgeon. Reduction and fixation of the facial skeleton 
must restore the correct anteroposterior (AP), lateral (width), 
and vertical dimensions. In the case of severe comminution 
of the midface and mandible, the only point of reference from 
which to start reconstruction is the stable posterior area (tem-
poral bone and proximal zygomatic arch). One works sequen-
tially to restore the AP projection, followed by reduction in 
width and restoration of the nasoethmoidal and orbital 
complex. Attention is then applied to accurate restoration of 
posterior vertical height by repositioning and fixation of the 
condylar ramus fracture. Access to the condylar fragment can 
be gained by extending the coronal incision that was used to 
access the zygomatic arch. Once posterior vertical height is 
restored, the anterior mandible can be fixed with accurate 
reduction in intercondylar width. Finally, occlusion is 
attended to, with fixation being applied lastly at the Le Fort I 
level, although some surgeons prefer to fix the occlusion at 
an earlier stage.

SURGICAL APPROACHES

SUBMANDIBULAR APPROACH  
(RISDON APPROACH)

The Risdon approach (Fig. 16-6) is best suited for low frac-
tures of the condylar neck and ramus.

Anatomical Points of Importance
The marginal mandibular branch of the facial nerve runs on 
the deep surface of the platysma and is most likely to be no 
more than 1.5 cm below the lower border of the mandible. 
The facial artery runs vertically at the anterior border of the 
masseter muscle. The facial vein runs with the facial artery 
but posterior to it.

Preparation and Draping
Conventional draping is done to allow exposure of the surgi-
cal field with the ear visible posteriorly and the corner of the 
mouth and lower lip anteriorly.

Incision Marking and Vasoconstriction
The proposed skin incision is marked before a vasoconstric-
tor (normal saline with 1 : 200,000 adrenaline) is infiltrated. 
The incision should be 1.5 to 2 cm below the lower border of 
the mandible (if possible), employing the natural skin creases. 
These do not parallel the lower border but do provide ease of 
extension, if required, with good cosmesis.

most of those requiring orthognathic surgery had minimal 
angulation at presentation. They concluded that the risk  
of complications from ORIF were minimal and that, in the 
case of bilateral condylar fractures, ORIF should be under-
taken on at least on one side if displacement or angulation is 
present.

Our unit policy involves the use of interarch elastic trac-
tion for a period of 1 week, followed by further assessment. 
If the occlusion is found to be satisfactory and the condylar 
fragments are undisplaced on OPG and PA views, we treat 
the fracture by the closed method. If the fragments are  
seen on one side to be overlapped by more than 2 mm or  
if the angulation is greater than 10 degrees, we select ORIF 
of the displaced fracture. If both sides show significant  
displacement and measurement of angulation and overlap  
are greater than the values stated, we advise ORIF on both 
sides (Fig. 16-5), with each side being assessed on its own 
merits.

Particular care is needed to achieve very accurate reduc-
tion of the fragments before fixation. It may not be possible 
to hold the teeth in occlusion during the fixation procedure, 
because a downward distraction of the angle may be the only 
way to retrieve and reduce the condylar fragment. Once sat-
isfactory fixation is achieved, the patient can be mobilized 
immediately postoperatively. To date, we have not experi-
enced any seventh nerve injury that would change this policy.

The benefits of ORIF are:

• direct visualization of the fragments for accurate reduc-
tion and fixation.

• early mobilization of the mandible.
• early restoration of normal mouth and jaw activity.

FIGURE 16-5  Composite  computed  tomographic  scan  showing 
preoperative  and  postoperative  position  after  bilateral  condylar 
fractures. 
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resorbable suture followed by interrupted subcuticular 
stitches. Finally, the skin is closed with nylon.

SUBMANDIBULAR APPROACH—CONTINENTAL

The continental submandibular incision is at the level of the 
lower mandibular border. Dissection is carried out above the 
masseter, identifying the seventh nerve branches. Medial dis-
section, splitting the masseter muscle to the ascending ramus, 
gives good exposure.

RETROMANDIBULAR APPROACH

The retromandibular approach is more suitable for low con-
dylar fractures (Fig. 16-7). There are a number of approaches 
that surgeons call “retromandibular.” The most common type 
is described first.

Anatomical Points of Importance
The main trunk of the facial nerve divides into the temporo-
facial and cervicofacial divisions. The marginal mandibular 
branch courses obliquely, inferiorly and anteriorly. It often 
arises from the main trunk behind the posterior border of the 
mandible, crossing the ramus at its lower border. This allows 
good access with relative safety between the buccal branch 
and the marginal mandibular nerve. The retromandibular 
vein courses through the parotid gland superficial to the 
external carotid artery.

Preparation and Draping
Draping should expose the entire earlobe and the angle of the 
mandible. The mouth should also be visible.

Incision Marking and Vasoconstriction
The incision line begins 0.5 cm below the earlobe and con-
tinues inferiorly for 3 to 3.5 cm. It is located behind the 
ascending ramus of the mandible and may be extended infe-
riorly. Normal saline with 1 : 200,000 adrenaline is injected 
into the operative field.

Dissection
The skin and subcutaneous tissue are incised, revealing the 
parotid capsule. Before the capsule is incised, the skin is 
undermined to allow retraction. The superficial musculo-
aponeurotic system (SMAS) and parotid capsule are then 
incised, and blunt dissection directly onto the posterior edge 
of the mandible is undertaken with a hemostat. The hemostat 
should be opened parallel to the anticipated direction of the 
nerve. The marginal mandibular branch may be directly 
encountered, or it can be sought with the aid of an electric 
nerve stimulator. Once the nerve has been identified, retrac-
tion can be performed in a superior or inferior direction. A 
flat instrument placed behind the ascending ramus holds the 
mandible steady to allow sharp dissection with a blade 
through the pterygomasseteric sling, subperiosteally. Blunt 
dissection superiorly, stripping periosteum, exposes the frac-
ture ends. Care must be taken when disimpacting the condy-
lar fragment from the masseter muscle.

Closure
It is possible to repair the pterygomasseteric sling with resorb-
able sutures. The insertion of a vacuum drain helps reduce 

FIGURE 16-6  Position of the various incisions for surgical manage-
ment of condylar fractures. Blue, Bramley-Al Khayat; yellow, preauricu-
lar; turquoise, rhytidectomy; red, retromandibular; green,
submandibular; purple, submandibular (continental). 

If there is shortening of the posterior mandibular height 
by telescoping of fragments, this should be taken into account 
when the site of the incision is planned.

Dissection
The skin and platysma are incised, exposing the superficial 
layer of deep cervical fascia. Care must be taken to avoid 
cutting the facial artery and vein. If they limit access, they can 
be tied and ligated or retracted. The marginal mandibular 
branch of the facial nerve lies superiorly and should be 
retracted gently with Langenback retractors. The dissection 
continues to the pterygomasseteric sling, which is incised 
with a scalpel along the inferior border, its most avascular 
area. With the aid of a periosteal stripper, the masseter is 
lifted off the lateral ramus. The dissection is continued supe-
riorly, the entire lateral surface of the ascending ramus of the 
mandible is exposed to the TMJ and the coronoid process. 
The fractured end of the proximal fragment is frequently 
embedded in the masseter and needs to be dissected free. 
Care must be taken not to shred the muscle or perforate the 
oral mucosa anteriorly.

Closure
It is possible to repair the pterygomasseteric sling with resorb-
able sutures. The insertion of a vacuum drain helps to reduce 
hematoma formation. Platysma can be closed by a running 
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FIGURE 16-7  Retromandibular  approach  demonstrating  place-
ment of fixation plate before (A) and after (B) reduction of the proximal 
fragment. 

A

B

hematoma formation. Closure of the parotid capsule and 
SMAS layer must be meticulous to reduce the chance of for-
mation of a salivary fistula. Platysma, once defined, can be 
closed by a running resorbable suture followed by interrupted 
subcuticular stitches. Finally, the skin is closed with nylon.

RETROMANDIBULAR APPROACH—DEEP

Some surgeons dissect down to the sternocleidomastoid 
muscle, then deep to the superficial lobe of the parotid gland, 
and approach the posterior ramus from a deep angle, with the 
branches of the seventh nerve superficial to the dissection.

RETROMANDIBULAR APPROACH—HORIZONTAL 
THROUGH PAROTID

Some surgeons have advocated dissection above the parotid 
gland and incision horizontally through the parotid gland 
and masseter muscle, between the buccal and marginal man-
dibular branches of the seventh nerve, to gain access to the 
ascending ramus.

MODIfIED BLAIR INCISION APPROACH

The modified Blair approach is suitable for both low and high 
condylar fractures. It combines the preauricular and retro-
mandibular approaches and offers increased exposure. It is 
particularly good for demonstrating the upper TMJ and the 
meniscus. It is used for repositioning and fixing intracapsular 
and very high TMJ fractures.

PREAURICULAR AND AURICULAR APPROACH

This approach gives good access to the TMJ, allowing repair 
of capsular disruption, and is suitable for high condylar frac-
tures. The facial nerve is preserved in the modification by Al 
Khayat and Bramley (Fig. 16-8). The incision is started supe-
riorly through the scalp, and the temporalis fascia is identi-
fied. Development of the flap in this plane is carried out 
anteroinferiorly to a point at which the fat is visible through 
the superficial layer of temporalis fascia, about 2 cm above 
the zygomatic arch. The skin is dissected off the tragus and 
the cartilaginous external acoustic meatus. This plane is avas-
cular, and dissection ends with exposure of the postglenoid 
tubercle. The superficial layer of the temporalis fascia is 
incised at 45 degrees anterosuperiorly to avoid the facial 
nerve. The periosteum of the arch is incised and raised as one 
flap with the outer layer of the temporalis fascia. Periosteum 
may be incised as far forward as is necessary to gain good 
exposure to the TMJ capsule. Ligation of the superficial tem-
poral vessels is often required during this approach. The 
sharp condylar neck fragment often tears laterally through 
the capsule as it telescopes superiorly. Dissection of the con-
dylar neck is performed by lateral capsular incision and peri-
osteal stripping down the condylar neck to expose sufficient 
fixation surface.

The condylar head is usually deep and anteriorly sited and 
requires mobilization to deliver it laterally and upward into 
accurate reduction. Kocher’s bone-holding forceps or artery 
clips can be used to grasp the condylar head fragment while 
the neck and ramus are pulled inferiorly by the assistant’s 
fingers pushing intraorally on the molar region. A bone hook 
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performed, and the anterior surface is undermined widely. 
Once the lateral surface has been exposed, the dissection 
continues as in the standard retromandibular approach.

Closure
It is possible to repair the masseter and medial pterygoids 
with resorbable sutures. Closure of the parotid capsule and 
SMAS layer must be meticulous to reduce the chance of for-
mation of a salivary fistula. Platysma can be closed by a 
running resorbable suture followed by interrupted subcuticu-
lar stitches. The insertion of a vacuum drain helps reduce 
hematoma formation. Finally, the skin is closed with nylon.

TRANSORAL APPROACH

The transoral technique has the advantage of avoiding  
facial scarring and risk of injury to the facial nerve. However, 
facial nerve injury has been reported during this approach, 
and warnings should be included when obtaining patient 
consent.

The major disadvantage is limited access, which makes 
fragment control difficult and the procedure surgically more 
challenging. The introduction of right-angled instruments 
with illumination has expanded the use of this approach  
(Fig. 16-9). It should be reserved for fractures that involve 
the low condylar region. It may not be possible to align the 
posterior border perfectly, and slight errors of reduction are 
inevitable.

can help in moving the condylar neck but may risk splitting 
it if pulled too forcefully; we prefer the intraoral pressure 
method. Closure in layers is required to restore anatomy, and 
a small vacuum drain prevents hematoma formation.

RHYTIDECTOMY APPROACH

Anatomical Points of Importance
In addition to the other structures mentioned previously, the 
great auricular nerve courses at 45 degrees to the sterno-
cleidomastoid, anterosuperiorly, just deep to the SMAS.

Preparation and Draping
Draping should allow direct visualization of the corner of the 
eye and the mouth. The ear should be fully exposed along 
with the descending hairline and 2 to 3 cm of hair behind  
the ear.

Skin Marking and Vasoconstriction
The incision begins 1.5 to 2 cm superior to the zygomatic 
arch, just behind the hairline and in front of the ear. The inci-
sion then curves inferiorly under the earlobe and for about 
3 mm onto the posterior surface of the auricle; this allows 
scarring to be less noticeable.

Incision and Dissection
The incision is through the skin and subcutaneous tissue only. 
Wide blunt dissection deep to the subcutaneous tissue is 

FIGURE 16-8  Bramley-Al Khayat approach. 

FIGURE 16-9  Intraoral  approach demonstrating  use of  the  right-
angled drill. 
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approach are stenosis of the external meatus and, if the 
meatus is sectioned at a deep level, damage to the tympanic 
membrane.

TECHNIQUES Of REDUCTION

Reduction of the fractured condyle can be very difficult, espe-
cially when the condylar head is medially dislocated. In these 
cases, surgical instruments must be employed to try to reposi-
tion the condyle (Fig. 16-10). The use of the curved elevator, 
Howarth’s elevator, and the tracheostomy hook have all been 
advocated. Some surgeons have drilled rigid fixation wires 
into the fragment to gain control. Kocher’s bone-holding 
forceps may be used to grasp and reduce fragments but can 
crush and split the condylar head and therefore must be used 
with caution. In cases of severe and difficult reduction, the 
lateral pterygoid insertion may be cut to give greater mobility 
and reducibility, but preservation of the periosteal attachment 
to the condylar head is mandatory to preserve a blood supply 
to the proximal fragment. We do not agree with the idea of 
temporarily removing the condyle and replacing it as a free 
graft, because the risk of avascular necrosis is high. Gross 
comminution in the noncompound, noncontaminated frac-
ture of the condylar head should not be excised, because 
doing so results in loss of vertical height. We believe that 
leaving the fragments in situ offers the potential for repair 
with nonrigid IMF. As in all fracture management, accurate 

An incision is made over the anterior border of the vertical 
ramus, extending into the lower buccal sulcus. The temporalis 
muscle is stripped from the anterior ascending ramus, and 
the masseter is stripped by subperiosteal dissection. It is 
important to do this extensively, because it allows easier 
retraction and visibility. A Bauer retractor placed in the 
sigmoid notch can sometimes aid reduction. A Merrill-
Levassier fiberoptic retractor can be used to aid reduction 
while applying fixation.

A transbuccal trocar is introduced and drilling occurs 
transbuccally; the plate is introduced transorally. It may be 
difficult to maintain fixation in the posterior thick cortical 
bone, and the drill may enter the fracture line or the weaker 
subsigmoid area.

Mokros and Erle30 reported a series of 34 patients with low 
subcondylar fractures approached transorally. They employed 
a 90-degree drill and screwdriver, a special reduction hook, 
and retractors.

Undt et al.31 retrospectively reviewed 55 patients who had 
57 condylar neck fractures treated with transoral miniplate 
osteosynthesis. They concluded that satisfactory reduction 
and fixation can be achieved with avoidance of facial 
scarring.

ENDOSCOPIC APPROACH

Endoscopically assisted reduction and fixation of fractures  
of the condyle has been used for more than a decade and  
is gaining increased interest worldwide. It enables transoral 
access to the condylar neck region of the mandible, allowing 
treatment of fractures in that region with minimal or no  
facial scarring while also minimizing the risk of facial nerve 
injury.

Schoen et al.32 assessed the functional results of endoscope-
assisted transoral reduction and fixation of displaced bilateral 
condylar fractures in 13 patients. After 6 and 12 months, all 
patients demonstrated a pre-injury range of TMJ motion, 
including those with comminution at the fracture site. These 
and other authors have reported a steep learning curve during 
use of this technique.

In a prospective, randomized, controlled trial involving 
centers from North America, Europe, and Asia, patients with 
condylar neck fractures were randomized to receive either 
ORIF with an extraoral (submandibular, preauricular, or  
retromandibular) approach or a transoral endoscopic proce-
dure. The investigators measured primary functional outcome 
using the asymmetrical Helkimo dysfunction score at 8 to 12 
weeks and 1 year after surgery.33 This showed that comparable 
functional results were achieved after reduction and internal 
fixation by either technique. A marginally better early cos-
metic outcome and fewer complications were the associated 
advantages of the transoral approach. A reduced occurrence 
of facial nerve damage was also associated, but this was not 
supported by comparative statistical analyses.

RETROAURICULAR APPROACH

The retroauricular approach requires transection of the  
external auditory canal. It is favored by some surgeons and  
is thought to be particularly useful for access to condylar  
head fractures. A further benefit is the cosmesis of the scar, 
which is hidden behind the pinna. Potential risks of the 

FIGURE 16-10  Kocher’s  forceps being used  to reduce  the proxi-
mal fragment. 
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and anterior border of the condylar neck seem to have the 
advantage of restoring the tension and compression 
trajectories.

In the case of low condylar fracture, two plates may be 
required to achieve stability (Fig. 16-12). At least two screws 
should be placed in the condylar fragment and at least two in 
the main mandibular segment. The posterior plate should 
parallel the posterior ascending ramus, and the anterior plate 
can be angulated across the fracture line.

Eckelt and Hlawitschka36 commented that a disadvantage 
of miniplating is the occasional need to remove the plates. 
This necessitates reexploration of the wound, which entails a 
much greater risk of injury to the facial nerve due to its teth-
ering and anatomical distortion. This has led to the develop-
ment of alternative minimal access techniques, which are 
discussed later.

Dynamic Compression Plating
Because the fractures are generally oblique, any compression 
effect during plating could lead to overlap of the fragment 
ends and loss of ramus height. A review of current practice 
indicates that dynamic compression plating has little place in 
condylar fractures; treatment is adequate with miniplates 
placed in the neutral mode.

reduction is mandatory, and care must be taken in orienting 
the condyle, because the correct orientation is not always 
obvious from the fracture ends.

Downward traction on the mandible can be achieved by 
double-gloved intraoral pressure in the molar region, tempo-
rary wiring, or screw and wire traction on the lower border 
if surgical exposure allows. There is no substitute for practice 
to gain competence at reduction, and surgeons will adopt 
instrumentation according to their own preference. We prefer 
the presence of two assistants during condylar surgery to 
ensure optimal exposure and reduction.

In cases of condylar fracture requiring ORIF with simul-
taneous fixation of body or symphyseal/parasymphyseal frac-
ture, we fix the condyle first, to provide greater mobility and 
easier reduction of the condyle. As mentioned earlier, bilat-
eral fractures with body or symphyseal/parasymphyseal frac-
ture require particular attention to intercondylar distance 
when plating the noncondylar area. The tendency to open 
posteriorly can result in crossbite and malocclusion; external 
palm pressure applied simultaneously at the angles of the 
mandible reduces this splaying before the plating and corrects 
the crossbite.

fIXATION

Historical methods of fixation include transosseous wire fixa-
tion, external fixation, and Kirschner wire (K-wire) fixation. 
Current methods are discussed in the following paragraphs.

Miniplate Osteosynthesis
Condylar plate and screw systems are designed to withstand 
and overcome any biomechanical deforming forces that may 
arise, thereby minimizing micromotion of the bone ends. 
Under conditions of stability and perfect fracture reduction, 
the primary bone healing will occur. In this situation, new 
bone forms along the surface of the fracture without fibrous 
tissue intervening. High condylar fractures may accommo-
date only one plate due to bony limitations (Fig. 16-11). A 
2-mm plate with two screws above and below the fracture 
parallel to the posterior border provides adequate stability in 
most cases, in our opinion.

Hammer et al.34 reported inadequate stability leading to 
plate failure or screw loosening in more than one third (35%) 
of cases treated with single adaptational plating. They ques-
tioned whether a period of maxillomandibular fixation was 
needed in combination with plating. Other authors have also 
reported fractures of plates used in condylar neck fractures 
and suggested that condylar plates should be stronger and 
thicker than the thinner adaptational plates.

Byung-Ho et al.35 studied the strengths of condylar plates 
in cadaver mandibles. They loaded the condyle to simulate 
functional loading, and fixation included a miniplate (four 
screws), a mini dynamic compression plate (four screws),  
a 2.4-mm plate (four screws), and a double miniplate.  
They found that the only system able to withstand normal 
forces of loading was the double miniplate. This mechanical 
advantage stems from the neutralizing effect of the plates on 
the functional stresses in the condylar neck. In vitro strain 
measurements of the condylar process showed that the 
highest level of tensile strain occurred on the anterior and 
lateral surfaces and the highest compressive strain on the 
posterior surface. The two miniplates applied at the posterior 

FIGURE 16-11  Postoperative orthopantomogram after open reduc-
tion and  internal  fixation of  a  right  condylar  fracture  using a  single 
osteosynthesis plate. 

FIGURE 16-12  Postoperative  three-dimensional  computed  tomo-
gram  shows  left  condylar  fracture  after  open  reduction  and  internal 
fixation by two osteosynthesis plates. 
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push the fragment laterally and reduce it. Second, the reduc-
tion can be achieved by the use of specifically designed 
forceps to hold the condylar head on its dorsal aspect. Third 
is the use of a reduction pin that is screwed into the condylar 
fragment and is manipulated to achieve reduction.

A gliding channel is drilled in the ramus of the mandible, 
parallel to the posterior border between the inner and outer 
cortices. The condylar fragment is then drilled with a narrow 
drill, and a measuring gauge allows the correct screw length 
to be chosen. The lag screw is then inserted through the 
gliding channel into the condylar head and tightened with a 
nut. This provides good apposition of fragments and allows 
early mobilization. The screw can be removed with the use of 
local anesthesia and a simple stab incision.

Eckelt and Hlawitschka36 published a series of 230 patients 
who had undergone lag screw fixation over a 16-year period, 
showing an overall success rate of 90%. Fragment reduction 
and healing were present in 93.4% of cases. In 6.6% of cases 
healing occurred in a displaced position, and incomplete 
reduction occurred in 3.5% of cases. Screw fracture or twist-
ing after return to function occurred in 4.2% of cases. Stabil-
ity of fixation allowing early mobilization was present in 
91.1% of patients. In 5.8%, there was instability attributed to 
extreme anatomical features and complicated fracture pat-
terns. These cases were recognized preoperatively, and addi-
tional methods of fixation were used in conjunction with the 
lag screw. Surgical errors were reported: the screw was too 
short to engage the condylar fragment in 3.1%, the screw was 
too long in 1.5%, and there was anterior/medial malplace-
ment of the screw in 4.2%. Once these errors were discovered, 
IMF was used postoperatively for 2 to 3 weeks, and the lag 
screw was removed prematurely. Only three cases of screw 
fracture were encountered at the proximal end of the thread, 
and screw bending occurred in only two cases. Screw migra-
tion may be caused by insufficient cooling of the drill, remod-
eling processes in the fracture gap, or disturbed blood supply 
to the condylar fragment. Twenty-one percent of patients 
reported transient facial nerve weakness limited to the mar-
ginal mandibular branch, and only one patient reported long-
term problems with this nerve. The authors advocated 
supraplatysmal dissection to improve nerve protection.

Krenkel37 described placement of a lag screw halfway up 
the ascending ramus. Welk38 reported a 3.5% rate of contra-
indication to lag screws due to an extremely narrow or dis-
torted ascending ramus and thin condylar neck. In another 
9.3%, reduced loading capacity was observed in the case of 
lateral bending forces due to considerable perforations of the 
lateral cortex after difficult screw placement. Teranobu et al.39 
reported that certain racial differences of mandibular form 
may preclude lag screw use. Because of these potential prob-
lems, Hibi et al.40 recommended a modified osteosynthesis 
method that combines the miniplate and lag screw in atro-
phic mandibles. Kitayama41 described lag screw insertion 
via an intraoral approach, but positioning in the condylar 
fragment can be eccentric, leading to displacement on 
tightening.

Pin fixation
Pin fixation uses 1.3-mm K-wires placed into the condyle 
under direct vision. This technique requires an open approach 
to the condylar head and traction applied to the lower border 
of the mandible. It is beneficial if the dorsal surface of the 

Lag Screw Osteosynthesis
A true lag screw has threads only on the distal end; when 
these threads engage the far cortex, the screw head seats 
against the near cortex and, on tightening, provides compres-
sion. This method is biomechanically advantageous because 
of the central location of the lag screw. The screw is placed in 
the interior of the condyle, so there is no need to open the 
joint capsule to place the fixation device. This permits a less 
traumatic operation than with miniplates, which may require 
the joint to be opened if the proximal fragment is short.

Lag screw osteosynthesis was first described in condylar 
fractures by Wackerbauer in 1962. Advantages of lag screws 
include rapid application of rigid fixation and close approxi-
mation of the fractured parts because of the large amount of 
compression generated. Contraindications to lag screw use 
are loss of bone in the fracture gap and comminution that 
would cause displacement and overriding of segments when 
compression is applied.

Many designs of lag screw are available, but the more 
simple designs rely on the spherical head of the screw to act 
as a wedge. Combining the screw with a washer or angled 
plate (e.g., Wurzburg lag screw plate) eliminates localized 
high stresses and transforms them into pressure, which is 
better tolerated than crushing forces under the screw head. 
This prevents the screw head from penetrating the cortical 
bone. Lag screws with washers can be turned twice as tightly 
as those without washers before the surface bone begins to 
crack.37 Authors have reported problems with lag screw 
systems, commenting that there is a tendency toward lateral-
ization and rotation of the condylar head if the screw is not 
placed centrally. There is also a steep learning curve to this 
technique.

The Eckelt screw is one of the most popular lag screws in 
use today (Fig. 16-13). Its use requires an open approach with 
preparation of a gliding canal between the buccal and lingual 
cortex of the larger fragment. This has a butt area at the lower 
border of the mandible that retains the device during tighten-
ing. The condylar head is reduced in one of three ways. First, 
by means of a thin elevator placed medially to the posterior 
border of the mandible and moved cranially, it is possible to 

FIGURE 16-13  Postoperative  lateral  oblique  radiograph  taken 
after open  reduction and  internal  fixation of  condylar  fracture  using 
the Eckelt screw. 
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As with adult patients, the management of childhood con-
dylar fractures is controversial but consensus is now emerg-
ing that conservative treatment is the preferred method, 
especially in the younger patient. In older pediatric patients 
with severely displaced fractures, the debate continues. It is 
now accepted that the condylar cartilage and its condylar 
growth center, which traditionally was thought to provide the 
dominant growth impetus, is not as important as previously 
claimed. Traditionally, the mandible was likened to a long 
bone with the cartilage acting as an epiphyseal growth plate. 
Along with this growth center, appositional bone formation 
occurred at the sites of insertion of masseter at the angle of 
the mandible and temporalis at the coronoid, leading to the 
development of the mandible in combination with alveolar 
margin stimulation.

Moss48,49 proposed the functional matrix theory, which 
states that the mandible develops in conjunction with the 
morphogenetic demands of the enveloping soft tissues, par-
ticularly muscle and ligaments, acting through their perios-
teal attachments. In this theory, the mandibular condyle is 
not the site of primary growth but has a secondary adaptive 
response, allowing the condylar head to stay in the fossa as 
the mandible develops. The predominant growth is down-
ward and forward in response to the demand of the func-
tional matrix.

However, the condyle does have an important role in 
growth, because condylectomy leads to reduced anteroposte-
rior growth, and trauma to the condylar region can result in 
unilateral or bilateral underdevelopment of the mandible. If 
the condyle has lost its lead role in mandibular growth, how 
are these findings to be explained? It is postulated that in 
these cases the matrix has been damaged in some way, pos-
sibly secondary to soft tissue trauma. The presence of anky-
losis may also be significant in that it limits movement. 
Patients with juvenile arthritis (Still’s disease) have been 
shown to have impaired anterior movement of the mandible 
by fibrous ankylosis. In these patients, the condyle has lost its 
potential to remodel into the glenoid fossa.

As a result of this theoretical model, it was commonly 
believed that ankylosis and maldevelopment would occur  
in children younger than 10 years of age, in fracture-  
dislocations and intracapsular fractures of the condylar head, 
and in compound fractures with comminution of the condy-
lar head.

The treatment of condylar fractures in children is compli-
cated by poor patient compliance, difficulty in applying IMF, 
and crowded mandible and maxillae with developing teeth. 
The methods employed to provide temporary immobilization 
include arch bars, acrylic splints, IMF screws, and bonded 
brackets with heavy elastics. The period of immobilization 
need only be 1 to 2 weeks to allow early bone healing, fol-
lowed by aggressive active mobilization of the mandible to 
prevent ankylosis. In addition, the use of guided elastics for 
up to 6 to 8 weeks normally restores occlusion.

The 1999 Gronigen Consensus28 and a consensus study by 
Baker et al.27 corroborated the practice of most units in 
stating that ORIF has little or no role in the treatment of 
childhood condylar fractures. Numerous studies looking at 
the outcome of conservative fracture management in children 
have confirmed that closed functional treatment gives excel-
lent results based on the growing patient’s potential to remodel 
the condylar head and restore function.

head can be seen, to enable assessment of the reduction of 
the fracture before fixation. Not all K-wires need to be passed 
through the surgical access site; a transbuccal approach may 
be used, but this must be protected by a trephine. The direc-
tion of wire placement varies depending on the fracture con-
figuration. Usually, a minimum of three convergent K-wires 
is needed to ensure stability.

Bioresorbable Plates and Pins
The use of resorbable fixation devices is now well established 
in orthognathic and craniofacial practice. Authors cite  
good healing results with financial and psychological  
benefits. However, plate resorption may take more than 2 
years. Materials used include self-reinforced poly-l-lactide 
screws (SR-PLLA), polyglycolide pins, and absorbable  
α-hydroxy polyesters.

Rasse42,43 reported that the replacement of wires with 
resorbable polydioxanone pins gave good stability and 
avoided the need for a second-stage removal procedure. 
Nehse and Maerker44 also recommended polydioxanone, 
polylactide, or autologous bone pins for temporary stabiliza-
tion of subcondylar fractures but admitted that shortened 
IMF and functional therapy were mandatory with these fixa-
tion methods. They concluded that, at that time, resorbable 
materials could not replace miniplate or traction screw, but 
did enhance the armamentarium available to the surgeon in 
the management of subcondylar fractures.

Eppley45 reported their experience of using polylactic-
polyglycolic copolymer plates in maxillofacial trauma; the 
results were encouraging, but to date no large series has been 
reported with regard to the mandibular condyle fracture.

CONDYLAR fRACTURES IN CHILDREN

Fractures of the facial skeleton in children account for only 
5% of all facial fractures in a given population and are  
seen most commonly between the ages of 6 and 12 years.  
In most pediatric cohorts, the most common maxillofacial 
fracture sites are the nose and the dentoalveolar complex, 
followed by the mandible, orbit, and midface. The male-to-
female ratio is between 2.4 : 1.0 and 2.9 : 1.0. Among the man-
dibular fractures, involvement of the condyle occurs in 43.3% 
to 72%.

In a retrospective analysis of 101 children younger than 16 
years of age with condylar fractures, Thoren et al.46 found that 
22% were intracapsular and 78% extracapsular. There was 
only a preponderance of intracapsular fractures (58%) among 
patients younger than 6 years of age. In the older children, 
78% of fractures were confined to the condylar neck. Subcon-
dylar fractures accounted for only 4% of cases. They found 
displacement to be present in only 6% of cases but com-
mented that dislocation of the condyle from the glenoid fossa 
was common at all ages. The sex of patient and the cause of 
the injury had no bearing on the fracture site.

In 1992, Thoren et al.47 reported on a series of 220 man-
dibular fractures in children. They found that condylar frac-
tures were prevalent in those patients younger than 10 years 
of age, but children older than 10 years showed fracture pat-
terns similar to those observed in the adult population, with 
body and angle fractures being more common than condylar 
fractures.



284 C HA P T E R 16 Condylar Fractures

Adolescent Patients
Similar principles apply to 12- to 17-year-old age group as to 
the younger group, with slight modification. If a malocclusion 
is present, the capacity for spontaneous correction is less than 
in the younger age group. A malocclusion is therefore an 
indication for IMF for 2 to 3 weeks. The dentition at this stage 
tolerates simple eyelet wires or arch bars. Failure of conserva-
tive treatment would lead the clinician to apply adult prin-
ciples of treatment to the older members of this group.

INDICATIONS fOR OPEN REDUCTION AND 
INTERNAL fIXATION

In pediatric patients, the indications for ORIF are rare. They 
include:

• failed conservative functional treatment.
• a fractured condyle that directly interferes with jaw 

opening or movement.
• a fracture that causes severe loss of ramus height with 

severe anterior open bite.
• a condylar fragment that is dislocated into the middle 

cranial fossa.

The best chance for full and functional recovery is obtained 
by causing as little trauma as possible to the surrounding 
tissues during the surgery. The use of bioresorbable fixation 
may be beneficial in this setting. We advise that only experi-
enced surgeons undertake this procedure in the young 
patient.

COMPOUND fRACTURES

Early operation with copious irrigation is indicated in both 
pediatric and adult patients with compound fractures. In 
severe compound cases with gross comminution, removal of 
nonviable bone fragments is indicated at the time of explora-
tion and closure. A swab for culture and sensitivity should be 
taken, followed by at least 5 days of broad-spectrum antibi-
otic therapy. Early mobilization should be encouraged.

In the young patient, cephalometric assessment should be 
performed postoperatively and repeated at follow-up to 
ensure adequate mandibular growth.

COMPLICATIONS

MALOCCLUSION

Fractures close to the TMJ have a surprisingly favorable 
outcome. The bilateral condylar fracture causes the most mal-
occlusions. Ellis51 commented that, despite accurate occlusion 
in these cases with rigid IMF and elastics, some patients drift 
into anterior open bite after the elastics have been removed 
for 12 to 24 hours. This is not a uniform finding. He postu-
lated that the more displaced the condyles, the more adapta-
tion is needed to maintain the normal occlusal relationship.

Most investigators conclude that the mandible functions 
as a class 3 lever system during biting. This means that  
the mean force vector of the elevator muscles is located 
between the fulcrum (TMJ) and the load (bite point). Loss 

Hovinga et al.50 studied 25 patients with childhood condy-
lar fractures treated by the closed method over a 15-year 
period. They treated only 5 patients with IMF, the remainder 
being treated by early mobilization. The results were excellent 
with regard to masticatory function and patient satisfaction. 
High condylar fractures showed better regenerative tendency 
than intracapsular and low condylar fractures. Asymmetry 
was observed in only 4 patients by the trained observer and 
was not noticed by the patients. All deviations were distrib-
uted over all fracture types. The measurement of ascending 
ramus height did show some variation in 63.6% of cases but 
was usually not clinically significant. Only one case of intra-
capsular fracture exhibited considerable growth disturbance. 
Only 1 patient with persistent malocclusion required correc-
tive osteotomy, and in that case, the fracture was of a low 
condylar type. The findings of this series are in keeping with 
those of others who have assessed conservative closed func-
tional treatment in children.

Other authors have assessed condylar repair by different 
methods, including electronic computer-assisted recording of 
condylar movement, spiral computed tomography, nuclear 
magnetic resonance, plain radiographic assessment, and 
OPG. Subtle findings including bony spurs, neoarthrosis, 
bifid condyle, altered condylar angle, asymmetry, and shorter 
condylar height are seen, but these findings appear not to 
cause functional problems and support the adaptive remodel-
ing theory (see Fig. 16-10). This further confirms the role of 
conservative treatment in children.

SPECIfIC TREATMENT STRATEGIES

Young Patients with Maximum  
Remodeling Potential
In patients younger than 12 years of age, the adaptive mecha-
nisms should restore function without a period of immobili-
zation. We therefore advocate analgesia and early mobilization 
in all planes of mandibular movement.

Two patient groups need particular caution: those with 
major disruption of occlusion and those at risk for ankylosis 
or defective development.

Significant occlusal disharmony, consisting of open bite 
and possible retropositioning of the mandible, may be  
seen after bilateral fracture-dislocation. In these cases, the 
potential for spontaneous correction by overeruption of teeth 
is limited. Treatment in these instances should be by a con-
servative immobilization regimen, as for an adult. If there is 
a unilateral condyle fracture with major occlusal disruption, 
a period of immobilization for 10 to 14 days should be under-
taken. Bilateral fractures may require immobilization for  
3 weeks.

Young patients at risk for ankylosis or defective develop-
ment, or both, include those with close proximity of the frac-
tured condylar neck to the glenoid fossa (i.e., intracapsular 
fractures and fracture-dislocation with telescoping) and those 
who have compound fractures with associated coronoid and 
zygomatic fractures. In these cases, it must be assumed that 
there is damage to the meniscus and capsule. A conservative, 
nonimmobilization regimen may be used if the patient has 
minimal symptoms. However, in the presence of severe pain, 
a period of IMF (for no longer than 14 days) is recommended, 
followed by active mobilization.
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DYSfUNCTION AND DEGENERATION

Dysfunction and condylar degeneration have been shown to 
occur not only on the fractured side but also on the contra-
lateral side. It is believed that fracture-dislocation is most 
likely to lead to late problems. Ellis admitted that it is difficult 
to determine the level of dysfunction, but after a literature 
review, he estimated that it occurs in between 9% and 85% of 
condylar fractures. Dysfunction has also been linked to long 
periods of fixation and to increasing age. Condylar degenera-
tion is not limited to closed treatment but occurs in open 
cases too. Ellis estimated that 65% of patients are completely 
symptom free, but the clinician may detect subtle symptoms 
and signs of dysfunction, such as deviation on opening, a long 
centric slide, TMJ clicking, popping, and locking. The diffi-
culty is that these are prevalent in the population and may 
have existed before injury.

IATROGENIC INJURY

Cause, of iatrogenic injury include:

• deterioration in oral hygiene secondary to IMF or elastics 
that may lead to decay of dentition.

• injury to dentition by fixation methods.
• malnutrition and weight loss due to use of IMF or 

elastics.
• airway risk from fixation methods.
• scars.
• seventh nerve injury (reported incidence: permanent 

injury, 1%; transient injury, 10%-15%).
• salivary fistulae.
• Frey’s syndrome.
• altered sensation of the ear or temple.

ESTHETIC ASPECTS

Mandibular asymmetry after trauma can be corrected by 
ramus osteotomy. This is not frequently a major complaint of 
the patient. Minor, subtle deviations may go unnoticed and 
can be treated expectantly.

ASSESSMENT SCORES AND OUTCOMES

Several methods, both objective and subjective, have been 
described for the assessment of outcome after surgery on the 
TMJ complex. The Helkimo dysfunction score consists of 
three indices evaluating anamnestic and clinical dysfunction, 
occlusion, and articulation disturbance. It is an accepted, 
valid, and reliable tool that is used to determine the func-
tional outcome after surgery of mandibular and TMJ disor-
ders and after orthognathic surgery.52-54

As in most surgical disciplines, clinicians managing con-
dylar injuries are responsible for monitoring and recording 
the outcomes of treatment. This should include functional 
assessments of jaw mobility and excursions (opening, lateral 
excursion, and protrusion), occlusal changes, and subjective 
pain and discomfort. Such monitoring facilitates future clini-
cal decision making and assists in the standardized dissemi-
nation of treatment results.

of the fulcrum or its displacement would significantly  
alter this relationship. In such cases, the normal function of 
the elevators tends to raise the gonial angle farther than 
normal, resulting in premature contact of the posterior 
dentition.

In Ellis’ experience, some patients can achieve normal 
occlusion despite displacement. He postulated that somehow 
the elevator muscles stay minimally active and do not con-
tribute to the foreshortening. If they selectively activate the 
posterior temporalis muscle, the coronoid process is pulled 
posteriorly, allowing rotational closure of the mandible into 
occlusion with the maxilla. This results in inefficiency of the 
biting force but allows for the establishment of a new tem-
poromandibular articulation by skeletal and dentoalveolar 
adaptations. Most patients cannot achieve this on their own 
and need IMF elastic traction as a guide. After nonsurgical 
treatment, a new temporomandibular articulation is estab-
lished, resulting in restoration of the class 3 lever. As the 
mandibular plane becomes steeper, the condylar stump 
approaches the skull base, and once the remodeling is com-
plete, the posterior vertical dimension stabilizes. Reestab-
lishment is age related, and younger patients may show 
normal TMJ morphology. Older patients show altered mor-
phology, with the new articulation being more inferior at the 
base of the articular eminence. The extrusion of anterior 
teeth and intrusion of posterior teeth restores the 
occlusion.

Persistent malocclusion can be corrected only by orthog-
nathic surgery once the new articulation is stable. An asym-
metrical anterior open bite can be corrected by a Le Fort I 
osteotomy. An asymmetrical open bite or deviation of the 
mandible can be corrected by ascending ramus surgery.

MANDIBULAR HYPOMOBILITY

An interincisal opening of less than 40 mm is regarded as 
mandibular hypomobility. It is accepted that trauma is a cause 
of ankylosis. However, it is rare after condylar fractures and 
has been estimated to occur in only 0.2% to 0.4% of cases. 
Hypomobility has been reported to persist in 8% and 10% of 
condylar fractures. Some patients function well at this reduced 
level of opening, but some authors have found that mastica-
tory dysfunction is higher in those patients who never 
regained a normal range of motion. Ellis recommended phys-
iotherapy during recovery in the acute phase. Reducing the 
period of IMF can also help reduce hypomobility.

ASYMMETRY

Ellis commented that asymmetry in function is very common. 
Deviation toward the side of the fracture has been reported 
in 50% of patients studied. It is presumed to be caused by 
reduced lateral pterygoid function or by pseudarthrosis on 
the side of the fracture, or both. The greater the condylar 
displacement, the greater the deviation. Asymmetry in man-
dibular growth has been shown to occur in approximately 
25% of patients with fractures during the growing years. It is 
not always undergrowth; overgrowth also has been reported 
to occur. From studies of patients with ankylosis, it is known 
that encouraging mobility leads to less growth disturbance. 
This principle should be applied to condylar fracture 
management.
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CONCLUSION

In recent years, an increased number of fractures of the con-
dylar region of the mandible have been surgically treated, and 
the indications for this approach seem to be supported by the 
literature.6,21,23-25 The potential benefit appears to be present 
regardless of the anatomical position of the condylar fracture; 
it depends more on the extent of the displacement of the 
proximal fragment.55 The benefits of fixation of condylar head 
fractures have also been identified.56

Accumulating Level I evidence supports ORIF of condylar 
fractures if the following clinical conditions are met: adult 
unilateral fractured condyle with fragment override of greater 
than 2 mm or angulation of greater than 10 degrees with 
occlusal disturbance (or both). With less displacement, a trial 
of nonrigid IMF should be given, with clinical and radiologi-
cal reassessment after 1 week and surgery still being an 
option. Endoscopic assistance, performed with a transoral 
approach, may provide an alternative means for treating a 
subset of these injuries, reducing visible scar formation and 
possibly facial nerve damage.

There now seems to be a sufficient body of evidence and 
consensus that the fracture type that gives most long-term 
functional problems is bilateral condylar fractures with dis-
placement. The risks of surgical approaches are less than ini-
tially thought and should not preclude ORIF. Restoration of 
condylar height with adequate stabilization and restoration of 
the occlusion, followed by early mobilization, are the goals.

Bilateral condylar fractures should be treated on their own 
merit (i.e., according to the guidance given earlier for each of 
the fractures). Aggressive mobilization should help to restore 
jaw mobility. Children younger than 12 years rarely need 
ORIF, and the surgeon must have clear justification to under-
take it in that age group.
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Dentoalveolar Injuries

C HA P T E R 

Richard R. Welbury

Dental trauma in childhood and adolescence is 
common. By 5 years of age, 31% to 40% of boys and 
16% to 30% of girls have suffered some dental trauma; 

by 12 years, these figures are 12% to 33% and 4% to 19%, 
respectively. Boys are affected almost twice as often as girls in 
both the primary and permanent dentitions.

Most dental injuries involve the anterior teeth, especially 
the maxillary central incisors. The mandibular central  
incisors and maxillary lateral incisors are less frequently 
involved. Concussion, subluxation, and luxation are the most 
common injuries in the primary dentition, whereas uncom-
plicated crown fractures are most common in the permanent 
teeth.

The most accident-prone ages are between 2 and 4 years 
for the primary dentition and between 7 and 10 years for the 
permanent dentition. Coordination and judgment are incom-
pletely developed in young children, and most injuries in the 
primary dentition are the result of falls in and around the 
home. In the permanent dentition, most injuries are caused 
by falls and collisions associated with playing and running, 
although bicycles are a common accessory. The place of injury 
varies in different countries according to local customs, but 
accidents in the schoolyard remain common. Sports injuries 
usually occur in the teenage years and are commonly associ-
ated with contact sports such as soccer, rugby, ice hockey, and 
basketball. Injuries due to road traffic accidents and assaults 
are most commonly associated with the late teenage years and 
adulthood and are often closely related to alcohol abuse. One 
form of injury in childhood that must never be forgotten is 
child physical abuse or nonaccidental injury; more than 50% 
of affected children have orofacial injuries.

The exact mechanisms of dental injuries are largely 
unknown, and experimental evidence is lacking, but injuries 
can result from either direct or indirect trauma. Direct trauma 
occurs when the tooth itself is struck. Indirect trauma is seen 
when the lower dental arch is forcefully closed against the 
upper (e.g., by a blow to the chin). Direct trauma implies 
injury to the anterior region, whereas indirect trauma favors 
crown or crown-root fractures of the premolars and molars 
with the possibility of jaw fractures in the condylar regions 
and in the symphysis. The factors that influence the outcome 
or type of injury are energy impact, resilience of the impact-
ing object, shape of the impacting object, and angle of direc-
tion of the impacting force.

Increased overjet with protrusion of upper incisors and 
insufficient lip closure are significant predisposing factors to 
traumatic dental injuries. Injuries are almost twice as fre-
quent among children with protruding incisors, and the 
number of teeth affected in a particular incident is also 
greater. The second major group of children with predisposi-
tion to traumatic injuries are the accident prone. They sustain 
repeated trauma to their teeth, with reported frequencies 
ranging from 4% to 30%.

CLASSIfICATION Of DENTOALVEOLAR 
INJURIES

Correct and appropriate treatment demands accurate diagno-
sis. Table 17-1 summarizes the classification of dento-alveolar 
injuries based on the World Health Organization (WHO) 
system.

HISTORY AND EXAMINATION

HISTORY SPECIfIC TO DENTOALVEOLAR 
INJURIES

The exact nature of the accident gives information on the type 
and severity of dentoalveolar injury to be expected. In a 
minor, a discrepancy between the history and the clinical 
findings should raise suspicion of child physical abuse or 
nonaccidental injury.

Lost teeth or fragments should be accounted for. If there 
is a history of loss of consciousness and teeth or teeth frag-
ments cannot be found, a chest radiograph is essential. Simi-
larly, if there is a soft tissue laceration of the upper or lower 
lip, anteroposterior and lateral soft tissue views of the lips 
should be obtained.

The time interval between injury and treatment signifi-
cantly affects the prognosis for both the pulp and the peri-
odontal ligament (PDL).

A history of previous dentoalveolar trauma can affect 
pulpal sensibility tests and the recuperative capacity of the 
pulp and periodontium.

In a minor, a history of previous dentoalveolar trauma 
could raise suspicion about the possibility of child physical 
abuse or whether the minor is just accident prone.
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MEDICAL HISTORY SPECIfIC TO 
DENTOALVEOLAR INJURIES

Features of the medical history that are relevant to dento-
alveolar injuries include the following:

• Bleeding disorders: Close liaison with hematologists is 
crucial if soft tissues are lacerated or teeth are to be 
removed.

• Allergies: Alternative antibiotics need to be prescribed.
• Congenital heart disease or rheumatic fever: These are not 

necessarily contraindications to reimplantation of teeth; 
however, the advice of the physician should be sought. If 
endodontic treatment is likely to be difficult or may involve 
a persistent necrotic focus, then the risk of bacterial endo-
carditis is significant, and reimplantation may be contra-
indicated after a risk-versus-benefit analysis.

• Severe immunosuppression: This is a contraindication to 
any procedure that is likely to require prolonged endodon-
tic treatment with a persistent necrotic focus.

• Tetanus prophylaxis: This should be checked with the 
physician. Usually, a tetanus toxoid booster is required if 
there is soil contamination of a wound and the patient has 
not been given a tetanus booster in the previous 5 to 10 
years.

EXTRAORAL EXAMINATION

Severe facial swelling and bruising may indicate underlying 
bony injury. Lacerations require careful débridement to 
remove all foreign material before suturing (Fig. 17-1). Anti-
biotics or tetanus toxoid or both may be required if wounds 
are contaminated. Limitation of mandibular movement or 
mandibular deviation on opening or closing of the mouth 
may indicate a jaw fracture or dislocation.

INTRAORAL EXAMINATION

The intraoral examination must be systematic and should 
include recording of any laceration, hemorrhage, or swelling 
of the oral mucosa or gingiva. All lacerations should be 

TABLE 17-1 Classification of Dentoalveolar Injuries

Type of Injury Description

Injuries to the Hard Dental Tissues and the Pulp
Enamel infraction Incomplete (crack) of enamel without 

loss of tooth substance
Enamel fracture Loss of tooth substance confined to 

enamel
Enamel-dentine fracture Loss of tooth surface confined to 

enamel and dentine not involving the 
pulp

Complicated crown fracture Fracture of enamel and dentine 
exposing the pulp

Uncomplicated crown-root fracture Fracture of enamel, dentine, and 
cementum but not involving the pulp

Complicated crown-root fracture Fracture of enamel, dentine, and 
cementum and exposing the pulp

Root fracture Fracture involving dentine, cementum, 
and pulp. Can be subclassified into 
apical, middle, and coronal third

Injuries to the Periodontal Tissues
Concussion No abnormal loosening or displacement 

but marked reaction to percussion
Subluxation (loosening) Abnormal loosening but no 

displacement
Extrusive luxation (partial avulsion) Partial displacement of tooth from 

socket
Lateral luxation Displacement other than axially with 

comminution or fracture of alveolar 
socket

Intrusive luxation Displacement into alveolar bone with 
comminution or fracture of alveolar 
socket

Avulsion Complete displacement of tooth from 
socket

Injuries to Supporting Bone
Comminution of mandibular or 
maxillary alveolar socket wall

Crushing and compression of alveolar 
socket; found in intrusive and lateral 
luxation injuries

Fracture of mandibular or maxillary 
alveolar socket wall

Fracture confined to facial or lingual/
palatal socket wall

Fracture of mandibular or maxillary 
alveolar process

Fracture of the alveolar process that 
may or may not involve the tooth 
sockets

Fracture of the mandible or maxilla May or may not involve the alveolar 
socket

Injuries to Gingiva or Oral Mucosa
Laceration of gingiva or oral mucosa Wound in the mucosa resulting from a 

tear
Contusion of gingiva or oral mucosa Bruise not accompanied by a break in 

the mucosa, usually causing 
submucosal hemorrhage

Abrasion of gingiva or oral mucosa Superficial wound produced by rubbing 
or scraping of the mucosal surface

FIGURE 17-1  Soft  tissue  injuries  of  the  lip  and  gingiva  require 
thorough débridement. 
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the patient or by a helper at the side of the mouth can be 
used to detect tooth fragments or foreign bodies in the 
lateral plane (Fig. 17-2).

• Dental panoramic tomograph: This is essential in all dento-
alveolar trauma cases and may detect an unsuspected 
underlying bony injury.

PHOTOGRAPHIC EXAMINATION

Good clinical photographs are useful to assess treatment out-
comes and for medicolegal purposes.

STATE-Of-THE-ART MANAGEMENT Of 
INJURIES TO THE PRIMARY DENTITION

During its early development, the permanent incisor is 
located palatally to the apex of the primary incisor and in 
close proximity to it. With any injury to a primary tooth, 
there is a risk of damage to the underlying permanent suc-
cessor (Fig. 17-3). Parents should be advised that in all cases 
of trauma involving the primary dentition, there is a 50% 

cleaned to remove any foreign bodies (see Fig. 17-1). Lacera-
tions of the lips or tongue must be sutured, but those of the 
oral mucosa heal very quickly and may not need suturing. 
Orofacial signs of child physical abuse may be present (see 
later discussion). Any abnormalities of occlusion, tooth dis-
placement, fractured crowns, or cracks in the enamel must 
also be noted.

The following signs and reactions to tests are particularly 
helpful:

• Mobility: Degree of mobility is estimated in a horizontal 
and a vertical direction. If several teeth move together en 
bloc, a fracture of the alveolar process should be suspected. 
Excessive mobility may also suggest root fracture or tooth 
displacement.

• Reaction to percussion: This is tested in a horizontal and a 
vertical direction and compared against a contralateral 
uninjured tooth. A duller note may indicate root 
fracture.

• Color of tooth: Early color change is visible on the palatal 
surface of the gingival third of the crown.

• Reaction to sensibility tests: Thermal tests with warm gutta 
percha or ethyl chloride are widely used. However, an 
electrical pulp tester in the hands of an experienced opera-
tor is more reliable. Nevertheless, vitality testing, espe-
cially in children, is notoriously unreliable and should 
never be assessed in isolation from the other clinical and 
radiographic data. Neither negative nor positive responses 
should be trusted immediately after trauma. A positive 
response does not rule out later pulpal necrosis, and 
although a negative response suggests pulpal damage, it 
does not necessarily indicate a necrotic pulp. The negative 
reaction is often caused by a shockwave effect that has 
damaged the apical nerve supply. The pulp in such cases 
may have a normal blood supply. In all vitality testing, the 
reaction of uninjured contralateral teeth should be 
included and documented for comparison. In addition, all 
teeth adjacent to the obviously injured teeth should be 
regularly assessed, because they have probably suffered 
concussion injury. In the future, advances in Doppler  
technology will allow the clinician to measure whether  
the vascular supply to individual teeth is intact.  
Doppler probes are currently too expensive for the general 
dental practitioner, but research has shown them to be a 
reliable tool.

RADIOGRAPHIC EXAMINATION

Three types of radiograph allow the clinician to accurately 
diagnose and treat all dentoalveolar injuries:

• Periapical: Reproducible periapical projections made with 
the long cone technique are best for accurate diagnosis and 
clinical audit. Two radiographs at different angles may be 
essential to detect a root fracture. However, if access and 
cooperation are difficult, one anterior occlusal radiograph 
rarely misses a root fracture. A small periapical film placed 
inside the upper or lower lip will detect tooth fragments 
or foreign bodies in the vertical plane.

• Occlusal: This projection can detect root fractures and dis-
placements when the mouth cannot open enough to 
accommodate a periapical film. An occlusal film held by 

FIGURE 17-2  Tooth  fragment  from an upper  incisor  is  lodged  in 
the lower lip. 
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observation. If the coronal fragment becomes nonvital and 
symptomatic, it should be removed. The apical portion 
usually remains vital and undergoes resorption. If there is 
marked displacement and mobility, only the coronal portion 
should be removed. Unnecessary searching for small apical 
root fragments runs the risk of iatrogenic damage to the 
permanent successor tooth.

CONCUSSION, SUBLUXATION, AND  
LUXATION INJURIES

In all instances, associated soft tissue damage should be 
cleaned by the parent twice daily with 0.2% chlorhexidine 
solution using cotton buds or gauze swabs until healing 
occurs.

• Concussion: These injuries require periodic review with 
close observation for signs of nonvitality.

• Subluxation: If there is slight mobility, parents should be 
advised to keep the traumatized area as clean as possible 
and to give the child a soft diet for 1 to 2 weeks.

• Extrusive luxation: These teeth are usually very mobile and 
require extraction.

• Lateral luxation: If the crown is displaced palatally, the 
apex moves buccally, away from the permanent teeth 
germ. If the occlusion is not gagged, conservative treat-
ment to await some spontaneous realignment is possible. 
If the crown is displaced buccally, the apex will be dis-
placed toward the permanent tooth bud, and extraction is 
indicated to minimize further damage to the permanent 
successor.

• Intrusive luxation: This is a common injury. The aim of 
investigation is to establish the direction of displacement 
by thorough radiographic examination. If the root is dis-
placed palatally toward the permanent successor, the 
primary tooth should be extracted to minimize possible 
damage to the developing permanent successor. If the root 
is displaced buccally, periodic review to monitor sponta-
neous reeruption should be undertaken. Review should be 
weekly for 1 month, then monthly for a maximum of 6 
months. Most reeruption occurs between 1 and 6 months. 
If reeruption does not occur, ankylosis is likely, and extrac-
tion is necessary to prevent ectopic eruption of the perma-
nent successor.

• Exarticulation (avulsion): Replantation of avulsed primary 
incisors is not recommended because of the risk of damage 
to the permanent tooth germs. Space maintenance is not 
necessary after loss of a primary incisor, because only 
minor drifting of adjacent teeth occurs. The eruption of 
the permanent successor may be delayed for about 1 year 
as a result of abnormal thickening of connective tissue 
overlying the tooth germ.

INJURIES TO SUPPORTING BONE

Most fractures of the alveolar socket in primary dentition do 
not require splinting, because bony healing is rapid in small 
children. Jaw fractures are treated in the conventional manner, 
although stabilization after reduction may be difficult due to 
lack of sufficient teeth.

chance of developmental disturbances to the permanent suc-
cessor teeth.

Children aged 2 to 4 years are most likely to injure their 
primary dentition. Realistically, this means that few restor-
ative procedures are possible; in most cases, the decision is 
between extraction or maintenance without extensive treat-
ment. A primary incisor should always be removed if its 
maintenance would jeopardize the developing tooth bud.

A traumatized primary tooth that is retained should be 
assessed regularly for clinical and radiographic signs of pulpal 
or periodontal complications. Radiographs may even detect 
damage to the permanent successor. Soft tissue injuries in 
children should be assessed weekly until healed. Tooth inju-
ries should be reviewed every 3 to 4 months for the first year 
and then annually until the primary tooth exfoliates and the 
permanent successor is in place.

UNCOMPLICATED CROWN fRACTURE

In cases of uncomplicated crown fracture, the sharp edges 
should be smoothed or the crown morphology restored with 
a bonded restoration if cooperation allows.

COMPLICATED CROWN fRACTURE

In complicated crown fracture, pulp extirpation, root canal 
obturation with resorbable zinc oxide cement, and a bonded 
restoration to restore crown morphology can be achieved 
with reasonable cooperation. However, in many cases, extrac-
tion of the tooth is the only realistic option.

CROWN-ROOT fRACTURE

In crown-root fractures, the pulp is invariably exposed and 
the fracture line extends well below the gingival margin. 
Restorative treatment is extremely difficult, and the tooth is 
best extracted.

ROOT fRACTURE

In cases of root fracture without displacement and with only 
a small amount of mobility, the tooth should be kept under 

FIGURE 17-3  The close proximity of developing permanent tooth 
germs  to  the roots of  the primary dentition. The arrow  indicates per-
manent central incisor germ. 
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• Odontoma-like malformation—injury before 1 to 3 years 
of age

• Root duplication—injury at 2 to 5 years of age
• Vestibular or lateral root angulation and dilaceration—

injury at 2 to 5 years of age
• Partial or complete arrest of root formation—injury at 5 

to 7 years of age
• Sequestration of permanent tooth germs
• Disturbance in eruption

The term dilaceration describes an abrupt deviation of the 
long axis of the crown or root portion of the tooth. This devia-
tion results from a traumatic nonaxial displacement of already 
formed hard tissue in relation to developing soft tissue.

The term angulation describes a curvature of the root that 
results from gradual change in the direction of root develop-
ment without evidence of abrupt displacement of the tooth 
germ during odontogenesis. This may be vestibular (i.e., 
labiopalatal) or lateral (i.e., mesiodistal). Evaluation of the full 
extent of complications after injuries must await complete 
eruption of all permanent teeth involved. However, most 

STATE-Of-THE-ART MANAGEMENT  
Of SEQUELAE Of INJURIES TO THE  
PRIMARY DENTITION

PULPAL NECROSIS

Necrosis is the most common complication of primary 
trauma. Evaluation is based on tooth color and radiographic 
findings. Vitality testing is unreliable and of no clinical benefit 
in primary teeth. Teeth of a normal color rarely develop peri-
apical inflammation, and mildly discolored teeth also may be 
vital. A mild gray color occurring soon after trauma may 
represent intrapulpal bleeding with a pulp that is still vital. 
This color may recede, but if it persists, necrosis should be 
suspected. Radiographic examination should be scheduled 
every 3 months to check for periapical inflammation. Failure 
of the pulp cavity to reduce in size is an indicator of pulp 
death. Teeth should be extracted whenever there is evidence 
of periapical inflammation, to prevent possible damage to the 
permanent successor.

PULPAL OBLITERATION

Obliteration of the pulp chamber and canal is a common 
reaction to trauma. Clinically, the tooth becomes yellow or 
opaque. Normal exfoliation is usual, but occasionally periapi-
cal inflammation develops and extraction is required. Annual 
periapical radiography is advisable to detect infection and to 
check physiological root resorption. If resorption does not 
occur, the permanent successor will erupt in an ectopic 
position.

ROOT RESORPTION

Internal resorption may be seen with concussion, sublux-
ation, and luxation injuries and in external inflammatory 
resorption with intrusive injuries. Extraction is usually the 
preferred treatment for these types of root resorption.

INJURIES TO DEVELOPING PERMANENT TEETH

Injury to the permanent successor tooth can be expected in 
12% to 69% of cases of primary tooth trauma and in 19% to 
68% of jaw fracture. Intrusive luxation causes most distur-
bances. Avulsion of a primary incisor also causes damage if 
the apex moved toward the permanent tooth bud before the 
avulsion. Most damage to the permanent tooth bud occurs 
before 3 years of age, during its developmental stage. However, 
the type and severity of disturbance are closely related to the 
age at the time of injury. Changes in the morphology and 
mineralization of the crown of the permanent incisor are 
most common, but later injuries can cause radicular 
anomalies.

Injuries to developing teeth can be classified as follows:

• White or yellow-brown discoloration of enamel—injury at 
2 to 7 years of age

• White or yellow-brown discoloration of enamel with cir-
cular enamel hypoplasia—injury at 2 to 7 years of age

• Crown dilacerations (Fig. 17-4)—injury at about 2 years 
of age

FIGURE 17-4  Dilaceration of an upper permanent central incisor 
resulting from an intrusion injury  to  the primary incisor at  the age of 
2 years. 
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• May require gingival and alveolar collar modification
• Semipermanent or permanent coronal restoration

Trauma cases require painstaking follow-up to disclose 
any complications and institute the correct treatment. The 
intervals between examinations depend on the severity of the 
trauma, but the following schedule is a guide: 1 week, 3 weeks, 
6 weeks, 3 months, 6 months, 12 months, and then annually 
for 4 to 5 years. At these times, color, mobility, percussion, 
and sensibility are routinely noted, and radiographs are 
examined for periradicular conditions and changes within 
the pulp cavity.

INJURIES TO THE HARD DENTAL TISSUES  
AND THE PULP

The various types of injury to the hard dental tissues and the 
pulp are summarized in Table 17-1.

Enamel Infraction
Enamel infractions are incomplete fractures without loss of 
tooth substance. Without proper illumination, they are easily 
overlooked. Periodic follow-up is necessary, because the 
energy of the blow may have been transmitted to the peri-
odontal tissues or the pulp.

Enamel fracture
With enamel fractures, no restoration is needed, and treat-
ment is limited to smoothing of any rough edges and splint-
ing if there is associated mobility. Periodic review is 
undertaken as for enamel infractions.

Enamel-Dentine fracture
Immediate treatment of enamel-dentine fractures is neces-
sary because of the involvement of dentine. The pulp requires 
protection against thermal irritation and against bacteria via 
the dentinal tubules. Restoration of crown morphology also 
stabilizes the position of the tooth in the arch.

Emergency protection of the exposed dentine can be 
achieved in two ways. A bonded composite resin or com-
pomer bandage may be used. (Conventional glass ionomer 
cement alone will not be retained because of its poorer physi-
cal properties and bond strength.) Alternatively, glass ionomer 
cement supported within an orthodontic band or the incisal 
end of a celluloid crown former or stainless steel crown may 
be used. These serve as temporary retainers until further 
eruption occurs.

Intermediate restoration of most enamel-dentine fractures 
can be achieved by two methods. Acid-etched composite may 
be applied freehand or with the use of a celluloid crown 
former. With recent improvements in composite technology, 
most of these restorations can be regarded as semipermanent 
or permanent. With larger fractures, more enamel surface 
area should be used for bonding; a complete celluloid crown 
former is used to construct a “direct” composite crown. At a 
later age, this can be reduced to form the core of a porcelain 
jacket crown preparation. Alternatively, the crown fragment 
can be reattached (Figs. 17-5 and 17-6). This method of res-
toration has become feasible since the development of dentine 
bonding agents. However, few long-term studies have been 
reported, and the longevity of this type of restoration is largely 
unknown.2 In addition, there is a tendency for the distal 

serious sequelae (disturbances in tooth morphology) can be 
diagnosed radiographically within the first year after the 
trauma.

Injuries to the infant alveolus, even before the eruption of 
primary teeth, can cause disturbances in tooth morphology 
of the primary teeth and, more rarely, of very early-developing 
permanent teeth.1

Eruption disturbances of the permanent teeth may involve 
the following:

• Delayed eruption due to connective tissue thickening over 
a permanent tooth germ as a result of early primary pre-
decessor loss

• Ectopic eruption due to lack of eruptive guidance as a 
result of premature loss of the primary predecessor or 
failure of physiological resorption of the primary 
predecessor

• Impaction and failure of eruption in teeth with malforma-
tions of crown or root

TREATMENT Of INJURIES TO THE PERMANENT 
DENTITION

Yellow-brown discoloration of enamel with or without hypo-
plasia is treated with (1) acid-pumice microabrasion, (2) 
composite resin restoration (localized, veneer, or crown), and 
(3) porcelain restoration (veneer or crown in the anterior, 
fused to metal crown in the posterior).

Crown dilaceration is treated with (1) surgical exposure 
with or without orthodontic alignment, (2) placement of a 
temporary crown until root formation is complete, (3) 
removal of the dilacerated part of the crown with or without 
one-stage root canal obturation, and (4) coronal restoration.

Vestibular root angulation is treated with combined surgi-
cal and orthodontic realignment. For other malformations, 
extraction is usually the treatment of choice. Disturbance in 
eruption is treated by surgical exposure with or without orth-
odontic realignment.

STATE-Of-THE-ART MANAGEMENT Of 
INJURIES TO THE PERMANENT DENTITION

Most traumatized permanent teeth can be treated success-
fully. Prompt and appropriate treatment instituted after 
correct diagnosis improves the prognosis.

The aims and principles of treatment can be broadly cat-
egorized into three parts.

1. Emergency treatment
• Retain vitality of fractured or displaced teeth
• Cover exposed dentine with a bonded restoration
• Treat exposed pulp tissue
• Reduce and immobilize displaced teeth
• Antibacterial mouthwash, antibiotics, and tetanus 

prophylaxis
2. Intermediate treatment

• May require pulp treatment
• Minimally invasive coronal restoration

3. Permanent treatment
• Stimulated root end closure
• Root filling with or without root extrusion
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• Apply enamel-dentine bonding agent to both surfaces and 
then lightly blow away any excess. Light-cure for 10 
seconds.

• Place the appropriate shade of composite resin over both 
surfaces, and position the fragment. Remove the gross 
excess and cure for 60 seconds labially and palatally.

• Remove any excess composite resin with sandpaper discs.
• Remove a 1-mm gutter of enamel on each side of the 

fracture line, both labially and palatally, to a depth of 
0.5 mm using a small round or pear-shaped bur. The fin-
ishing line should be irregular in outline.

• Etch the newly prepared enamel, wash, dry, apply compos-
ite, cure, and finish.

Enamel-Dentine Pulp fracture (Complicated 
Crown fracture)
In a tooth with an immature apex, the major concern is pres-
ervation of pulp vitality to allow continued root growth. The 
injured pulp must be sealed from bacteria so that it does not 
become infected during the period of repair. Pulpotomy or 
partial pulpotomy is the treatment of choice to retain vital 
radicular pulp. However, for the best chance of success, treat-
ment should be initiated within 24 hours after the injury. If 
radicular pulp vitality is not maintained or the pulpal expo-
sure is wide, total pulp extirpation (pulpectomy) is the only 
treatment choice. Nonsetting calcium hydroxide is spun into 
the root canal and changed every 3 months to stimulate root 
end closure so that a permanent root canal filling can be 
obturated against a closed apex. The average time for stimu-
lated root end closure to occur with nonsetting calcium 
hydroxide is between 9 and 12 months.3,4 Mineral trioxide 
aggregate (MTA) is being used increasingly to create an apical 
stop at an open apex, before backfilling of the canal with gutta 
percha. This reduces the number of treatment visits required.

In a tooth with a mature apex and a complicated crown 
fracture, the treatment of choice is either pulpotomy or extir-
pation and obturation. However, if the exposure is very small 
and recent, direct pulp capping can be attempted.

Uncomplicated Crown-Root fracture
After removal of the fractured piece of tooth, crown-root 
fractures commonly extend vertically a few millimeters 
incisal to the gingival margin on the labial surface but down 
to the cementoenamel junction palatally. Before placement of 
a restoration, the fracture margin must be brought supragin-
gival by gingivoplasty or by extrusion (orthodontically or 
surgically) of the root portion.

Complicated Crown-Root fracture
Complicated crown-root fractures are treated similarly to 
uncomplicated ones with the addition of endodontic require-
ments. If extrusion is planned, the final root length must be 
no shorter than the final crown length; otherwise, the result 
will be unstable. Root extrusion can be successful in a moti-
vated patient and leads to a stable periodontal condition.

Root fracture
Root fractures occur most frequently in the middle or apical 
third of the root. The coronal fragment may be extruded or 
luxated. Luxation is usually in a lingual or palatal direction.

If displacement has occurred, the coronal fragment should 
be repositioned as soon as possible by gentle digital 

fragment to become opaque or to require further restorative 
intervention in the form of a veneer or jacket crown.

If the fracture line through dentine is not very close to the 
pulp, the fragment may be reattached immediately. If it runs 
close to the pulp, it is advisable to place a suitably protected 
calcium hydroxide dressing over the exposed dentine for at 
least 1 month while storing the fragment in saline, which 
should be renewed weekly. The procedure is as follows:

• Check the fit of the fragment and the vitality of the tooth.
• Clean the fragment and the tooth with pumice-water 

slurry.
• Isolate the tooth with a rubber dam.
• Attach the fragment to a piece of gutta percha to facilitate 

handling.
• Etch the enamel for 30 seconds on both fracture surfaces, 

extending for 2 mm from the fracture line on the tooth 
and the fragment. Wash for 15 seconds and dry for 15 
seconds.

• Apply dentine primer to both surfaces and then dry for 15 
to 30 seconds.

FIGURE 17-5  An enamel-dentine fracture of the upper left central 
incisor. 

FIGURE 17-6  Same patient as in Figure 17-5, after reattachment 
of the coronal fragment. 
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Pulpal necrosis occurs in about 20% of root fractures and 
is the main obstacle to adequate repair. The amount of dis-
placement of the coronal portion is important for pulpal 
prognosis and hard tissue union. Most cases of necrosis are 
diagnosed within 3 months after a root fracture. A persistent 
negative response to electrical stimulation is usually con-
firmed on radiography by radiolucencies adjacent to the frac-
ture line.

The apical fragment almost always contains viable pulp 
tissue. In apical- and middle-third fractures, any endodontic 
treatment is usually confined to the coronal fragment. After 
completion of endodontic treatment, repair and union 
between the two fragments with connective tissue is a con-
sistent finding. In coronal-third fractures that develop necro-
sis, the radicular portion can be retained, both portions can 
be extracted, or the fracture can be internally splinted (see 
earlier discussions).

INJURIES TO THE PERIODONTAL TISSUES

As the severity of periodontal injury increases, there is a 
decrease in pulpal prognosis for the teeth involved (Table 
17-2) and an increase in the amount of expected root resorp-
tion (Table 17-3). Table 17-2 demonstrates clearly that pulpal 
prognosis is superior for all categories of injury in teeth with 
open or immature apices. In these immature teeth, the neu-
rovascular bundle can survive some edema and movement 
around the open apices, whereas in the mature tooth, any 
mobility and edema within the narrow confines of the small 
apical foramen often leads to pulpal necrosis. Correct 

manipulation, and the position should then be checked 
radiographically. Mobile root fractures need to be function-
ally splinted to encourage repair of the fracture. Apical-third 
fractures, in the absence of concomitant PDL injury, are often 
firm and do not require splinting; however, they need to be 
regularly reviewed to check pulpal status, and they should be 
treated endodontically if necessary.

Apical-, middle-, and coronal-third fractures must be 
splinted functionally. A functional splint is one that includes 
one abutment tooth on either side of the fractured tooth. 
Apical-third and middle-third fractures should be splinted 
for 4 weeks and coronal-third fractures for a longer period, 
up to 4 months.5 The splint should allow color observations 
and sensitivity testing, as well as access to the root canal if 
endodontic treatment is required. Splint design and place-
ment techniques are discussed later.

In about 80% of all root-fractured teeth, the pulp remains 
viable and repair occurs in the fracture area. Three main 
categories of repair are recognized:

1. Repair with calcified tissue if the fracture line is invisible 
or hardly discernible

2. Repair with connective tissue if there is a narrow, radiolu-
cent fracture line with peripheral rounding of the fracture 
edges

3. Repair with bone and connective tissue if a bony bridge 
separates the two fragments

In addition to these changes in the fracture area, pulp 
canal obliteration is commonly seen. Fractures in the coronal 
third of the root can be repaired as well as those in the middle 
or apical thirds as long as no communication exists between 
the fracture line and the gingival crevice. If such a commu-
nication exists, splinting is not recommended, and a decision 
must be made to extract the coronal fragment and retain the 
remaining root, extract the two fragments, or internally splint 
the root fracture. The last option is unlikely to achieve long-
term success.

If the coronal fragment is extracted and the root is retained, 
the remaining radicular pulp should be removed and the 
canal temporarily dressed before obturation with gutta 
percha. Three options are now available for the radicular 
portion:

1. Post, core, and crown restoration if access is adequate.
2. Extrusion of the root, either surgically or orthodontically, 

if the fracture extends too far subgingivally for adequate 
access. Rapid orthodontic extrusion over 4 to 6 weeks 
aiming to move the root a maximum of 4 mm is the  
best option. This is achieved by cementing a J hook 
made from 0.7-mm stainless steel wire into the canal  
and using elastic traction applied over an arch wire 
cemented to one tooth on either side of the injured  
tooth. Retention for 1 month after the end of movement 
is advised to prevent relapse. If esthetics is a particular 
concern, an orthodontic bracket can be bonded  
to a temporary crown made over the J hook. The tempo-
rary crown length will need to be reduced as extrusion 
occurs.

3. Use of a mucoperiosteal flap to cover the root. This main-
tains the height and width of the arch and facilitates later 
placement of a single tooth implant.

TABLE 17-2 5-Year Pulpal Survival Data for Injuries 
Involving the Periodontal Ligament

Type of Injury Open Apex (%) Closed Apex (%)

Concussion 100 96
Subluxation 100 85
Extrusive luxation 95 45
Lateral luxation 95 25
Intrusive luxation 40 0
Replantation 30 0

TABLE 17-3 Prevalence of Resorption after 
Periodontal Ligament Injury

Type of Injury Open Apex (%) Closed Apex (%)

Concussion 1 3
Subluxation 1 3
Extrusive luxation 5 7
Lateral luxation 3 38
Intrusive luxation 67 100
Replantation Frequent Frequent
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After the splinting period for extrusion (2 weeks) or for 
lateral luxation (4 weeks), radiographic images of the teeth 
are obtained. If there is no evidence of marginal breakdown, 
the splint can be removed. If marginal breakdown is present, 
the splint should be retained for a further 2 to 3 weeks.

For extrusion and lateral luxation injuries, the decision 
whether to progress to endodontic treatment depends on the 
combination of clinical and radiographic signs (see later dis-
cussion). Five-year pulpal survival figures (see Table 17-2) 
show that prognosis is significantly better for open apex teeth, 
but nevertheless a proportion of mature teeth involved in 
luxation injuries exhibit on radiographs a natural healing 
phenomenon known as transient apical breakdown (TAB), 
which can mimic apical infection. Ambivalent clinical and 
radiographic signs should be given the benefit of the doubt 
until the next review.

With more significant damage to the PDL in both extru-
sive and lateral luxation injuries, there is an increased risk of 
root resorption (see Table 17-3). Thirty-five percent of mature 
teeth that have undergone lateral luxation show subsequent 
evidence of surface resorption. This is because the PDL has 
been irreversibly damaged by crushing against the alveolar 

diagnosis and treatment of all periodontal tissue injuries aims 
to improve pulpal prognosis and decrease future resorption 
sequelae.6

Concussion
In concussion injury, the impact force causes edema and 
hemorrhage in the PDL fibers, and the tooth is firm in the 
socket. The treatment is:

• occlusal relief.
• soft diet for 7 days.
• immobilization with a functional splint for 2 weeks if ten-

derness to percussion (TTP) is significant or the apex is 
closed.

• chlorhexidine 0.2% mouthwash twice daily.

Subluxation
In subluxation, in addition to the concussion injury, there is 
rupture of some PDL fibers, and the tooth is mobile in the 
socket, although not displaced. The treatment is the same as 
for concussion injuries.

In subluxation injuries, the immature apex tooth may  
not require splinting. However, the mature apex tooth  
should always be splinted to rest the periodontal tissues and 
protect the neurovascular bundle as it enters the small apical 
foramen.

Extrusive Luxation
In extrusive luxation, there is rupture of the PDL and pulp. 
Treatment for extrusive luxation should include:

• local anesthetic.
• atraumatic repositioning with gentle but firm digital 

pressure.
• nonrigid functional splint for 2 weeks.
• antibiotic therapy (e.g., amoxicillin 250 mg three times 

daily (if <6 years old, 125 mg three times daily) for 5 days.
• chlorhexidine 0.2% mouthwash twice daily while splint is 

in position.
• soft diet for 2 weeks.

Extrusive luxation is discussed further in the next  
section.

Lateral Luxation
In lateral luxation, there is rupture of the PDL and pulp and 
damage to the alveolar plate or plates (Figs. 17-7 and 17-8). 
Treatment for lateral luxation should include:

• local anesthetic.
• atraumatic repositioning with gentle but firm digital 

pressure.
• nonrigid functional splinting for 4 weeks.
• antibiotic therapy (e.g., amoxicillin 250 mg three times 

daily (if <6 years old, 125 mg three times daily) for 5 days.
• chlorhexidine 0.2% mouthwash twice daily while splint is 

in position.
• soft diet for 4 weeks.

Antibiotics may have a beneficial effect in promoting 
repair of the PDL. They do not appear to affect pulpal 
prognosis.

FIGURE 17-7  Labial lateral luxation of upper left central incisor at 
age 8 years. 

FIGURE 17-8  Same tooth as in Figure 17-7 at age 18 years, after 
correct treatment. 
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At the outset, all patients with intrusive luxation injuries 
should receive antibiotics, chlorhexidine mouthwash, and a 
soft diet. The risk of pulpal necrosis in these injuries is high, 
especially in the closed apex (see Table 17-2). The incidence 
of resorption and ankylosis sequelae is also high (see  
Table 17-3).7,8

Avulsion and Replantation
Replantation of avulsed teeth should always be attempted, 
although it may offer only a temporary solution due to the 
frequent occurrence of external inflammatory resorption 
(EIR).9-13 Even if resorption occurs, the tooth may be retained 
for years, acting as a natural space maintainer and preserving 
the height and width of the alveolus to facilitate later implant 
placement.

Successful healing after replantation can occur only if 
there is minimal damage to the pulp and the PDL. The type 
of extra-alveolar storage medium and the extra-alveolar time 
(EAT)—the time the tooth has been out of the mouth—are 
critical factors. The suggested protocol for replantation can 
be divided into advice on the telephone, immediate treatment 
in surgery, and review.

The following advice should be given to patients and fami-
lies over the telephone:

• Do not touch root; hold the tooth by its crown.
• Wash the tooth gently under cold tapwater for 10 seconds.
• Replace the tooth into the socket or transport it in a suit-

able medium to the hospital.
• If the tooth is replaced, bite gently on a handkerchief to 

retain the tooth until arrival at the hospital.

The best transport medium is the tooth’s own socket. Non-
dentists may be reluctant to replant a tooth, and milk is an 
effective iso-osmolar medium. Saliva, the patient’s buccal 
sulcus, specific tooth transport media, and normal saline are 
alternatives.

The following points are important in the immediate 
treatment:

• Do not handle root; if the tooth has been replanted, remove 
it from the socket.

• Rinse the tooth with normal saline. Note the state of root 
development. Store the tooth in saline.

• Apply local analgesia.
• Irrigate the socket with saline, and remove clot and any 

foreign material.
• Push the tooth gently but firmly into the socket.
• Apply a nonrigid functional splint (which will remain in 

place for 2 weeks).
• Check the occlusion.
• Obtain baseline radiographs (periapical or anterior  

occlusal). Determine whether any other teeth have been 
injured.

• Prescribe antibiotics, chlorhexidine mouthwash, and soft 
diet as described previously.

• Check the patient’s tetanus immunization status.

Before splint removal at 2 weeks, radiographs are obtained. 
If there is an open apex and EAT was less than 45 minutes, 
observation is appropriate. Otherwise, endodontic therapy is 
commenced before splint removal, as follows:

plates, as opposed to the tearing that occurs in extrusive luxa-
tion injury.

In cases of lateral luxation with late presentation (>2 days 
after the injury), the displacement cannot be reduced with 
gentle finger pressure. It is not advisable to use more force, 
because this could further damage the PDL. Orthodontic 
appliances, either a removable type or a sectional fixed appli-
ance, can be used to reduce the displacement over a period 
of a few weeks.

Intrusive Luxation
Intrusive luxation injuries result from an axial, apical impact, 
and there is extensive damage to PDL, pulp, and alveolar 
plates (Fig. 17-9).

Two distinct treatment categories exist, for open and 
closed apex.5 If the apex is open, the displacement can be 
disimpacted (with forceps if necessary) and allowed to erupt 
spontaneously. If there is no spontaneous movement  
within 3 weeks, rapid orthodontic repositioning is started. 
Alternatively, disimpaction and surgical repositioning can  
be performed, followed by functional splinting for 4 weeks. 
The pulpal status is monitored clinically and radiographically 
at 1, 3, and 6 months, and endodontic therapy is started if 
necessary. The use of nonsetting calcium hydroxide in the 
root canal does not preclude orthodontic movement. Once 
apexification has occurred, the canal is obturated with gutta 
percha.

Intrusive luxation with a closed apex is treated with elec-
tive orthodontic or surgical extrusion immediately, followed 
by functional splinting for 4 weeks. Elective pulp extirpation 
is performed before splint removal. Obturation with gutta 
percha is performed after initial calcium hydroxide 
dressing.

If endodontic treatment is commenced within 2 weeks 
after an injury to the PDL, some authors suggest that the 
initial intracanal dressing should be a polyantibiotic or 
antibiotic/steroid paste. The reason is that if nonsetting 
calcium hydroxide is inadvertently spun through the apex 
before the PDL fibers have healed, it can cause replacement 
resorption. Sixty percent of PDL fibers are healed 2 weeks 
after an injury.

FIGURE 17-9  Intrusive injury to the upper right permanent central 
incisor. 
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If the tooth becomes progressively gray, necrosis should be 
suspected. A gray color that appears for the first time several 
weeks or months after trauma signifies decomposition of 
necrotic pulp tissue and is a decisive sign of necrosis. Color 
changes are usually most apparent on the palatal surface of 
the injured teeth.

Tenderness to Percussion
TTP may be the most reliable isolated indicator of pulpal 
necrosis.

Periapical Inflammation
Radiological periapical involvement secondary to necrosis 
can be seen as early as 3 weeks after trauma. In mature teeth, 
TAB may be mistaken for periapical inflammation.

Arrest of Root Development
If necrosis involves the epithelial root sheath before root 
development is complete, no further root growth will occur. 
In an injured pulp, necrosis may progress from the coronal 
to the apical portion; residual apical vitality may result in 
formation of a calcific barrier across a wide apical foramen.

Failure of the pulp chamber and root canal to mature and 
reduce in size on successive radiographs compared with con-
tralateral uninjured teeth is also a reliable indicator of 
necrosis.

Root Resorption
Inflammatory Root Resorption (External)
External inflammatory root resorption is a pathognomic sign 
of necrosis and requires immediate endodontic treatment. 
Resorptive areas are usually evident within 3 weeks to 4 
months after injury. External inflammatory resorption is 
most frequently associated with intrusive luxation and replan-
tation. It is initiated by PDL damage resulting in resorption 
cavities in cementum but is propagated and potentiated by 
infected necrotic pulpal products that stimulate an increase 
in inflammatory response in the PDL via the dentinal tubules. 
“Punched-out” areas of resorption on the external root 
surface are associated with adjacent bony radiolucencies. If 
EIR is not present within 1 year after injury, it is unlikely to 
occur. Left untreated, inflammatory root resorption will 
destroy the tooth completely within months. Treatment con-
sisting of extirpation, débridement, and nonsetting calcium 
hydroxide is necessary. In most cases, arrest and cemental 
repair will occur.

Inflammatory Root Resorption (Internal)
Internal inflammatory root resorption is an infrequent com-
plication caused by chronic pulpal inflammation. It is often 
without clinical symptoms and is seen radiographically as a 
ballooning of the near-parallel walls of the root canal. It pro-
gresses rapidly to perforation of the root surface. Early end-
odontic treatment with extirpation, mechanical and chemical 
débridement, and nonsetting calcium hydroxide has a good 
chance of success.

Pulp Canal Obliteration
In up to 35% of injured teeth, there is progressive hard tissue 
formation within the pulpal cavity leading to a gradual nar-
rowing of the pulp chamber and root canal and partial or total 
obliteration. There is a reduced response to vitality testing, 

1. Open apex and EAT >45 minutes
a. Initial intracanal dressing: polyantibiotic or antibiotic/

steroid paste
b. Subsequent intracanal dressings: nonsetting calcium 

hydroxide
c. Replace calcium hydroxide every 3 months until an 

apical barrier forms or form an apical stop with MTA
d. Obturate the canal with gutta percha

2. Closed apex
a. Initial intracanal dressing: polyantibiotic or antibiotic/

steroid paste
b. Subsequent intracanal dressing: nonsetting calcium 

hydroxide
c. Obturate with gutta percha

Radiographic review is performed at 1, 3, 6, 12, 18, and 24 
months, then annually. If resorption is progressing unhalted, 
nonsetting calcium hydroxide is kept in the tooth until exfo-
liation, changing it every 6 months.

The immature tooth with an EAT of less than 45 minutes 
may undergo pulp revascularization (see Table 17-2). 
However, these teeth require regular clinical and radiographic 
review, because once EIR occurs, it progresses rapidly.

Replantation of Teeth with a Dry Storage Time 
of Greater Than 1 Hour
If a mature tooth has a dry storage time of greater than 1 hour, 
the PDL will be nonvital. The PDL and the pulp should be 
removed at chairside and the tooth placed in 2.4% sodium 
fluoride solution acidulated to pH 5.5 for 20 minutes. The 
root canal is then obturated with gutta percha, and the tooth 
is replanted and splinted with a nonrigid functional splint for 
4 weeks. The aim of this treatment is to produce ankylosis, 
which allows the tooth to be maintained as a natural space 
maintainer, perhaps for a limited period only. The sodium 
fluoride is believed to slow down the resorptive process.

Pulpal and Periodontal Status
Pulpal necrosis, the most common complication, is related to 
the severity of the periodontal injury (see Table 17-2). Imma-
ture teeth have a better prognosis than mature teeth due to 
their wide apical opening Slight movements can occur 
without disruption of the apical neurovascular bundle.

Necrosis usually can be diagnosed within 3 months after 
the injury, but in some cases, it may not be evident for 2 years 
or longer. Both clinical and radiological signs are often 
required to diagnose necrosis.

Sensitivity Testing
Most injured teeth respond negatively to electrical pulp 
testing immediately after the trauma. Most pulps that recover 
test positively within months, but responses have been 
reported as late as 2 years after injury. Therefore, a negative 
test by itself should not be regarded as proof of necrosis. 
Endodontics should be postponed until at least one other 
clinical or radiographic sign is present.

Tooth Discoloration
Initial pinkish discoloration may be caused by subtotal sever-
ance of apical vessels that leads to penetration of hemoglobin 
from such ruptures into the dentine tubules. If the vascular 
system repairs itself, most of this discoloration will disappear. 
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antibiotics, chlorhexidine, soft diet, and tetanus prophylaxis 
check.

Pulpal survival is more likely if repositioning occurs 
within 1 hour after the injury. Root resorption is rare.

SPLINTING

Trauma may loosen a tooth either by damaging the PDL or 
by fracturing the root. Splinting immobilizes the tooth in the 

and the crown appears slightly yellow or opaque. The exact 
initiating factor that produces this response from the odon-
toblasts is unknown. It is more common in immature teeth 
and in luxation injuries than in concussion and subluxation 
injuries. Although radiographs may suggest complete calcifi-
cation, there is usually a minute strand of pulpal tissue 
remaining. Up to 13% of these teeth can give rise to periapical 
inflammation as long as 5 to 15 years after the initial  
injury. Instrumentation of these canals can be difficult and 
prolonged and may result in perforation. Current clinical 
opinion would support allowing pulp canal obliteration  
to occur rather than initiating prophylactic endodontic 
treatment.

Replacement Resorption (Ankylosis)
Ankylosis is the most severe type of external root resorption; 
it is significantly related to replantation of avulsed incisors 
that had an extended extra-alveolar dry period. It is caused 
by extensive damage to the PDL and the cementum, which 
results in the establishment of bony union (ankylosis) between 
the alveolar socket and the root surface. The tooth then 
becomes essentially part of the bone, and as such, it is con-
stantly remodeled, resulting in continuous resorption of 
cementum and dentine. Radiographically, the periodontal 
space disappears and tooth substance is gradually replaced by 
bone. Most resorption is evident within 2 months to 1 year 
after injury; it can be detected clinically by a high, metallic 
percussion note.

There is no effective treatment for ankylosis, but because 
the rate of progression is relatively slow, the tooth can be 
maintained for up to 10 years. However, such teeth can be a 
problem in a growing child, because they may cease to move 
or grow with the rest of the jaw and cannot be moved 
orthodontically. Nonsetting calcium hydroxide can increase 
replacement resorption if it is extruded through the apex of 
an injured tooth before PDL healing has occurred. For this 
reason, the initial intracanal dressing should be polyantibiotic 
or antibiotic/steroid for the first 2 weeks after injury to  
the PDL.

Conclusion
The initial treatment of PDL injuries is often the easiest part 
of the management. All injuries should be seen by a specialist 
in pediatric dentistry or restorative dentistry within days after 
the initial injury so that appropriate endodontic and peri-
odontal management can be undertaken. Why go to the 
trouble of replanting a tooth in the middle of the night only 
to lose it 6 months later through external inflammatory 
resorption as a result of inadequate endodontic 
management?

INJURIES TO THE SUPPORTING BONE

The extent of the alveolar fracture should be verified clinically 
and radiographically (Figs. 17-10 and 17-11). If there is dis-
placement of the teeth such that their apices have risen up 
and are positioned over the labial or lingual/palatal alveolar 
plates (apical lock), they require extrusion first, to free the 
apices before repositioning.

The segment of alveolus with teeth requires only 4 weeks 
of rigid splintage (composite-wire type), using two abutment 
teeth on either side of the fracture (Fig. 17-12), together with 

FIGURE 17-10  Dentoalveolar  fracture  “carrying”  all  lower 
incisors. 

FIGURE 17-11  Periapical  radiograph of  the  same dentoalveolar 
fracture as in Figure 17-10. 
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• Bend a flexible orthodontic wire to fit the middle third of 
the labial surface of the injured tooth and one abutment 
tooth on either side.

• Stabilize the injured tooth in the correct position with soft 
red wax palatally.

• Clean the labial surfaces. Isolate, dry, and etch middle 
crown of the teeth with 37% phosphoric acid for 30 
seconds; wash and dry the teeth.

• Apply to the center of the crowns a 3-mm diameter circle 
of unfilled and then filled composite resin or of acrylic 
resin.

• Position the wire into the filling material, and then apply 
more composite or acrylic resin.

• Use a brush lubricated with unfilled composite resin to 
mold and smooth the composite. Acrylic resin is more 
difficult to handle; smoothing and excess removal can be 
done with a flat plastic instrument.

• Cure the composite for 60 seconds, or wait for the acrylic 
resin to cure.

• Smooth any sharp edges with sandpaper discs.

For a rigid splint, use the same technique but incorporate 
two abutment teeth on either side of the injured tooth. These 
splints should not impinge on the gingiva and should allow 
assessment of color change and sensitivity testing.

Orthodontic Brackets and Wire
For displacement injuries and exarticulations, orthodontic 
bracket and wire splints have the advantage of allowing a 
more accurate reduction of the injury by gentle forces.

Interdental Wiring
Interdental figure-of-eight wiring on an arch wire ligated to 
the teeth with ligature wire should not be used except as a 
temporary measure, because it compromises gingival health.

Foil and Cement Splint
A temporary splint made of soft metal (cooking foil or a milk 
bottle top) and cemented with quick-setting zinc oxide–
eugenol cement is an effective measure that can be used by a 
single operator or while awaiting construction of a laboratory-
made splint.

The technique is as follows:

• Cut foil to size: long enough to extend over two or three 
teeth on each side of the injured tooth and wide enough 
to extend over the incisal edges and 3 to 4 mm over the 
labial and palatal gingiva.

• Place foil over teeth and mold it over labial and palatal 
surfaces. Remove any excess.

• Cement the foil to the teeth with quick-drying zinc oxide–
eugenol cement.

Laboratory Splints
Thermoplastic and acrylic splints are used if it is not possible 
to make a satisfactory splint by the direct method, such as in 
a 7-year-old patient with traumatized maxillary incisors, 
unerupted lateral incisors, and carious or absent primary 
canines. There are two methods, both of which require algi-
nate impressions. Very loose teeth may need to be supported 
by wax, metal foil, or wire ligature so that they are not 
removed with the impression.

correct anatomical position so that further trauma is pre-
vented and healing can occur. Different injuries require dif-
ferent splinting regimens.5,13 A functional splint involves one, 
and a rigid splint two, abutment teeth on either side of the 
injured tooth.

Splinting Regimens
Periodontal Ligament Injuries
Sixty percent of PDL healing occurs within 10 days, and 
healing is complete within 1 month. The splinting period 
should be as short as possible, and the splint should allow 
some functional movement to prevent replacement root 
resorption (ankylosis). As a general rule, exarticulation (avul-
sion) injuries require 2 weeks and lateral and extrusive luxa-
tion injuries require 4 weeks of functional splinting.

Root Fractures
Apical-third and middle-third injuries require 4 weeks of 
functional splinting to encourage a repair with either calcified 
tissue or connective tissue. Coronal third injuries require 
longer stabilization time, up to 4 months. If there is a lot of 
mobility, the fracture site becomes filled with granulation 
tissue and the tooth remains mobile.

Dentoalveolar Fractures
Dentoalveolar fractures require 4 weeks of rigid splinting.

Types and Methods of Constructing Splints
Acrylic Resin
In the acrylic resin method, temporary crown material is 
formed into a thin sausage shape and applied to the incisal 
half of the labial surfaces of the crowns after acid etching. It 
is the ideal splint for a single operator to apply (e.g., in after-
hours accident and emergency work).

Resin-Wire Splint
The resin and wire splint method uses a temporary crown 
material made of either a composite resin or an acrylic resin. 
The composite resin is easier to place, but the acrylic resin is 
easier to remove.

The technique for a functional resin-wire splint is as 
follows:

FIGURE 17-12  Same dentoalveolar  fracture as  in Figures 17-10 
and 17-11 after reduction, showing rigid composite-wire splint. 
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the United States, an estimated 35% to 50% 16 will suffer 
additional serious injury, and 50% could die if returned to 
their home environment without intervention.

At least 50% of children diagnosed as having suffered 
physical abuse have signs on the head, neck, face, and mouth 
that are visible to the dental practitioner.17-22 Indeed, the 
dental practitioner may be the first professional to see or 
suspect the abuse. Injuries may take the form of contusions 
and ecchymoses, abrasions and lacerations, burns, bites, 
dental trauma, or fractures. The incidences of common oro-
facial injuries seen in child physical abuse are presented in 
Table 17-4. However, orofacial injuries are not limited to 
physical abuse alone. Signs on the head, neck, face, and 
mouth may be seen in up to 16% of cases of sexual abuse and 
up to 33% of neglect cases.21 Therefore, a dental practitioner’s 
awareness of the possibility of physical abuse may provide an 
opportunity for intervention. If this opportunity is missed, 
there may not be a further opportunity for many years.

The following points should be considered whenever 
doubts or suspicions are raised.

1. Could the injury have been caused accidentally, and if so, 
how?

2. Does the explanation for the injury fit the child’s age and 
the clinical findings?

3. If the explanation of cause is consistent with the injury, 
is the cause itself within normally acceptable limits of 
behavior?

4. If there has been any delay seeking advice, were there 
good reasons for the delay?

5. Does the story of the accident vary?
6. What is the nature of the relationship between parent and 

child?
7. What is the child’s reaction to other people?
8. What is the child’s reaction to any medical or dental 

examinations?
9. What is the general demeanor of the child?

10. Have any comments made by the child or the parent/
caregiver given concern about the child’s upbringing or 
lifestyle?

11. What is the child’s history of previous injury?

Dental practitioners should be aware of any established 
system in their locality that is designed to cope with cases of 

• Acrylic splints: There is full palatal coverage, and the acrylic 
is extended over the incisal edges for 2 to 3 mm on the 
labial surfaces of the anterior teeth. The occlusal surfaces 
of the posterior teeth should be covered to prevent any 
occlusal contact in the anterior region. This also aids 
retention, and Adams cribs may not be required. The 
splint should be removed for cleaning after meals and at 
bedtime.

• Thermoplastic splints: The splint is constructed from 
polyvinylacetate-polyethylene (PVAC-PE) copolymer, in 
the same way as a mouthguard, with extension onto the 
mucosa. It is usually removed after meals and at bedtime, 
but with more severely loosened teeth, it can be retained 
at night.

Both forms of laboratory splint allow functional move-
ment and therefore promote normal periodontal healing. 
However, they may compromise general gingival health if 
oral hygiene is not maintained.

CHILD ABUSE

A child is considered to be abused if he or she is treated in a 
way that is unacceptable in a given culture at a given time. 
Child abuse is now recognized as an international issue and 
has been reported in many countries.14 Each week, at least 4 
children in Britain and 80 children in the United States die 
as a result of abuse or neglect. At least 1 of every 1000 children 
in Britain suffers severe physical abuse, such as fractures, 
brain hemorrhage, severe internal injuries, or mutilation, and 
in the United States more than 95% of serious intracranial 
injuries during the first year of life are the result of abuse. 
Although some reports do prove to be unfounded, the 
common experience is that proven cases of child abuse are 
four to five times as common as they were 2 decades ago. In 
the United States, a national emergency was declared in 1990 
by the U.S. Advisory Board on Child Abuse and Neglect 
because there were 2.4 million cases of child maltreatment in 
the previous year.

The significant scientific paper in this area was published 
in 1962.15 In “The Battered Child Syndrome,” pediatrician 
Henry Kempe and his co-workers proposed that previously 
unexplained fractures and head injuries seen in children must 
have been caused nonaccidentally. The paper was a watershed, 
and subsequently many health workers realized that children 
under their care had similar nonaccidental injuries.

In the United Kingdom, the Children Act of 1989 defined 
four categories of abuse that could result in a child’s being 
placed on an “at-risk” registry: physical abuse, sexual abuse, 
emotional abuse, neglect. Currently, approximately 34,000 
children are listed on such registries or subject to a child 
protection plan in England and Wales. However, each cate-
gory of abuse is not a diagnosis on its own but merely a 
symptom of disordered parenting. The aim of intervention 
and placement of a child on an at-risk registry is to diagnose 
and cure the disordered parenting. Fewer than 4% of children 
who come to the attention of Child Welfare Services are actu-
ally removed from the family environment because of signifi-
cant risk; most families receive help and guidance so that they 
can function better. There is evidence that children do signifi-
cantly better with their own parents rather than parental  
substitutes. Of those children who are severely abused in  

TABLE 17-4 Incidence of Orofacial Injuries in Child 
Physical Abuse

Type of Injury Incidence (%)

Extraoral
Contusions and ecchymoses 66
Abrasions and lacerations 28
Burns and bites 4
Fractures 2

Intraoral
Contusions and ecchymoses 43
Abrasions and lacerations (including frenal tears) 29
Dental trauma 29
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child abuse. In the United Kingdom, each Local Authority 
Social Services Department is required to set up an Area 
Child Protection Committee. Dental practitioners are advised 
how to refer, and to whom, if they are concerned about a 
patient.

Awareness of child protection issues among dental practi-
tioners varies.18,19,23-26 This is directly related to undergraduate 
and postgraduate training programs, with younger practitio-
ners tending to have greater knowledge. In addition, special-
ist training programs in pediatric dentistry now include child 
protection issues. In board examinations in the United States 
and membership examinations in the United Kingdom,  
such knowledge is now essential for certification and 
recertification.

Since 1989, it has been mandatory for dental practitioners 
in the United States to report cases of child abuse. In the 
United Kingdom in 2003, a high-profile enquiry by Lord 
Laming into the death of an 8-year-old girl in London led to 
recommendations about procedures and training for all agen-
cies in regular contact with children.27 Despite these legisla-
tive advances, there is underreporting of suspected cases by 
dental practitioners. This problem appears to be related both 
to practitioners’ level of knowledge of the signs of a child in 
need and, probably more significantly, to their lack of under-
standing of how Child Welfare Services works and what 
happens to a child and family after a referral is made. These 
defects can be addressed only by participation in interagency 
training with all professionals involved in child protection.

Dental neglect is now recognized as often being part of 
more generalized neglect. Child neglect is a form of child 
maltreatment and is defined as “the persistent failure to meet 
a child’s basic physical and/or psychological needs, likely to 
result in the serious impairment of the child’s health or devel-
opment.”28 Similarly, dental neglect can be defined as “failure 
by a parent or guardian to seek treatment for visually untreated 
caries, orofacial infections and pain; or failure to follow 
through with treatment once informed that the above 
condition(s) exist, to ensure a level of oral health essential for 
adequate function and freedom from pain and care.”29 
However, for police to implement this definition adequately 
would be very difficult, because there are significant barriers 
including poverty, ignorance, and lack of access to adequate 
dental care.

Forty-five percent of all child protection plans in England 
and Wales are filed for neglect. This number is likely to rise 
as the poverty gap increases in developed countries.

KEY POINTS
• Boys experience dental trauma almost twice as often as girls.
• Maxillary central incisors are the most commonly involved teeth.
• Regular clinical and radiographic review is necessary to limit unwanted 

sequelae, institute appropriate treatment, and improve prognosis.
• Injuries to the developing permanent dentition occur in half of all instances 

of trauma to the primary dentition.
• Splinting for avulsion, luxation, and root fractures should be functional to 

allow physiological movement and promote healing of the PDL and should 
not exceed 2 to 3 weeks.

• Splinting for dentoalveolar fractures should be rigid and should extend for 3 
to 4 weeks.

• Endodontic management of some PDL injuries must start within 7 to 10 
days after the injury. Referral to pedodontic and restorative specialists is 
mandatory.

• In all luxation injuries, the prognosis for pulpal healing is better with an 
immature apex.

• Root resorption increases with the severity of damage to the PDL.
• The prognosis for replantation of avulsed teeth is best if it is undertaken 

within 1 hour after the injury, with a hydrated PDL.
• Orofacial injuries are found in at least 50% of cases of child physical abuse.
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18
Eyelid and Lacrimal Injuries

C HA P T E R 

Anthony G. Tyers

The eyelids protect the eyes. Spontaneous blinking 
sweeps away microscopic debris and moistens the eyes 
with tears. A dust fragment or bright light stimulates 

reflex blinking, and during sleep, the eyes are protected by 
continuous eyelid closure. Without adequate eyelids, the 
combined effects of desiccation and repeated minor trauma 
would soon lead to painful blindness. Neglected eyelid trauma 
can have the same disastrous result.

The distress that inevitably accompanies facial trauma can 
be reduced considerably by a cosmetic and functional 
outcome that restores normality as far as possible, especially 
to the midface. This is achieved by careful assessment in the 
hours after trauma and appropriate early management with 
later adjustment if necessary. A multidisciplinary approach is 
appropriate for all but the most superficial injuries. Photo-
graphs add to the written record, aid in planning late adjust-
ments, and provide an accurate graphical record for 
medicolegal purposes.

ANATOMY

Thorough knowledge of the anatomy of the periorbital region 
is essential for an accurate assessment and repair of eyelid and 
canthal trauma.

SURfACE ANATOMY

The upper and lower lids enclose the palpebral aperture, and 
they join at the medial and lateral canthi (Fig. 18-1). The 
average size of the palpebral aperture in an adult is 30 mm 
horizontally and 10 mm vertically between the centers of the 
lids. In the upper lid, the delicate preseptal skin (inferior to 
the brow) and the pretarsal skin (superior to the lashes) meet 
at the upper lid skin crease, 6 to 10 mm from the lash line in 
an adult and lower in a child. The skin crease in the upper lid 
is formed by the insertion of the levator aponeurosis into the 
orbicularis muscle at this level. There is often redundant skin 
superior to the skin crease in the upper lid so that a skin fold 
is created that covers the skin crease when the eye is open. 
Superior to the skin crease, the fullness in the upper lid is 
caused by orbital fat. A less obvious skin crease may be visible 
in the lower lid 4 to 5 mm from the lash line. Fullness in the 
lower lid also is caused by orbital fat. The lateral canthus lies 

at a slightly higher position than the medial canthus, and it 
rises further in upgaze.

EYELID STRUCTURE

An eyelid is conveniently divided into two anatomical lamel-
lae (Figs. 18-2 and 18-3). The anterior lamella includes the 
skin and the orbicularis muscle. The posterior lamella is 
formed by the tarsal plate and the conjunctiva. Any recon-
struction of the eyelid must restore the anterior covering 
lamella (skin) and the posterior lining lamella (mucosa) for 
the lid to function normally.

The skin of the eyelids is the thinnest in the body. It is 
attached loosely to the orbicularis muscle and more firmly 
attached in the region of the canthal tendons.

The orbicularis oculi muscle is the main protractor of the 
eyelids (Fig. 18-4). It is a flat sheet of concentric fibers encircl-
ing the palpebral aperture and spreading out beyond the 
orbital rims. It is divided into concentric zones: palpebral and 
orbital. The palpebral part overlies the eyelids. It is subdivided 
into a pretarsal part overlying the tarsal plates and a preseptal 
part anterior to the orbital septum in the upper and lower 
lids. The orbital part of the orbicularis muscle lies peripheral 
to the palpebral part. Because the orbicularis muscle is sup-
plied by the facial nerve, lacerations that damage the nerve 
may compromise eyelid closure.

The anatomy of the lymphatic drainage of the lids is 
important in facial trauma. Lacerations or surgical incisions 
that cut the lymphatic drainage may result in prolonged 
edema of the eyelid tissues. The lateral two thirds of the upper 
lid and the lateral one third of the lower lid drain to the pre-
auricular and parotid lymph nodes. The medial one third of 
the upper lid and the medial two thirds of the lower lid drain 
to the submandibular nodes.

LATERAL CANTHAL TENDON

The pretarsal muscles join laterally and insert by a common 
tendon into Whitnall’s tubercle, a bony prominence in the 
lateral orbital wall 5 mm posterior to the lateral orbital rim. 
The preseptal muscles join laterally to form a lateral raphe, 
which is connected to the underlying tendon. Deep to the 
muscle insertions, a Y-shaped fibrous thickening in the 
orbital septum joins the lateral ends of the tarsal plates to 
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posterior part leaves the deep surface of the anterior part just 
lateral to the anterior lacrimal crest. It passes medially and 
posteriorly, lateral to the lacrimal sac, and inserts on the 
posterior lacrimal crest. The muscle insertions are divided 
into superficial and deep heads, which also insert into the 
anterior and posterior lacrimal crests. Contraction of the pre-
septal orbicularis muscle during blinking activates the lacri-
mal pump mechanism, which facilitates the passage of tears 
from the palpebral aperture through the canaliculi into the 
lacrimal sac.

In practice, the detailed anatomy of the medial canthal 
tendon is not evident at surgery. The fibrous part is clearly 
visible, especially the anterior component. The posterior 
components of the medial canthal tendon are the main 
anchor for the medial ends of the lids. It is important to 

Whitnall’s tubercle. These structures together form the lateral 
canthal tendon.

MEDIAL CANTHAL TENDON

The medial canthal tendon is complex anatomically, and 
some controversy surrounds the details of the anatomy. It has 
a fibrous and a muscular component. The muscular compo-
nent is the insertions of the preseptal and pretarsal muscles 
(Fig. 18-5). The fibrous component is attached laterally to the 
medial ends of the tarsal plates as two limbs of a Y. The stem 
of the Y inserts medially, and it has an anterior and posterior 
component. The anterior component inserts on the frontal 
process of the maxilla just anterior to the anterior lacrimal 
crest level with the upper part of the lacrimal sac. The 

FIGURE 18-1  Surface anatomy of the eyelids in the primary position (A) and downgaze (B). 
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FIGURE 18-2  Section through the upper eyelid. 
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into the lower one third of the anterior surface of the tarsal 
plate. The orbital septum inserts into the anterior surface of 
the aponeurosis soon after its origin from the levator muscle. 
The aponeurosis expands medially and laterally to insert into 
the region of the medial and lateral canthal tendons as the 
medial and lateral horns of the aponeurosis (Fig. 18-6).

Müller’s muscle lies deep to the levator aponeurosis, 
between it and the conjunctiva. It arises from the deep surface 
of the levator muscle at the point of origin of the levator 

reconstruct the posterior component by reattaching the 
canthal tissues to the posterior lacrimal crest if it has been 
divided by medial canthal trauma.

UPPER AND LOWER LID RETRACTORS

The levator palpebrae and Müller’s muscles working together 
maintain the normal position of the upper lid when the eye 
is open (see Fig. 18-2). The levator muscle arises from the roof 
of the orbit immediately anterior to the optic foramen. It 
passes forward above the superior rectus muscle to end just 
posterior to the orbital septum as an aponeurosis. The apo-
neurosis passes forward into the lid and is inserted into the 
orbicularis muscle at the level of the upper lid skin crease and 

FIGURE 18-3  Section through the lower eyelid. 
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within the fossa and is bounded by the anterior and posterior 
lacrimal crests. The sac empties inferiorly into the nasolacri-
mal duct that passes down through the bony nasolacrimal 
canal, which is about 12 mm long, to open into the lateral 
wall of the nose under the inferior turbinate, which is approx-
imately 15 mm from its tip and 30 to 35 mm from the exter-
nal nares.

ASSESSMENT

HISTORY

An accurate account of the cause of the trauma allows a pre-
liminary estimate of the depth and extent of the injury. Blunt 
trauma frequently leads to diffuse contusion with irregular 
wound edges, whereas sharp objects cause wounds with 
smoother edges that are often deeper.

EXAMINATION

Tissue swelling or a reduced level of consciousness may 
prevent a full assessment. A stepwise approach to the exami-
nation of the periocular soft tissues is helpful.

Gross Pathology
The examination assesses edema, ecchymosis, crepitus, and 
hematoma. It is important to differentiate an orbital hema-
toma from preseptal hemorrhage. An orbital hematoma has 
a sharply limited edge (Fig. 18-8). The globe may be prop-
tosed and eye movements reduced. In contrast, preseptal 
hemorrhage (Fig. 18-9) may be extensive, causing consider-
able local swelling but without proptosis of the globe or limi-
tation of eye movements. A subconjunctival hemorrhage 
arising from an orbital hemorrhage (Fig. 18-10) has no pos-
terior edge but disappears posteriorly around the equator of 

aponeurosis. It descends to insert into the superior border of 
the tarsal plate. The preaponeurotic fat pad lies posterior  
to the septum and superior to the levator muscle. This fat 
gives the upper lid its fullness, and it is an important surgical 
landmark.

The structure of the lower lid is similar. The lower lid 
retractors are vestigial but important in maintaining lower lid 
position. The central fat pad in the lower lid is similar ana-
tomically to the preaponeurotic fat in the upper lid.

THE LACRIMAL SYSTEM

Tears are produced by the lacrimal gland, which lies between 
the globe and the superior temporal quadrant of the anterior 
orbit, just within the orbital rim (Fig. 18-7). As it becomes 
the lateral horn, the lateral edge of the levator aponeurosis 
creates a deep cleft in the lacrimal gland, dividing it into two 
lobes, a larger orbital lobe above the lateral horn and a smaller 
palpebral lobe below the lateral horn. The palpebral lobe is 
just visible in the lateral end of the superior conjunctival 
fornix if the lateral end of the upper lid is lifted. Fine secretory 
ductules pass from the palpebral lobe to penetrate the con-
junctiva of the superior fornix laterally.

Blinking spreads tears across the cornea, and they usually 
move in a medial direction toward the lacrimal puncta in the 
upper and lower lids approximately 6 mm from the medial 
canthus. The puncta normally lie within the tear film, and 
eversion of the puncta hinders the collection of tears. Cana-
liculi pass from the puncta medially to the lacrimal sac. The 
initial 2 mm of each canaliculus passes vertically into the lid 
before turning medially. At the medial canthal angle, the 
canaliculi pass posterior to the anterior limb of the medial 
canthal tendon and usually join to form a common canalicu-
lus 3 to 5 mm lateral to the lacrimal sac. The common cana-
liculus opens into the sac 2 to 3 mm behind the anterior limb 
of the medial canthal tendon. The lacrimal sac is situated 

FIGURE 18-6  Extraconal fat pads and insertions of the upper and lower lid retractors. 
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FIGURE 18-7  Lacrimal drainage system. 
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FIGURE 18-8  Bilateral orbital hematomas.  FIGURE 18-9  Periorbital hematoma. 

the globe. Subconjunctival hemorrhages due to direct trauma 
(Fig. 18-11) may be localized with the whole edge visible, 
although the posterior edge is often well posterior and may 
not be visible.

Record entry wounds, estimate the depth of wounds, and 
document any possible loss of tissue. Record whether the lid 
margins are involved in any laceration. Notice lacerations 
involving the medial canthus, the presence of telecanthus, 
and aponeurosis or lacerations in the upper lid that may have 
damaged the levator muscle.

Exclude blunt or penetrating trauma to the eye, particu-
larly penetrating injury of the globes if the eyelids are 

lacerated (Fig. 18-12). Check the visual acuity. Examine the 
pupils for their size at rest and their reaction to light.

The swinging flashlight test (Fig. 18-13) is valuable for 
identifying optic nerve trauma. To perform this test, dim the 
lights in the examination room, and if the patient is able to 
cooperate, indicate a distant target to look at. With a bright 
light, illuminate first one eye for 2 seconds and then the other 
for 2 seconds. Swing the light backward and forward in this 
fashion, and observe the pupil reactions. In the absence of 
optic nerve trauma (or disease) or widespread retinal trauma, 
the pupils remain small in both eyes, apart from momentary 
dilatation during the transit of the light from one eye to the 
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Eyelid Position
The examination evaluates the vertical position of the eyelids 
and the shape and position of the canthi. Although the verti-
cal distance between the center of the upper and lower lids 
varies, the palpebral aperture is commonly used as a measure 
of the position of the lids. It has the disadvantage that the 

other. In the presence of unilateral trauma to the optic nerve 
or with widespread retinal trauma, the pupil on that side 
dilates instead of remaining constricted as the light is moved 
from the normal eye to illuminate that eye. If the patient is 
mobile, a slit-lamp examination with measurement of the 
intraocular pressures is important at this stage.

FIGURE 18-10  Subconjunctival  and  orbital  hemorrhage  and  a 
fracture of the zygoma. 

FIGURE 18-11  Spontaneous subconjunctival hemorrhage. 

FIGURE 18-12  Upper lid laceration (A) with an underlying penetrating eye injury (B). 

A B

FIGURE 18-13  Right relative afferent pupil defect (RAPD). A, Light in front of normal left eye; both 
pupils constrict. B, Light in front of abnormal right eye; both pupils dilate. 

A B
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any displacement of the lateral canthi should be documented. 
Disruption of the canthal tendons frequently leads to round-
ing of the angle of the canthi.

Eyelid Movement
To estimate the function of the levator muscle of each upper 
lid, stabilize the brow with a thumb, and hold a ruler directly 
in front of the eyelids. Ask the patient to look up and down, 
and measure the excursion of the upper lid in millimeters 
(Fig. 18-16). The normal upper lid moves 12 to 15 mm 
from upgaze to downgaze. If there is no measurable levator 
function because of swelling or hemorrhage, look for any 
evidence of muscle action. The levator may cause only the 
slightest movement of the lid or dimpling of the upper  
lid skin. Bruising alone without transection of the levator  
can lead to a marked decrease in levator function (Fig. 
18-17). Surgical emphysema causes a mechanical ptosis 
that resolves over several days as the emphysema disappears 
(Fig. 18-18).

Eye Position
Measure the position of each globe in all three planes. A  
ruler is used to measure the vertical and horizontal position 

lower lid is used as the reference point for the position of the 
upper lid. In trauma and often in lid disease, the lower lids 
are not level (Fig. 18-14), and a false impression of the lid 
positions is given. A better measure is the margin reflex dis-
tance (MRD). The patient is asked to look at a flashlight (Fig. 
18-15). The distance from the corneal light reflex to each 
upper lid and each lower lid is recorded. This gives an accu-
rate record of the position of all four lids. It remains reason-
ably accurate even if one eye is displaced by hemorrhage, 
swelling, or an underlying squint. The MRD is recorded in 
the following manner:

3 1

MRD

5 5

In this case, the right upper lid is 3 mm and the left upper lid 
1 mm above the corneal light reflexes. Both lower lids measure 
5 mm from the light reflexes.

The distance between the medial canthi should be approx-
imately one half of the distance between the centers of the 
pupils with the eyes in the primary position. Telecanthus and 

FIGURE 18-14  The  value  of  margin  reflex  distance  (MRD).  The 
asymmetrical  lower  lids provide poor reference points  for measuring 
the relative positions of the upper lids. 

FIGURE 18-15  Corneal light reflexes as reference points for mea-
suring the position of the lids. 

FIGURE 18-16  With the brow fixed, measure the upper lid excursion in upgaze (A) and downgaze 
(B). 

A B
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presence of displacement of the zygoma. In this case, a rough 
estimate of anteroposterior displacement of the eyes can be 
made by looking over the patient’s forehead from behind (Fig. 
18-21). The relative positions of the eyes can be assessed 
easily.

of the globes (Fig. 18-19). The center of the pupil and 
the medial limbus are useful reference points. A Hertel 
exophthalmometer is used to measure anteroposterior  
position (Fig. 18-20). Because the Hertel exophthalmometer 
rests on the lateral orbital rims, it is not accurate in the 

FIGURE 18-17  A, Orbital  and periorbital  hematoma with bruising of  the  levator muscle. B,  Full 
recovery after 2 months. 

A B

FIGURE 18-18  A, Extensive surgical emphysema. B, Full recovery after 1 week. 

A B

FIGURE 18-19  Measuring vertical and horizontal displacement of 
the eye. 

FIGURE 18-20  Measuring  proptosis  with  a  Hertel 
exophthalmometer. 
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FIGURE 18-21  Estimating proptosis by viewing from above. 

FIGURE 18-22  A, Equipment for syringing the lacrimal system. B, After local anesthetic drops have 
been instilled, gently dilate the punctum, first vertically and then horizontally (C) a short distance along 
the canaliculus. D, Pull the lid laterally to straighten the canaliculus, and pass the lacrimal cannula along 
the canaliculus until the medial wall of the lacrimal sac can be felt as a hard stop. Inject saline gently. 
In a patent system, the patient feels the fluid in the throat. 

A B

C D

Eye Movement
Check that the eyes move together in horizontal and vertical 
directions. Record the presence of diplopia and the direction 
of gaze in which the images are most widely separated.

Lacrimal System
Inspect the medial canthal areas and the nose. A fine probe 
(size 00) may be passed into the lacrimal puncta and along 

the canaliculi to assess continuity. Alternatively, saline stained 
with fluorescein may be gently syringed through the cana-
liculi (Fig. 18-22). As a result of nasoethmoidal fractures that 
have damaged the walls of the nasolacrimal duct or sac, the 
fluid may leak through a defect into the tissues and give the 
false impression of a patient’s nasolacrimal system. Patency 
of the lacrimal system is confirmed if fluid can be seen 
beneath the inferior turbinate. Fluid stained with fluorescein 
fluoresces green with a cobalt blue light.

Special Studies
It is important to exclude retained foreign bodies within the 
periocular tissues or globes. They are easily visible with plain 
radiography or computed tomography.

A photographic record of the extent of the injuries at pre-
sentation is useful for medicolegal purposes and for planning 
future treatment. The photographic department may not be 
available, and it is helpful to have access to an alternative 
camera in the department. The most useful magnifications 
are for one eye (1 : 1), both eyes (1 : 3, 1 : 4), and full face 
(1 : 10). A suitable standard film (nondigital) camera should 
have a lens with an approximately 100-mm focal length, a 
suitable flash, and 100 ISO film speed. A digital camera 
should be capable of the same range of magnifications and a 
resolving power in excess of 3 megapixels.
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nasoethmoidal fractures can cause complex medial canthal 
disruption. Bony nasolacrimal canal fractures can obstruct 
the nasolacrimal duct. The management of trauma to the 
lacrimal drainage system depends on the site of the trauma.

Canaliculus Laceration within 8 mm  
of the Punctum
There is controversy about the need to repair a single, divided 
canaliculus, especially the upper canaliculus. A single, intact 
canaliculus is probably adequate in most patients to avoid 
watering, and the risk of iatrogenic injury to the normal cana-
liculus, especially with a pigtail probe, is significant. However, 
most lacrimal surgeons advise careful repair of any lacerated 
canaliculus when possible. The surgery is best undertaken 
within 24 hours of the injury; late repairs are less successful. 
A microscope is necessary for accurate repair.

The cut canaliculus can normally be identified easily and 
is situated posteriorly within the lid close to the lid margin. 
If one canaliculus is damaged, a monocanalicular stent, such 
as a Mini-Monoka stent (FCI Ophthalmics, Novamed Ltd., 
Dundee, Scotland), is easy to place, and it has an advantage 
over the Veirs rod because it is not easily dislodged during 
the healing period. If both canaliculi are damaged, a single 
canalicular stent can be used in each canaliculus, but a better 
alternative is bicanalicular silicone tubes, such as Ritleng 
tubes (FCI Ophthalmics). They are convenient and can be left 
in situ for 6 months or longer. However, they can be difficult 
to insert. Most systems using silicone lacrimal intubation 
tubes have probes attached to the tubes that are passed 
through the canaliculus in each lid and down the nasolacri-
mal duct to emerge below the inferior turbinate. Retrieving 
the probes can be difficult. The Ritleng tubes have a different 
system of intubation that is easier to insert.

After the tubes are in place, the lower ends within the nose 
are knotted together or joined with a suture or a Watzke 
sleeve and may be sutured within the ala of the nose with  
a 6-0 monofilament suture. However, the suture collects 
mucus and may gradually detach from the tissues. Silicone 
tubes can erode like a cheese wire through the puncta and 
canaliculi if they are too tight or abrade the cornea if they are 
too loose.

Insertion of a Monocanalicular Stent
Technique The Mini-Monoka stent is a silicone tube that is 
self-retaining within the canaliculus (Fig. 18-23). Its shape 
does not allow it to migrate down the canaliculus into the 
lacrimal sac. To insert it, pass the tube through the canalicu-
lus and across the laceration into the distal canaliculus and 
lacrimal sac (Fig. 18-24). Locate the angle of the stent within 
the proximal canaliculus, where it will be retained for 3 
months or longer without attention.

An alternative material is thin silicone tubing. It must  
be passed through both canaliculi because it does not  
have the angled, self-retaining end for single canaliculus 
intubation.

Complications The stent may fall out and can usually be 
replaced under local anesthesia. After removal of the stent, it 
is common for the canaliculus to narrow or stenose and to 
become nonfunctional. Little can be done to overcome this, 
but a watering eye is not inevitable if the other canaliculus is 
patent.

MANAGEMENT PRIORITIES AND ANESTHESIA

Complex periorbital trauma should be approached systemati-
cally. The order of priority in addressing injuries in the emer-
gency examination room and the operating room is as follows:

• Life-threatening injuries
• Decision on timing of any fracture stabilization
• Sight-threatening injuries, including corneal exposure
• Lacrimal drainage system
• Medial canthal tendon
• Lid margins
• Lateral canthal tendon
• Levator muscle and aponeurosis
• Penetrating trauma of eyelids and periocular region

General anesthesia is appropriate for children and most 
adults. However, local anesthesia may be particularly helpful 
in repairing the levator muscle or aponeurosis. In an adult 
patient with limited local swelling for whom general anesthe-
sia is not required for other reasons, local anesthesia allows 
the levator to be identified more easily by asking the patient 
to look up and down during surgery. The lid level is also set 
more accurately if the patient is awake. A 2% solution of 
lidocaine with 1 : 100,000 epinephrine provides a good level 
of anesthesia and hemostasis. If local anesthesia is indicated 
because the patient is unfit for general anesthesia but local 
infiltration is difficult because of wide local contusion, a 
regional block (e.g., frontal block, infratrochlear block, infra-
orbital block) avoids the injection of large volumes of local 
anesthetic.

ACUTE MANAGEMENT Of EYELID AND 
LACRIMAL TRAUMA

SIGHT-THREATENING TRAUMA

Management of fractures affecting the optic canal and of pen-
etrating ocular injury is considered elsewhere. Exposure of 
the cornea due to an inability to close the lids requires imme-
diate treatment. If the lids are intact, chloramphenicol oint-
ment should be put into the eye and the lids taped closed. If 
there is loss of lid tissue, the cornea should be protected by 
creating a moist chamber; eye pads are best avoided, but a 
plastic cartella shield can be placed over the eye and the gaps 
sealed with tape. Alternatively, a thin sheet of plastic food 
wrap or cling film can be placed directly over the eye and lids 
and taped around the edges to the forehead and cheek to 
create a sealed, moist space. If there is enough lid tissue to 
close the lids, a temporary tarsorrhaphy suture of 4-0 Prolene 
placed over bolsters is an effective way of providing tempo-
rary protection of the cornea. If the loss of tissue does not 
allow a suture to be used, early reconstruction of the defect 
is required (see “Reconstruction of Full-Thickness Eyelid 
Defects”).

LACRIMAL DRAINAGE SYSTEM

Lacerations of the inner canthus commonly damage the  
canaliculi. The lacrimal sac is damaged less often, but 
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Complications The loop of tubing may ride up within the 
nose and appear as a large loop within the palpebral aperture, 
abrading the cornea. It can be pulled down within the nose 
with the aid of a nasal endoscope and fine forceps. Alterna-
tively, if it is too tight, the loop in the inner canthus may 
cheese-wire through the canaliculi. It should be loosened 
within the nose if this occurs.

Repair of the Canaliculus
Technique Pass a silicone stent through the lacrimal 
punctum and across the laceration in the canaliculus. Place 
two or three fine sutures, such as 8-0 to 10-0 Vicryl or nylon, 
in the submucosal tissue surrounding the canalicular lumen 
to approximate the edges. Repair the lid tissues in layers  
(Fig. 18-26).

Complications Stenosis of the repair is common despite 
adequate stenting. Providing the other canaliculus is patent, 
watering of the eye is not inevitable. The traditional alterna-
tive of a pigtail probe passed between the canaliculi through 
the common canaliculus is considered unsuitable because of 
the risk of iatrogenic damage, and it is best avoided.

Canaliculus Laceration More Than 8 mm from 
the Punctum or in the Common Canaliculus
It is usually impossible to repair the distal canaliculus or 
common canaliculus directly. If the cut end of the canaliculus 

FIGURE 18-23  Position  of  the  monocanalicular  stent  in  lower 
canaliculus repair. 

Repaired laceration

Self-retaining monocanalicular stent

FIGURE 18-24  A to D, Insertion of a Mini-Monoka tube through the punctum, across the laceration, 
and into the medial cut end of the canaliculus before the lacerations in the canaliculus and the lid are 
sutured. 

A B

C D

Insertion of Bicanalicular Tubes
Technique There are several systems for bicanalicular intu-
bation. The commonly used Crawford tubes are more difficult 
to insert than the Ritleng system. The principle is the same: 
Fine silicone tubing is passed through the upper and lower 
canaliculi, and the ends are passed down the nasolacrimal 
duct and retrieved from the exit of the duct beneath the infe-
rior turbinate (Fig. 18-25).
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FIGURE 18-25  A,  Bicanalicular  intubation  for  single  or  double  canalicular  lacerations.  B,  The 
wound is sutured in layers. 

A B

FIGURE 18-26  Repair of a cut canaliculus. 

FIGURE 18-27  The canaliculus is identified medially. 

is visible, the options are to marsupialize the canaliculus into 
the conjunctival sac or to place a silicone stent. Lacerations 
occurring more medially, through the common canaliculus, 
cannot be repaired, and a Lester Jones tube may be required 
if watering is significant.

Marsupialization of the Canaliculus
Technique 
1. Identify the lower canaliculus in the medial cut edge (Fig. 

18-27).
2. Cut the canaliculus longitudinally for about 5 mm (Fig. 

18-28).

3. Separate the cut edges of the opened canaliculus (Fig. 
18-29), and place two 7-0 absorbable sutures between the 
corners of the cut canaliculus and the adjacent conjunc-
tiva. This helps to hold the canaliculus open (see Fig. 
18-40).

Complications The marsupialized canaliculus may not drain 
tears. Silicone tubes introduced through the canaliculi and 
down the nasolacrimal duct as described previously give the 
best chance of restoring patency. The medial canthal tendon 
is often damaged at the same time. If the posterior part of the 
tendon has been disrupted, it must be repaired.

Lacrimal Sac
If the lacrimal sac has been damaged but the canaliculi and 
common canaliculus are intact, a dacryocystorhinostomy 
with the insertion of silicone tubes is usually required. It may 
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2. Make a straight incision about 15 mm long and 8 mm 
medial to the inner canthus. One third should be supe-
rior to the medial canthal tendon and two thirds inferior. 
Deepen it through the orbicularis muscle to identify the 
anterior limb of the medial canthal tendon as it inserts 
into the anterior lacrimal crest.

3. Using a periosteal elevator, such as Rollet’s rougine, cut 
through or disinsert the medial canthal tendon and the 
adjacent periosteum along the anterior lacrimal crest. 
Reflect it laterally to expose the lacrimal sac fossa as far 
as the posterior lacrimal crest. The angular vein may be 
encountered during this dissection (Fig. 18-30).

4. Using a small, right-angled elevator, create a gap in the 
suture between the lacrimal bone and the frontal process 
of the maxilla in the floor of the lacrimal sac fossa. Frac-
ture out a small piece of bone, and then reintroduce the 
right-angled elevator to push the underlying nasal 
mucosa away from the deep surface of the bone.

5. Using bone nibblers, enlarge the hole in the lacrimal sac 
fossa until the floor of the fossa has been removed. After 
the removal of each small piece of bone, reintroduce the 
right-angled elevator to separate the nasal mucosa from 
the leading edge of the enlarging rhinostomy. Extend the 
anterior edge of the ostium onto the anterior lacrimal 
crest. The final defect in the bone should be at least 
15 mm in diameter (Fig. 18-31).

6. Pass a lacrimal probe through the lower canaliculus into 
the lacrimal sac to tent up its medial wall (Fig. 18-32). 
Make a vertical incision in the medial wall of the lacrimal 
sac to expose the tip of the lacrimal probe. Enlarge this 
vertically to the fundus of the sac superiorly and the 
nasolacrimal duct inferiorly.

7. Make a vertical cut in the nasal mucosa about one third 
of the distance from the posterior edge of the bony defect. 
From the ends of this incision, make transverse incisions 
to improve the mobility of the flaps (Fig. 18-33).

8. Suture the posterior flap of the lacrimal sac to the poste-
rior flap of nasal mucosa with three or four interrupted, 
6-0, absorbable sutures (Fig. 18-34). Introduce tubes at 
this point if necessary. To do this, pass the metal intro-
ducers along the superior and inferior canaliculi into the 

FIGURE 18-28  Cut along the posterior wall to open the canaliculus 
for 5 mm. 

FIGURE 18-29  The corners of  the marsupialized canaliculus can 
be secured open with fine absorbable sutures. 

FIGURE 18-30  Position of  the  incision  into  the periosteum of  the 
anterior lacrimal crest. The medial canthal tendon is seen laterally and 
the angular vein medially. 

Angular vein

be appropriate to undertake this surgery at the time of the 
primary repair. However, if there is complex disruption in the 
region of the medial canthus, it is preferable to defer definitive 
lacrimal surgery for several months until the tissues have 
healed. If the canaliculi and sac are severely damaged, it is 
unlikely that a patent lacrimal system can be achieved with 
any surgery. The tissues should be allowed to heal, and a 
Lester Jones bypass tube should be inserted at a later date if 
watering is a problem.

Dacryocystorhinostomy
Technique The principle of dacryocystorhinostomy is that 
the bone between the lacrimal sac fossa and the middle 
meatus of the nose (see Fig. 18-31, circled area) is removed. 
The mucosa of the lacrimal sac and the mucosa of the nose 
are incised, and anterior and posterior flaps, respectively, are 
anastomosed to create a direct connection between the lacri-
mal sac and the middle meatus.

1. Pack the nose and especially the region of the middle 
meatus with a nasal decongestant, such as a 4% solution 
of cocaine.



317ACUTE MANAGEMENT Of EYELID AND LACRIMAL TRAUMA

lacrimal sac. Cut off the metal introducers. Tie a knot 5 
to 10 mm from the point where the tubes enter the lac-
rimal sac or pass the tubes through a fine sleeve (e.g., 
Watzke’s sleeve) located at the same point. Pass fine, 
curved artery forceps up the nose into the dacryocysto-
rhinostomy site, and draw the ends of the tubes down the 
nose. Another knot or sleeve can be used to secure the 
lower ends of the tubes. Cut the tubes to leave their ends 
just within the nose.

9. Close the anterior flaps with three or four 6-0 absorbable 
sutures. Close the muscle and skin in two layers.

10. If tubes have been used, they should be removed at 3 
months.

Complications Dacryocystorhinostomy is successful in 
about 85% of patients, although more than this achieve 
patency of the lacrimal drainage system but with residual 

FIGURE 18-31  Area of bone removal. 

FIGURE 18-32  Probe tenting the medial sac wall before opening 
it. 

FIGURE 18-33  Vertical  cut  into  the  lacrimal  sac  laterally  and 
H-shaped cut into the nasal mucosa medially. 

FIGURE 18-34  Posterior flaps of the lacrimal sac and nose sutured. 
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watering of the eye. Repeat surgery can be difficult, and the 
results are often disappointing.

Insertion of Lester Jones Bypass Tube
Technique A Lester Jones tube is passed from the medial 
canthus behind the medial end of the lower lid through the 
soft tissues and the bony rhinostomy of a dacryocystorhinos-
tomy into the middle meatus of the nose.

1. Follow steps 1 to 8 as for a standard dacryocystor- 
hinostomy.

2. Pass a fine, pointed, guidewire from the junction between 
the caruncle and the medial end of the lower lid in a 
downward and posterior direction through the lateral wall 
of the lacrimal sac and through the bony ostium into the 
middle meatus of the nose (Fig. 18-35).

3. Pass a 2-mm trephine over the guidewire to create a 
narrow channel. Remove the trephine, and estimate the 
length of Lester Jones tube required to reach from the 
inner canthus to the middle meatus. Pass a Lester Jones 
tube of the correct length along the guidewire (Fig. 18-36). 
Check its position; the medial end should be 2 to 3 mm 
from the nasal septum (Fig. 18-37), and the lateral end 
should lie close to the lower fornix behind the medial end 
of the lower lid (Fig. 18-38; see also Fig. 18-41) so that 
tears can enter it easily. A 6-0 Prolene suture may be 
wound around the neck of the tube and through the adja-
cent lid to anchor it for the first week.

4. Close the lacrimal sac and the wound as for a 
dacryocystorhinostomy.

5. The tube should be irrigated twice daily by sucking saline 
drops through it.

Complications The tubes may become blocked or fall out. 
Regular cleaning by inhaling saline drops through the tube 
maintains patency in most patients. If the tube becomes 
blocked and cannot be cleared with syringing or if it falls out, 
it must be replaced, usually under general anesthesia.

Nasolacrimal Duct
If the nasolacrimal duct has been damaged by a fracture 
through the nasolacrimal canal but the lacrimal sac and 

FIGURE 18-35  Guidewire from the inner canthus to the ostium. 

FIGURE 18-36  Lester  Jones  tube  over  a  guidewire  at  the  inner 
canthus. 

FIGURE 18-37  Good tube position. LNW, lateral nasal wall; MT, 
middle turbinate; S, septum. 

S

MT

LNW
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canthal tendon can be ignored. The posterior limb, however, 
should be identified and reattached to the posterior lacrimal 
crest. The periosteum over the posterior lacrimal crest is 
slightly thickened and offers a good anchor point for a double-
armed, 5-0, nonabsorbable suture, which then passes forward 
to the severed tissues at the medial canthal angle. This repair 
is performed after any canalicular repair, and care must  
be taken to avoid further damage or distortion of the 
canaliculi.

If it is not possible to achieve adequate fixation to the 
posterior lacrimal crest, alternative anchorage in the region 
of the posterior crest must be provided. This is achieved with 
local wiring or a transnasal wire anchored to the medial 
canthal tendon of the opposite side. A miniplate or micro-
plate attached to the anterior lacrimal crest and angled back 
toward the posterior lacrimal crest can provide adequate pos-
terior fixation. If there have been fractures in the region of 
the lacrimal fossa with loss of fixation points, a transnasal 
wire may be preferred to attempted direct refixation of the 
medial canthal tendon to the periosteum. A transnasal wire 
is also required for bilateral medial canthal tendon disrup-
tion, especially if there is disruption of the normal bone 
anchor points. The wire must be passed through the floor of 
the lacrimal sac fossa as far posteriorly as possible. Care must 
be taken preoperatively to establish the position of the crib-
riform plate to avoid injury at surgery.

Suture Reattachment of the Medial Canthal 
Tendon to the Posterior Lacrimal Crest
Technique

1. Using blunt dissection with scissors directed posteriorly 
and medially lateral to the lacrimal sac, expose the poste-
rior lacrimal crest at or just above the level of the medial 
canthus.

2. Place a malleable retractor gently against the globe to 
improve the exposure, and insert both needles of a double-
armed, 5-0, nonabsorbable suture, directed posteriorly 
through the periosteum of the posterior lacrimal crest 
(Fig. 18-39).

3. Pass one needle of the 5-0 suture through the edge of the 
tarsal plate in the lateral wound edge close to the lid 

canaliculi are intact, a dacryocystorhinostomy is appropriate. 
This is usually deferred until the tissues have healed.

Extensive Trauma with No Reconstruction 
Possible
Extensive damage to the lacrimal drainage system cannot be 
repaired with any significant chance of patency. The tissues 
are allowed to heal, and if watering becomes a problem, a 
Lester Jones bypass tube is inserted at a later date.

MEDIAL CANTHAL TENDON

Disinsertion or disruption of the medial canthal tendon may 
occur with nasoethmoidal and Le Fort II fractures or with 
local penetrating injuries. The anterior limb of the medial 

FIGURE 18-38  A, Proximal end of the tube. There is no tube-eye 
touch (B) or displacement (C) with eye movement. 

A

B

C

FIGURE 18-39  Suture  placed  in  the  periosteum  of  the  posterior 
lacrimal crest and right inner canthus. 
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LID MARGINS

Lid margin lacerations are common. Accurate repair, avoid-
ing distortion or a notch, ensures comfort, corneal protec-
tion, and good function with regard to the spread of tears. If 
the lid margin cannot be approximated because of limited 
local loss of tissue, it may be necessary to release tissue in the 
region of the lateral canthus to allow direct closure. If tissue 
loss is more extensive, larger flaps and reconstruction of both 
eyelid lamellae may be required (see “Reconstruction of Full-
Thickness Eyelid Defects”).

Direct Closure
Technique
The technique is identical for upper and lower lids (Fig. 
18-42).

1. Place a 6-0 or 7-0 absorbable suture through the cut edges 
of the tarsal plate close to the lid margin, but avoid includ-
ing the conjunctiva (Fig. 18-43). Tie the knot on the ante-
rior surface of the tarsal plate.

margin, adjusting its position as necessary so that when 
the suture is tightened, the lid is drawn medially and pos-
teriorly to lie against the eye. Pass the second needle 
through the tarsal plate 2 to 3 mm inferior to the first (Fig. 
18-40). Tie the 5-0 suture with a single throw to draw the 
lateral wound edge medially.

4. Close the conjunctiva to ensure that the 5-0 fixation suture 
is well covered. Tighten the 5-0 fixation suture further, and 
tie it. Close the skin with 6-0 sutures.

Complications
The suture holding the medial canthus attached to  
the posterior lacrimal crest may become detached,  
resulting in migration of the canthus. It will need to be 
replaced.

Transnasal Wire Insertion to fix the Canthi
Guidelines for inserting a transnasal wire were provided 
earlier (see “Insertion of a Monocanalicular Stent”). A trau-
matic telecanthus treated with this technique is shown in 
Figure 18-41.

FIGURE 18-40  A and B, Posterior lacrimal crest suture passed through the cut medial edge of the 
tarsal plate. Notice the 7-0 absorbable suture anchoring the marsupialized canaliculus. 

Cut canaliculus

7/0 absorbable
suture

Medial
wound edge

Orbicularis
muscle

Lateral
wound edge

5/0 non-
absorbable
suture

A B

FIGURE 18-41  A and B, Traumatic telecanthus treated with a transnasal wire. A Lester Jones tube 
has been inserted at the same time. 

A B
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2. Place two more absorbable sutures through the edges of 
the tarsal plate in the same way to close the posterior 
lamella of the lid. Place a 6-0 suture through the gray line 
(squamous-mucosal junction) at the lid margin. Pass it 
across the wound and out through the gray line on the 
opposite side (Fig. 18-44). Tie the suture to support closure 
of the margin. Leave the suture ends long.

3. Close the orbicularis muscle within the wound with two 
or three 6-0 or 7-0 absorbable sutures. Close the skin with 
6-0 or 7-0 sutures. Pass the long end of the lid margin 
suture beneath the skin closure sutures to prevent it dam-
aging the cornea (Fig. 18-45). The lid margin and skin 
sutures can be removed after 1 week (Fig. 18-46).

Complications
A small notch may appear at the lid margin despite every 
effort to prevent it. It is best left alone. If an obvious notch or 
distortion of the lid margin is present (Fig. 18-47), allow the 
lid to heal for several months, excise the notch, and resuture 
the lid. Occasionally, the lid repair breaks down. Remove the 
sutures, and allow the lid to heal without further attempt to 
suture it. The result is usually surprisingly good, but if there 

FIGURE 18-42  A to D, Principles of direct lid margin closure. 

A B DC

FIGURE 18-43  A and B, The first suture is placed through the tarsal plate at the posterior lid margin 
on either side of the wound. 

A B

FIGURE 18-44  The tarsal plate is closed with the lid margin suture 
in situ through the gray line. 
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medially and forward. The lateral canthal tendon should be 
reattached to Whitnall’s tubercle. This is sometimes possible 
with a simple suture through the periosteum overlying  
Whitnall’s tubercle. If this is not possible, a periosteal flap 
fashioned from the periosteum overlying the lateral orbital 
rim and based medially within the orbit provides adequate 
anchorage. Alternatively, a wire passed through the lateral 
canthal tissues and through holes drilled in the lateral orbital 
rim provides secure fixation.

Periosteal flap
Technique
A periosteal flap is used to support the upper or lower lid, or 
both, laterally when the lateral canthal tendon is inadequate 
(Fig. 18-48). It is useful in lid reconstruction when lateral 
fixation of the posterior lamella is required or when the 
tendon is lax or absent and the lateral canthus has moved 
medially.

1. Make a horizontal incision from the lateral canthus to 
expose the lateral orbital rim. At the level of the proposed 
new lateral canthal tendon, mark two horizontal lines on 
the periosteum, 8 to 10 mm apart, extending from the 
medial border of the lateral orbital rim to the temporalis 

FIGURE 18-45  The eyelid wound is closed. 

FIGURE 18-46  A, Upper lid lacerations with potential tattooing. B, Repair after careful removal of 
debris from the skin and wounds. 

A B

FIGURE 18-47  A and B, Upper lid margin distortion and tattooing due to inaccurate closure and 
incomplete removal of debris during the original operation. 

A B

is local distortion, this area of the lid margin should be 
excised and the lid resutured.

LATERAL CANTHAL TENDON

Disruption of the lateral canthal tendon leads to a rounded 
lateral canthal angle and displacement of the canthus 
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3. To attach the canthal tissues or the reconstructed posterior 
lamella to the periosteal flap, pass one or two double-
armed, 5-0 nonabsorbable sutures through the lid tissues, 
and then pass both needles through the periosteal flap.

4. Tie the sutures to support the lid tissues. There should be 
minimal horizontal lid laxity. If a broader strip of perios-
teum has been cut for the support of both lids, split it into 
an upper and a lower limb, and attach them to the poste-
rior lamellae of the upper and lower lids in the same way.

5. Close the incision in two layers (Fig. 18-51).

Complications
The canthus can drift medially over several months. Resuture 
to the periosteal flap usually corrects this. Granuloma may 
form within the wound. Excise it, and resuture the wound, 
taking care to cover the periosteal flap and sutures with orbi-
cularis muscle during closure.

LEVATOR MUSCLE AND APONEUROSIS

Laceration of the levator apparatus manifests with ptosis. 
However, severe bruising and local swelling or surgical 
emphysema may also present with poor levator function and 
ptosis (see Figs. 18-17 and 18-18). Wounds in the upper lid 
must be explored to their depths and any damage to the FIGURE 18-48  Principle of a periosteal flap. 

FIGURE 18-49  Periosteum of the lateral orbital rim is exposed.  FIGURE 18-50  Cut for a periosteal flap. 

FIGURE 18-51  A, Rounded canthus due to detachment of the lateral canthal tendon. B, Repaired 
with a periosteal flap. 

A B

fascia laterally. If support for both lids is required, cut a 
broader strip of periosteum to allow it to be split later. 
Mark the lateral extent of the flap with a vertical line  
(Fig. 18-49).

2. Incise the edges of the flap, leaving the periosteum intact 
medially, and lift the flap of periosteum with a periosteal 
elevator. Leave the base of the flap attached to the perios-
teum within the lateral rim of the orbit (Fig. 18-50).
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necessary to avoid tattooing (Figs. 18-53 and 18-54). Dead 
tissue is excised, but tissue removal should be kept to a 
minimum.

The wounds should be explored carefully to determine the 
depth and nature of any damage. Fat visible within a wound 
may indicate laceration of the septum. This does not present 
a problem. The fat should be pushed back into position and 
the septum left open.

Close the wounds with absorbable sutures to the orbicu-
laris muscle and 6-0 monofilament sutures to the skin. 
Closure of lid margin lacerations is described previously.

PENETRATING EYELID AND PERIOCULAR 
TRAUMA WITH TISSUE LOSS

Tissue loss should be assessed. Distortion of the tissues due 
to edema or hemorrhage may give the impression of actual 
loss of tissue. However, loss often is not confirmed during 
surgery (Fig. 18-55).

The principles of reconstruction of defects in the lids and 
periocular tissues are the same as for reconstruction after 
tumor removal. A reconstructed eyelid must have an anterior 
covering layer (skin) and a posterior lining layer (mucosa). 
One of these layers must have a blood supply. There must also 
be adequate support for the lids medially and laterally. In 
planning the method of reconstruction, excess tension or 
distortion should be avoided. The skin graft color should be 
matched accurately with careful choice of the donor site. 
Definitive repair in the hours after an injury should be 

levator identified. Fat visible within the wound in the upper 
lid is usually preaponeurotic fat, and it indicates that the 
septum has been cut. Brow fat that extends down from the 
brow on the anterior surface of the septum may also be 
visible. Preaponeurotic fat is lighter and more mobile than 
brow fat.

A tear in the levator aponeurosis or muscle should be 
repaired with 6-0 absorbable sutures. The septum should not 
be repaired. The levator can be repaired through the main 
wound in the upper lid if it is large. If it is not or if there is 
doubt about the adequacy of exposure, it is preferable to close 
the primary wound and make a second, formal incision 
within the upper lid skin crease to expose the levator and 
aponeurosis and repair it formally (Fig. 18-52).

If no damage to the levator is identified, the cause of the 
ptosis may be local bruising. Levator function and ptosis will 
improve as the bruising subsides.

PENETRATING EYELID AND PERIOCULAR 
TRAUMA WITHOUT TISSUE LOSS

Early repair of skin and orbicularis wounds within the first 8 
hours is preferable. The repair may be delayed for 24 to 48 
hours if circumstances demand, although it becomes progres-
sively more difficult due to edema. It may also be more dif-
ficult to decontaminate the wounds adequately. The wound 
must be cleaned and irrigated and all visible foreign bodies 
removed. The skin must be cleaned meticulously of all embed-
ded foreign material, with firm scrubbing with a brush if 

A

C

B

FIGURE 18-52  A  to C, An oblique  laceration above  the brow 
transects the levator aponeurosis (exposed through a second incision 
at the upper lid skin crease) and penetrates the cornea. 
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local retraction. In the lower lid, this usually means a closure 
wound placed at right angles to the lid margin (Fig. 18-56).

Closure with a skin flap or graft is indicated if the defect 
is too large for direct closure. Many different configurations 
of skin flap may be used in the periocular region. Local 
sliding or transposed flaps are common (Fig. 18-57).

Skin grafts may be partial or full thickness. Partial-
thickness (split-thickness) grafts are usually reserved for large 
defects or those in the upper lid above the skin crease when 
skin from the opposite upper lid is not available. Full-
thickness grafts are best taken from the upper eyelid; they 
give an excellent color match and good mobility. The graft is 
taken from the skin superior to the skin crease (Fig. 18-58). 
Alternative donor sites include the postauricular region and 
the supraclavicular fossa.

Reconstruction of full-Thickness Eyelid Defects
Full-thickness defects of up to one fourth of the lid length 
may be closed directly as described previously. Defects up to 
about one third of the lid require release of the upper or lower 
limb of the lateral canthal tendon—a lateral cantholysis—
before they can be closed directly.

Full-thickness eyelid defects larger than about one third of 
the lid length (or up to one half in the elderly) require the 
reconstruction of the posterior lining layer and the anterior 

considered only if adequate cleansing of the wounds has been 
possible and the viability of the tissues is certain.

Reconstruction of Partial-Thickness Eyelid and 
Periocular Defects
Partial-thickness defects of the lids or periocular region may 
be closed directly or may require reconstruction of the ante-
rior covering layer with a skin graft or a skin flap. Direct 
closure of wounds must be performed in a direction that does 
not cause distortion of the lid margin, such as ectropion or 

FIGURE 18-53  A, Embedded debris after a close-range gunshot with a blank. B, Careful scrubbing 
removed as much foreign material as possible. C, The appearance 1 year later shows that tattooing of 
the cornea and conjunctiva could not be avoided. D, Notice the corneal graft to restore clarity to the 
central cornea. 

A B

C D

FIGURE 18-54  Marked tattooing was caused by failure to remove 
debris during the original operation. 
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inferior orbital rim must be cut to allow the lateral tissues to 
move further medially. To do this, grasp the medial cut end 
of the tendon, and pull it laterally and slightly upward to put 
the septum on stretch. Gently introduce scissors between the 
orbicularis muscle and the conjunctiva along the superior or 
inferior orbital rim, and cut the septum as far medially as 
necessary to allow closure of the lid. With each cut into the 
septum, the lid can be felt to “give” and become more mobile.

Complications
Slight notching of the lid margin at the outer canthus may 
occur if there has been excessive dissection to expose the 
lateral canthal tendon. It is best left alone, but if extensive, 
local resuturing can improve the profile of the lid margin.

Posterior Graft with an Anterior flap
If the posterior layer is reconstructed with a graft, the anterior 
layer must be reconstructed with a skin flap. Grafts for the 
posterior (lining) layer can come from oral mucosa, tarsal 
plate, or hard palate. Tarsal plate grafts usually are taken from 
the upper lid. Other grafts, such as donor sclera or ear carti-
lage, are less satisfactory because they do not have a mucosal 
lining, and their use typically is restricted to the lower lid.

Tarsal Plate Grafts
Technique A full-thickness tarsal plate from the upper lid is 
an excellent posterior lamellar graft with a mucosal lining 
when only a small area is required. It may be taken from the 
ipsilateral or contralateral side.

covering layer. When both layers have to be reconstructed, at 
least one of them must have a blood supply. This means com-
bining an anterior skin flap with a posterior graft or an ante-
rior skin graft with a posterior flap. Alternatively, both may 
be flaps.

Lateral Cantholysis
Lateral cantholysis is a technique used almost exclusively in 
the lower lid. In the upper lid, great care is needed when 
releasing the septum to avoid damage to the lacrimal gland. 
Up to one third of the lid length can be reconstructed with 
the extra tissue made available by a cantholysis.

Technique
1. Make a horizontal cut from the lateral canthus to the 

orbital rim. Take care not to cut obliquely downward or 
upward through either limb of the lateral canthal tendon 
(Figs. 18-59 and 18-60).

2. Pull the lid medially to put the lateral canthal tendon on 
stretch. It can be felt as a tight band just posterior to the 
orbicularis muscle and between the muscle and the con-
junctiva. Expose this limb of the tendon by spreading scis-
sors either side of it (Fig. 18-61).

3. Cut this limb of the tendon laterally (Fig. 18-62).
4. Close the lid defect in the standard way. Close the lateral 

wound in layers with 6-0 sutures (Fig. 18-63).

If the defect cannot be closed without undue tension, the 
orbital septum between the lateral tarsal fragment and the 

FIGURE 18-55  A, Apparent loss of tissue, which was not confirmed during the operation. B, The 
final result after a simple repair with careful attention to restoration of the anatomy. 

A B

FIGURE 18-56  A  and  B,  Direction  of  closure  of  small 
lower lid wounds to avoid vertical traction. 

A B
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FIGURE 18-57  Principles of sliding (A and B), O-Z (C and 
D), and bilobed  (E and f) flaps  for  reconstruction of  lower  lid 
defects. 

A B

C D

E F

FIGURE 18-58  Taking a full-thickness skin graft from the upper lid. 

FIGURE 18-59  A and B, Principle of lateral cantholysis. 

A B
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2. Incise the full thickness of the tarsal plate along the mark. 
Make vertical cuts from each end of the first incision to 
the superior border of the tarsal plate and extend them 
superiorly for 2 mm into the conjunctiva. Undermine and 
excise the graft with about 2 mm of conjunctiva attached 
(Fig. 18-65). Allow the donor site to granulate.

Complications If the incision in the tarsal plate was made 
less than 4 mm from the lid margin, buckling of the lid may 
occur during healing. Once healed, the distorted area should 
be excised and resutured. Occasionally, lid retraction occurs 
with healing. Release of the upper lid retractors is necessary 
to correct this.

Many different flaps are used for the anterior (covering) 
layer. The small Tenzel flap and the larger McGregor flap are 
useful for defects up to about half the lid. A nasojugal flap 
medially or a transposed cheek flap laterally are commonly 
used for larger defects. These flaps are best for defects that do 
not extend far inferiorly into the cheek. Larger defects involv-
ing cheek skin often require a larger flap, such as the Mustarde 
cheek rotation flap.

1. Evert the upper lid over a Desmarres retractor, and insert 
a stay suture close to the lid margin. Measure on the tarsal 
plate 4 mm from the lid margin at several points, and 
mark off along this line the length of graft required  
(Fig. 18-64).

FIGURE 18-60  Horizontal cut at the lateral canthus. 

FIGURE 18-61  Exposing  the  lower  limb  of  the  lateral  canthal 
tendon. Notice the traction on the lid to put the tendon on stretch. 

FIGURE 18-62  Cutting the lower limb of the lateral canthal tendon. 

FIGURE 18-63  The  result  2  months  after  routine  closure  of  the 
central defect with a cantholysis. 

FIGURE 18-64  Incision  in  the  tarsal plate  is marked 4 mm  from 
the lid margin. 
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Tenzel Flap
Technique The Tenzel flap technique allows direct closure of 
upper or lower lid defects up to about one half of the lid 
length (Fig. 18-66).

1. Mark the semicircular flap approximately 22 mm in the 
vertical and 18 mm in the horizontal direction. Begin the 
mark as a lateral continuation of the line of the lid to be 
reconstructed. Continue more steeply upward (for recon-
struction of the lower lid) or downward (for reconstruc-
tion of the upper lid), curving the line to achieve the 
correct dimensions. Finish level with the canthus and no 
further lateral than the end of the eyebrow (Fig. 18-67).

2. Make an incision along the mark, and undermine the flap 
in the plane just deep to orbicularis muscle. Reflect the flap 
to expose the lateral canthus. Cut the appropriate limb of 
the lateral canthal tendon (Fig. 18-68).

3. For closure of a lower lid defect, free the septum. Close the 
eyelid defect in the usual way. Pull the lid gently laterally 

FIGURE 18-65  Tarsal plate graft is excised with 2 mm of conjunc-
tiva superiorly. 

FIGURE 18-66  A to D, Principle of a Tenzel semicircular 
flap. A B

C D

FIGURE 18-67  The incision is marked for a Tenzel flap. 
FIGURE 18-68  The  flap  is  reflected,  and  the  lower  limb  of  the 
lateral canthal tendon is cut. 
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its base just inferior to the medial canthus. Care is needed 
in the design of the flap to ensure that it is long enough to 
fill the defect (Fig. 18-74).

2. Raise the flap, staying superficial to the facial muscles and 
within the fat layer.

to remove any horizontal lid laxity. Support the flap with 
a 4-0 nonabsorbable suture to the deep tissues. Where the 
flap edge crosses the lateral canthus, fix it to the opposite 
limb of the lateral canthal tendon with a 4-0, long-acting, 
absorbable suture to create a new canthus.

4. Close the edge of the flap in two layers with 6-0 catgut and 
a 6-0 nonabsorbable suture to the skin. Remove the surface 
sutures after 5 days (Fig. 18-69).

Complications Shallow notching of the lid margin at the 
outer canthus may occur. If marked, resuture the affected lid 
to correct the notch.

McGregor Flap
Technique The McGregor flap uses a Z-plasty, which helps 
to avoid a dog ear in the superior edge of the wound and 
partly hides the scar by breaking the line.

1. Mark an incision from the lateral canthus toward the ear 
with a gentle, convex curve upward (for the lower lid) or 
downward (for the upper lid). Mark a Z with the stem 
along the main incision, placing the more lateral limb of 
the Z on the same side of the main incision as the lid to 
be reconstructed (Fig. 18-70).

2. Reflect the flaps, keeping deep to the orbicularis muscle 
and medial to the orbital rim but superficial to orbicularis, 
within the subcutaneous fat and lateral to the orbital rim. 
Undermine beyond the flaps. Cut the appropriate limb of 
the lateral canthal tendon, and mobilize the lateral part of 
the lid.

3. Close the defect in the lid. Transpose the flaps in the usual 
way, and close the skin (Figs. 18-71 and 18-72).

Complications Shallow notching of the lid margin at the 
outer canthus may occur. If marked, resuture the affected lid 
to correct the notch.

Nasojugal Flap
Technique The nasojugal flap is used for medial lower lid 
defects (Fig. 18-73).

1. Reconstruct the posterior lamella with a suitable graft. The 
flap should be almost vertical in the nasojugal area, with 

FIGURE 18-69  A, End of the operation. B, Six months later. 

A B

FIGURE 18-70  The McGregor cheek flap is marked. 

FIGURE 18-71  The defect is closed. Flaps are transposed, and the 
skin is closed. 
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FIGURE 18-72  Four months after a McGregor cheek flap. 

flap is unusual. If it occurs, wait to see how much of the flap 
survives, and then reconstruct the defect that remains if 
necessary.

Transposed Cheek Flap
Technique Large lower lid defects that extend to the lateral 
canthus can be reconstructed with a transposed flap based 
near the outer canthus and extending down into the cheek 
(Fig. 18-77). Take care to design the flap with sufficient length 
and width to fill the defect. It must be lined, usually with oral 
mucosa. To close the secondary defect, undermine the edges 
of the wound.

Complications Cheek skin is thicker than eyelid skin, and 
the reconstruction may be rather bulky. Later debulking is 
possible if necessary. Necrosis of the tip of the flap is unusual. 
If it occurs, wait to see how much of the flap survives, and 
then reconstruct the defect that remains if necessary.

Posterior flap with an Anterior Graft
If the posterior layer is reconstructed with a flap of tarsus and 
conjunctiva with its blood supply intact (i.e., Hughes proce-
dure), a skin graft typically is used to fill the anterior defect, 
although a flap may be used.

Hughes Procedure
Technique The Hughes procedure is a two-stage technique 
to reconstruct full-thickness defects in the lower eyelid (Fig. 
18-78). A broad strip of upper tarsal plate on a pedicle of 

FIGURE 18-73  A and B, Principle of a nasojugal flap. 

A B

FIGURE 18-74  For a nasojugal flap, the posterior lamella is recon-
structed with a tarsal plate graft.  FIGURE 18-75  Nasojugal flap at the end of the operation. 

3. Close the cheek wound first. Transpose the flap into the 
defect, and trim it to fit. Close the skin with interrupted 
6-0 sutures (Fig. 18-75).

4. Close the lid margin with a continuous 6-0 suture, which 
unites the skin and the mucosa of the posterior lamellar 
reconstruction.

Complications Nasojugal skin is thicker than eyelid skin, 
and the reconstruction may be rather bulky. Later debulking 
is possible if necessary (Fig. 18-76). Necrosis of the tip of the 
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conjunctiva is used to reconstruct the posterior lamella of the 
lid. It may be covered with a skin graft or flap. The pedicle is 
divided after a few weeks. The use of the Hughes flap is 
restricted to relatively shallow lower lid defects that do not 
extend much beyond the inferior border of the tarsal plate.

1. Insert a stay suture of 4-0 silk through the tarsal plate close 
to the lid margin, and evert the lid over a Desmarres 
retractor. Mark a line 4 mm from and parallel to the lid 
margin. Mark on this line the horizontal length of tarsal 
plate required. From these marks, draw vertical lines to the 
superior tarsal border to delineate the flap. Incise the tarsal 
plate through its full thickness along the marks. Raise the 
flap of tarsus by dissection in the pretarsal space as far as 
the superior border of the tarsal plate (Fig. 18-79).

FIGURE 18-76  Nasojugal flap 6 months after surgery. 

FIGURE 18-77  A and B, Principle of a transposed cheek flap. 

A B

FIGURE 18-78  A, Principle of a Hughes recon-
struction of a  central  lower  lid defect. B,  Posterior 
lamella is reconstructed with a flap of tarsoconjunc-
tiva from the upper lid. C, Anterior lamella is recon-
structed with a full-thickness skin graft. 

A B C

FIGURE 18-79  A, Large lower lid defect. B, Tarsoconjunctival flap is cut for reconstruction of the 
posterior lamella. 

A B
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Closure with flaps for Both Lamellae
Both anterior and posterior lamellae may be reconstructed 
with flaps (i.e., a tarso-conjunctival flap posteriorly and a local 
skin flap anteriorly.) Composite flaps (e.g., Cutler-Beard 
bridge flap), which include all layers of the lower lid inferior 
to the tarsal plate, are useful for larger central upper lid defects.

Cutler-Beard Bridge Flap
Technique The Cutler-Beard bridge flap is a two-stage tech-
nique for reconstruction of large, full-thickness defects in the 
upper lid (Fig. 18-83).

1. Draw a horizontal line 5 mm inferior and parallel to the 
lash line of the lower lid. On this line, mark the width  
of flap required to fill the defect in the upper lid, and  
draw two vertical lines as far as the inferior orbital rim 
(Fig. 18-84).

2. Incise along the lines. Perforate the full thickness of the lid 
at the corners of the flap, and with a pair of scissors 
inserted between the stab incisions, complete the horizon-
tal full-thickness incision. Extend this inferiorly along the 
vertical lines to the inferior conjunctival fornix to create 
an inverted U-shaped flap. Pull the flap up posterior to the 
lower lid margin (Fig. 18-85).

3. Suture it into the upper lid defect in three layers, including 
conjunctiva to conjunctiva and orbicularis muscle of the 
lower lid to the levator aponeurosis and orbicularis  
muscle of the upper lid, with interrupted, 6-0, absorbable 
sutures. Then close skin to skin with interrupted, 6-0,  
nonabsorbable sutures. Remove the sutures after 5 days 
(Fig. 18-86).

4. After 6 weeks, estimate whether the flap has stretched 
enough to reduce the tension. If it is still tight, leave it in 
place for another 3 weeks. If it has stretched and feels less 
tight, divide the bridge to restore the upper lid margin. To 
do this, pass a squint hook posterior to the flap, and care-
fully incise the layers of the flap, making the initial incision 
convex downward to allow for retraction. Leave an excess 
of conjunctiva (Fig. 18-87).

5. Suture the conjunctiva to skin over the new lid margin 
with a continuous, 6-0, monofilament suture. Remove this 
on day 5. Replace the pedicle of the bridge into the lower 

2. Suture the flap into the defect with 6-0 catgut sutures. 
Begin by suturing the ends of the superior border of the 
upper tarsal plate to the lower lid margins at the edges of 
the defect. Suture the remaining edges of the tarsus to the 
conjunctiva (Fig. 18-80).

3. Reconstruct the anterior lamella with a full-thickness skin 
graft or a local flap of skin and muscle (Fig. 18-81).

4. After about 3 weeks, divide the pedicle 2 to 3 mm superior 
to the tarsal plate and the skin graft (Fig. 18-82). Suture 
the free edge of the conjunctiva to the skin with a continu-
ous, 6-0, monofilament suture. Remove this suture at 5 
days. The upper lid retractors are advanced by the proce-
dure and must be recessed to prevent upper lid retraction. 
To do this, dissect between the conjunctiva and the retrac-
tors until the lid is at a satisfactory level. Allow the proxi-
mal conjunctiva to retract. A downward traction suture on 
the upper lid may be needed for 24 hours.

Complications Retraction of the upper lid may follow 
the second stage if the upper lid tissues have not been  
freed sufficiently. Dissect further between the conjunctiva 
and the upper lid retractors until the lid is at the correct  
level.

FIGURE 18-80  The tarsoconjunctival flap is sutured into the defect. 

FIGURE 18-81  Skin graft from an upper lid. 

FIGURE 18-82  Three  months  after  division  of  the  bridge  of 
conjunctiva. 
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to heal, and excise the notches if necessary. Skin hairs may 
cause irritation, and they can be treated with cryotherapy.

Reconstruction of full-Thickness  
Periocular Defects
Small defects can be closed directly or with small, local skin 
flaps. It is important to avoid vertical tension in the upper or 
lower lids. It is better to allow a scar to cross the relaxed skin 

lid defect, and repair it in layers to avoid a fistula through 
the lid (Fig. 18-88).

Complications The reconstructed upper lid margin is rela-
tively unstable and may develop entropion. If this occurs, a 
graft of donor sclera or ear cartilage may need to be inserted 
between the lamellae of the reconstructed lid. The margin 
may be irregular at the edges of the bridge flap. Allow the lid 

FIGURE 18-83  A, Principle of a Cutler-Beard reconstruction of an upper lid defect. B, A full-thickness 
flap from the lower lid is sutured into the defect. C, The bridge is divided after 6 weeks. 

A B C

FIGURE 18-84  Defect  in  the  upper  lid.  The  Cutler-Beard  bridge 
flap is marked. 

FIGURE 18-85  The flap is cut and placed into the defect. 

FIGURE 18-86  The flap is sutured into the defect in layers. 

FIGURE 18-87  The bridge is divided at 6 weeks. 
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with minimal tension. Close the forehead in two layers to 
just above the brows.

3. Trim the excess tissue from the glabellar flap. Suture the 
flap into the canthal defect with 6-0 absorbable sutures to 
the subcutaneous tissues and 6-0 nonabsorbable sutures to 
the skin. Complete the closure of the forehead (Fig. 18-91). 
Remove all skin sutures after 1 week (Fig. 18-92).

Complications A fold or dog ear commonly occurs on the 
bridge of the nose, especially if the defect is large. Leave it for 

tension lines than to close with vertical tension. Larger defects 
require a local flap or skin graft.

Medial Canthus Reconstruction
A medial canthal defect that cannot easily be closed directly 
is usually reconstructed with a skin flap, such as a glabellar 
flap, if it is mainly above the medial canthal tendon and espe-
cially if it is relatively deep, or with a skin graft below the 
medial canthal tendon. A deep defect below the canthal 
tendon also may be closed with a local flap. Vertical tension 
spanning the tissues above and below the canthus and within 
8 mm medial to the canthus has a tendency to form a web. It 
is then preferable to use a small skin graft.

In reconstruction of the medial canthus, it is important to 
perform lacrimal drainage system repair first, reconstruct the 
medial canthal tendon, and then remedy the overlying soft 
tissue defect.

Technique A full-thickness skin graft may be used for super-
ficial defects at the inner canthus (Fig. 18-89). If the defect is 
deep, a glabellar flap is preferred, and it does not require a 
posterior lamellar reconstruction. An inverted V is created in 
the glabellar region and converted to a Y to allow the flap to 
be transferred to the inner canthus. If the defect is small, the 
flap is used as a sliding flap, and the excess is trimmed off. If 
the defect is large, the flap may be used as a transposed flap 
with little trimming necessary. If the defect extends into the 
upper or lower eyelid, supplementary procedures may be 
needed to reconstruct the residual lid defect.

1. Mark an inverted V, centered in the midline of the fore-
head. One limb of the V is drawn to the lateral border of 
the canthal defect; the other is drawn to the medial end of 
the opposite brow (Fig. 18-90). Undermine the flap, dis-
secting in the layer of subcutaneous fat. Extend the dissec-
tion beyond the boundaries of the flap to allow it to be 
placed without tension into the canthal defect.

2. After the position is satisfactory, insert one or two 4-0 
nonabsorbable sutures between the deep surface of the flap 
and the tissues of the canthus to anchor the flap. Under-
mine either side of the forehead defect to allow closure 

FIGURE 18-88  Six months after  left upper  lid reconstruction with 
a Cutler-Beard flap. 

FIGURE 18-89  A to C, Principle of a glabellar flap. A V-shaped 
flap in the glabella is converted to a Y to allow the flap to slide into 
a medial canthal defect. 

A

B

C

FIGURE 18-90  The glabellar flap is marked. 
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6 weeks, and then trim it if necessary. Poor application of the 
flap to the hollow at the inner canthus and the appearance of 
telecanthus can be avoided by careful placement and suturing 
of the flap at operation.

Larger Upper or Lower Lid Defects Extending 
into the Medial Canthus
Occasionally, an upper or lower lid defect extends into the 
inner canthal area, and a more complex combination of 
reconstructive techniques is needed. In the canthus, a glabel-
lar flap is usually a good choice for deeper defects that are 

FIGURE 18-91  The glabellar flap is sutured into the defect.  FIGURE 18-92  One year after  repair of a  large medial  canthal 
defect with a glabellar flap. 

A

C

B

FIGURE 18-93  A,  Large  upper  lid  and  medial  canthal  defect. 
B, Reconstruction was achieved with a combined glabellar flap and 
Cutler-Beard flap. C, One year after surgery. 

mainly superior to the medial canthal tendon; other local 
flaps are used for deep defects below the medial canthal 
tendon. Skin grafts are appropriate for shallow defects. The 
residual defect in the lid is closed with one of the techniques 
described in “Reconstruction of Full-Thickness Defects of the 
Eyelids” (Figs. 18-93 and 18-94).

Medial and Lateral Support
A reconstructed lid must have adequate medial and lateral 
support to prevent the lid drooping. This is especially impor-
tant in the lower lid. A defect that includes the medial or 
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Lateral Canthus
After correcting any disruption of the lateral canthal tendon, 
defects of the lateral canthus are closed directly, if small, or 
with a local flap.

Cheek or Temple
Assess facial nerve function. Close small defects directly, 
avoiding vertical tension, especially in the lower lid. Local 
flaps are used to close larger defects. The O-Z plasty is par-
ticularly useful in these areas. Alternatively, a full-thickness 
skin graft may be needed.

lateral canthal tendon must be reconstructed in such a way 
that the support is restored. Medially, the tissues of the recon-
structed lid should be attached to the posterior lacrimal crest; 
this ensures that the lid is pulled posteriorly and medially and 
that it is well applied to the globe.

Laterally, there should be an attachment in the region of 
Whitnall’s tubercle directly to the periosteum or with a peri-
osteal flap or with a wire. If the lid droops despite all attempts 
to support it, a sling of autogenous fascia lata may be needed. 
This is attached to the medial canthal tendon, and after tra-
versing the lid close to the lid margin, it is passed through 
holes in the lateral orbital rim (Fig. 18-95).

FIGURE 18-95  A, Lax lower lid after multiple reconstructions. B, Support is provided with a sling 
of autogenous fascia lata. 

A B

A

C

B

FIGURE 18-94  A,  Large  lower  lid  and  medial  canthal  defect. 
B, Reconstruction was achieved with a glabellar flap and a Hughes 
flap. C, Three months after surgery. 
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LATE REPAIR Of EYELID AND  
LACRIMAL TRAUMA

If the initial repair of an eyelid injury is unsatisfactory but the 
eye is adequately protected, revision can be deferred for 6 
months to allow the scars to mature. In planning a revision, 
ophthalmic plastic surgeons usually collaborate with maxil-
lofacial colleagues in case revision of the fractures is required 
at the same time. It is easier to make appropriate adjustments 
if the initial repair is anatomically correct. If it is not, the 
tissues should be dissected to reconstruct the injury and 
display the anatomy. The lid is then reconstructed and the 
appropriate adjustment made.

LIDS

Common late deformities of the lids include cicatricial ectro-
pion or entropion, lid retraction, distortion or notching of the 
lid margins, and ptosis.

Cicatricial ectropion is caused by a shortage of skin in the 
lower lid. If it is caused by a contracted linear scar, it is cor-
rected with a Z-plasty. If there is a more diffuse shortage of 
scarred skin, a full-thickness skin graft is used.

Cicatricial entropion is caused by shortening of the poste-
rior lining lamella of the lid. Choice of the appropriate opera-
tion for the degree of scarring is important, and the surgery 
can be difficult. In the lower lid, entropion is corrected by 
fracturing the tarsal plate and inserting everting sutures or by 
inserting a graft of oral mucosa to release the contraction. In 
the upper lid, the operation used depends on the degree of 
scarring and amount of associated upper lid retraction. The 
principle is that the anterior lamella of the lid is moved up in 
relation to the posterior lamella, everting the lid margin. In 
more severe scarring, it may be necessary to divide the tarsal 
plate to evert the scarred lid margin.

Retraction of the upper or lower lid is usually caused by 
shortening of the upper or lower lid retractors, possibly com-
bined with scarring in the anterior or posterior lamella. The 
retracted lid is explored and the retractors released. The oper-
ation can be difficult. If it is necessary to release the anterior 
or posterior lamella at the same time to achieve a satisfactory 
lid position, the defect is reconstructed as outlined for cica-
tricial ectropion and entropion.

Notching and distortion of the lid margin are usually 
caused by inaccurate initial closure (see Fig. 18-47). It is 
usually easiest to excise the initial repair scar and close the 
lid margin accurately.

Ptosis may result from trauma to the levator apparatus or 
adhesion within the lid between the upper lid retractors and 
adjacent structures, such as the orbital rim periosteum. Brain 
injury can result in bilateral ptosis with reduced levator func-
tion (Fig. 18-96). Ptosis is assessed as previously described by 
measuring the degree of ptosis (i.e., margin reflex distance), 
the function in the levator muscle, and the adequacy of eye 
movements.

The surgery can be complex and the anatomy difficult in 
severe lid injuries (Fig. 18-97). The upper lid is explored 
through a skin crease incision and the anatomy displayed. 
Adhesions are divided. The preaponeurotic fat can conve-
niently be used to provide a barrier to prevent readhesion of 
the tissues. If the levator function is good, the levator 

FIGURE 18-96  Bilateral  ptosis  with  poor  levator  function  after 
severe head injury. 

FIGURE 18-97  A  and  B,  Severe  injury  to  the  right  orbit  with 
complex ptosis. 

A

B

aponeurosis is shortened and advanced to the tarsal plate to 
correct the ptosis (Fig. 18-98). If the levator function is poor 
despite the division of any adhesions, it may be necessary to 
consider a brow suspension procedure. Care is needed to 
avoid corneal exposure postoperatively.

MEDIAL CANTHUS

Persistent telecanthus requires reattachment of the medial 
canthal tendon to the posterior lacrimal crest or adjustment 
to a unilateral or transnasal wire if it was inserted during the 
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with retropunctal cautery if slight or with the excision of a 
diamond of tarsoconjunctiva inferior to the punctum  
and closure with 7-0 absorbable sutures. More severe  
degrees of eversion may be associated with shortage  
of skin or an ectropion and require a full-thickness skin  
graft.

Blockage in the canaliculi is difficult to treat. If a block is 
found in both canaliculi within 8 mm of the puncta, it is not 
possible to reconstruct the connection with the lacrimal sac. 
A Lester Jones bypass tube is indicated if watering is 
significant.

Distal block in both canaliculi more than 8 mm from the 
puncta can be reconstructed by excision of the scarred cana-
liculi and anastomosis of the patent proximal canaliculi 
directly to the lacrimal sac. Usually, a dacryocystorhinostomy 
is also performed. This canaliculodacryocystorhinostomy is 
not always functional, even if the system is patent on 
syringing.

Scarring at the distal end of the common canaliculus at its 
entry into the lacrimal sac can be excised. A dacryocystorhi-
nostomy is performed, and silicone tubes are inserted for 3 
months. If the lacrimal sac and adjacent tissues are disrupted, 

original operation. Webbing of the skin at the medial canthus 
should be corrected with a Z-plasty or possibly a skin graft 
(Fig. 18-99). If the canthus has been displaced vertically, a 
Z-plasty may be required to correct the position (Fig. 18-100). 
Care should be taken to preserve the lacrimal drainage appa-
ratus if it is patent and functioning. It is better to leave the 
medial canthus with slight distortion than risk damage to the 
lacrimal apparatus.

LATERAL CANTHUS

Displacement with rounding of the canthus requires reestab-
lishment of the attachment to the region of Whitnall’s tuber-
cle with a periosteal flap or a wire. Displacement of the 
canthus in a vertical direction may require a Z-plasty to 
correct the position.

LACRIMAL DRAINAGE SYSTEM

Narrowing of the punctum can be improved with a “one- 
snip” procedure that opens the vertical 2 mm of proximal 
canaliculus. Eversion of the punctum can be corrected  

FIGURE 18-98  A, Simple traumatic ptosis with moderate levator function. B, Correction is achieved 
with a skin approach to levator resection. 

A B

FIGURE 18-99  A and B, Web at the inner canthus is corrected with a Z-plasty. 

A B
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FIGURE 18-100  A, Severe midface trauma with loss of both eyes. Z-plasty (B) and transnasal wire 
(C) placement to correct the position of the medial canthi. D, Result, with artificial eyes. 

A B

C D

it may not be possible to reestablish patent drainage. A Lester 
Jones bypass tube is then required.
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Barry L. Eppley

The complex and specialized anatomical regions of the 
face merit consideration because they have significant 
influence on facial appearance. The need for many 

secondary soft tissue procedures in these areas can be obvi-
ated by skillful primary surgery.1 In this chapter, special atten-
tion is given to injuries of the scalp, forehead, brow, eyelid, 
nose, lips, ear, and important deeper structures such as the 
facial nerve, the lacrimal gland, and the parotid duct.

Initial care of soft tissue injuries should be undertaken as 
described in Chapter 6, and the following discussion assumes 
that these principles have been followed:

• Primary Advanced Trauma Life Support (ATLS) care
• Control of hemorrhage
• Early intervention for soft tissue injuries
• Careful evaluation of damage to nerves, ducts, and blood 

vessels
• Careful evaluation of any ocular injuries
• Identification of foreign bodies
• Clinical and radiological examinations to exclude bone 

fractures

SCALP AND fOREHEAD

The scalp, with its well-defined five layers, represents a single 
anatomical unit that, including the forehead, extends from 
the supraorbital margins anteriorly to the superior nuchal 
line posteriorly. The musculoaponeurotic galea provides a 
source of vascular perforators to the skin, and its fibrous 
composition makes it a good anchor for deep sutures. The 
galea is readily mobilized, facilitating wound closure and the 
development of local flaps. The subgaleal fascia is the plane 
in which scalp avulsions almost exclusively occur (Fig. 19-1).

Scalp injuries, particularly avulsions, often bleed profusely, 
and patients presenting with hemorrhagic shock require 
aggressive fluid resuscitation and blood replacement. Blood 
loss can be minimized with the application of pressure dress-
ings or ligation of the galeal vessels and temporary suturing or 
stapling of the wounds. The vigorous blood supply of the scalp 
enhances the viability of tissue fragments that would not 
survive elsewhere. Near-complete avulsions of scalp segments 
may survive on small bridges of tissue or even as isolated 
islands. Only obviously devitalized tissue should be débrided. 
Scalp tissue that appears to have even a tenuous blood supply 

should be given the benefit of the doubt and retained, because 
the hair that it contains is a valuable resource. Any nonviable 
tissue can be readily removed and usually is not a source of 
infection. The robust blood supply serves as an adjunct in the 
prevention of infection. Scalp infections are uncommon even 
in contaminated wounds, and the resistance to infection 
makes it unnecessary to clip or shave hair from wound edges, 
unless doing so aids the alignment of the tissues.

Primary closure is the method of choice when there is no 
significant tissue loss (<3 cm). The wound edges tend to con-
tract, and what initially appears to be a large defect may be 
relatively easily closed with subgaleal undermining (Fig. 
19-2). Wounds on the vertex of the scalp are usually more 
difficult to close because of the decreased tissue mobility in 
that region. Scoring of the galea on its deep surface is a well-
described procedure to facilitate closure. It consists of trans-
verse incisions made perpendicular to the axis of advancement. 
Care should be taken not to damage the more superficial 
subcutaneous vessels.

A layered primary closure is carried out if the galea has 
been lacerated. The galea adheres tightly to the overlying skin, 
and its approximation facilitates skin closure. Failure to repair 
this layer may result in cosmetic deformity, ranging from a 
depressed scar to asymmetrical brow contraction. Closure of 
the galea also prevents the spread of wound contaminants to 
the intracranial cavity through the emissary veins, which 
connect the skin to the venous sinuses. Satisfactory galeal 
closure prevents the development of most potential problems, 
including osteomyelitis and meningitis. The galea is approxi-
mated with interrupted, 2-0 or 3-0, slowly resorbable sutures.

Because a noticeable scalp scar is determined primarily by 
the presence of alopecia, great care should be paid to follicu-
lar viability. Dermal sutures are used sparingly, or not at all, 
to reduce the possibility of hair follicular damage. Restoring 
the continuity of the galea obviates the need in most cases for 
dermal sutures, relieving tension on the skin sutures so they 
may be removed early. Closure of the skin is carried out using 
non-interlocking, continuous sutures of 3-0 nylon or Prolene 
in adults and 4-0 sutures in children (Fig. 19-3). Metallic 
staples may also be used, but their removal is painful.

SPLIT-THICKNESS SKIN GRAfTING

Placement of a split-thickness skin graft is the treatment of 
choice for most larger scalp defects that are not amenable to 
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dressing until the placement of an autograft is considered 
appropriate.

The lack of a pericranium obviates the success of a skin 
graft. In the absence of a pericranium, the outer table of the 
cranium typically is removed, exposing the well-vascularized 
diploë, which is an excellent bed for grafting. This can be 
done by burring away the outer table or drilling multiple 
holes through the outer table; either method allows granula-
tion tissue to cover the exposed bone. After about 3 weeks, 
there should be a satisfactory covering of healthy granulation 
tissue on which the graft can be placed. Although this is an 
effective method to achieve epithelial coverage, it does require 
a considerable delay between bone removal and placement of 
the graft, and it is likely to leave a poorly contoured defect.

fLAPS

Unless there are contraindications, a flap procedure provides 
a more expedient solution than grafting or removal of the 

primary closure. The pericranium must be intact, because 
grafts cannot succeed on denuded bone. Split-thickness  
skin grafts provide a rapid and reliable method for wound 
coverage in the acute setting (Fig. 19-4). The 0.14- to 
0.20-inch-thick grafts are harvested with a dermatome, 
usually from the lateral thigh. They can be placed as sheet 
grafts if encroaching on the forehead, but they typically are 
meshed in a 1.5 : 1 ratio and placed with minimal expansion. 
Meshing the graft has two purposes: It engrafts better without 
bolstering by allowing fluid egress, and it results in greater 
wound contracture, which is subsequently beneficial. Because 
scalp skin grafts are ultimately esthetically undesirable due to 
contour depression and alopecia, they are usually serially 
excised about 6 months after placement. Because split-
thickness skin grafts contract by 20% to 40%, the reduction 
in size of the defect aids secondary excision and closure. In 
grossly contaminated wounds and those in which the viability 
of the pericranium is questionable, a homograft (cadaveric) 
or xenograft (porcine) may be used as a temporary biological 

FIGURE 19-1  A, The five layers of the scalp include the skin (S), subcutaneous tissue (C), subgaleal 
aponeurosis (A), loose subepicranial space (L), and pericranium (P). B, Scalp avulsions commonly occur 
in the subgaleal plane. 

Skin (S)

Subcutaneous layer (C)

Loose subepicranial
space (L)
Pericranium (P)

Cranium

Subgaleal aponeurosis (A)
A B

FIGURE 19-2  Extensive  scalp  lacerations with degloving  in a 4-year-old  (unrestrained passenger) 
who  was  involved  in  a  motor  vehicle  accident.  A,  Intraoperative  view.  B,  View  7  days 
postoperatively. 

A B
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Use of free Tissue Transfer
The transfer of free, vascularized flaps is a long and poten-
tially demanding procedure, and the timing must be consid-
ered with care. It is not a procedure to start late at night with 
tired or inexperienced surgeons and anesthetists; it should be 

outer bone plate. A locally based pericranial flap is used if the 
defect is small, or a free tissue transfer is employed for larger 
defects. Pericranial flaps enable the transfer of a thin, vascu-
larized cover onto which a skin graft can be placed. Although 
originally thought to be random in nature, much of the blood 
supply of flaps is derived from the overlying subgaleal fascia, 
which usually is elevated with the flap. To be effective and 
reliable, the pericranial flap should be centered on a major 
vascular territory with minimal dissection close to the pedicle 
(Fig. 19-5). The blood supply is extremely sensitive, and post-
operative graft dressings should be very lightly applied.

Use of Local flaps
Flaps using local scalp tissue are appropriate for relatively 
small, partial- or full-thickness defects (3-5 cm wide). Local 
flaps permit closure of the defect with hair-bearing skin of 
similar thickness. Their use is appropriate for the cover of 
clean, sharply defined lacerations when surrounding tissue 
viability is not compromised. Many traumatic scalp wounds 
are the result of crush or avulsion injuries in which adjacent 
tissue damage is inevitable. Flap elevation may further com-
promise an already tenuous blood supply, and local flaps that 
must be raised and rotated have only limited use in these 
circumstances (Fig. 19-6).

FIGURE 19-3  Scalp skin closure can be done expeditiously with 
a running suture or staples. 

FIGURE 19-4  Split-thickness skin grafting on the scalp. A, Partial 
scalp avulsion in a 3-year-old boy due to a dog bite with the underly-
ing pericranium  intact. B,  Ten days after  split-thickness  skin grafting 
with approximately 90%  success. A  small,  central  eschar  represents 
the only area of unsuccessful grafting, which will heal secondarily. 

A

B
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relatively long pedicle, and ease of harvest (Fig. 19-7). Other 
options include the rectus abdominis muscle, scapular or 
parascapular flaps, and the omental fat flap.2 Most of these 
options require a simultaneously placed split-thickness skin 
graft for outer coverage of the flap.

REPLANTATION

Microsurgical scalp replantation is the treatment of choice for 
total or near-total scalp avulsion. These uncommon injuries 
have a classic presentation and are usually caused by entan-
glement of long hair in rotating machinery. Separation occurs 
in the subgaleal, loose areolar plane at the peripheral margins 
of the scalp, where the galea is less resistant to applied force. 
Partial-avulsion injuries are rare, and the scalp and forehead 
typically are removed as a single anatomical unit (Fig. 19-8). 
The upper eyelids and portions of the ears may be included 
in the avulsed segment because of the intimate relationship 
between the muscular segments of the galea and these 
structures.3

Microsurgical replantation, if successful, is esthetically 
and functionally superior to any other method of wound 
closure or coverage. It restores normal hair growth in uns-
carred areas, and a large amount of the avulsed segment, such 
as eyelids and ears, can be expected to survive (see Fig. 

FIGURE 19-5  Pericranial flaps usually must have a defined vessel 
to ensure viability. A frontal pericranial flap based on the supraorbital-
supratrochlear vessels is one option. 

FIGURE 19-6  Coverage of avulsed scalp defects with rotational flaps. A, Débrided scalp avulsion 
defect  from dog bite  in 4-year-old boy. B, Rotational flap coverage, with  the wake of  the flap  to be 
covered with a skin graft. The flap was needed because of the exposed bone underneath the avulsion. 
C, Small occipital scalp defect seen 8 days after avulsive injury from a rollover motor vehicle accident 
in 21-year-old woman. D, Coverage of exposed bone with a scalp transpositional flap. 

A

C D

B

a planned, semi-elective procedure. Wet-dry dressings may 
be applied to large, denuded defects until free, vascularized 
tissue transfer can be arranged. Flaps should be muscular for 
bulk and should have maximal vascularity. The flap of choice 
usually is the latissimus dorsi because of its large surface area, 
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outflow. If no suitable veins are available, venous outflow can 
be achieved by anastomosis of a scalp artery directly to a 
recipient vein. The use of medicinal leeches is an option, but 
a large scalp replant requires four to six leeches concurrently, 
and the patient needs extensive transfusions until venous 
outflow is reestablished. Most established scalp replants 
require secondary revision of the scars, eyelids, ears, and any 
large remaining areas of alopecia.5 If it is not possible to 
replant the scalp, coverage may be obtained using one of the 
methods previously described (Fig. 19-9).

If avulsion occurs in the forehead region, primary closure 
can be a problem because of the difficulty in recruiting local 
tissue to cover the defect. Extensive mobilization and release 
of the galea can help, but only for closure of defects of several 
centimeters. Reduction of the width of the forehead causes 
problems with medial or superior eyebrow transposition and 
frontal hairline disturbances, neither of which is easy to 
restore secondarily without recreating the original defect. 
Initial repair is usually best managed by coverage with a split- 
or full-thickness skin graft. If the avulsion is only of partial 
thickness, with preservation of some or all of the frontalis 
muscle, a full-thickness graft or unmeshed, thick, split-
thickness graft may produce a reasonable result without sig-
nificant contour deformity (Fig. 19-10A and B). If only 
pericranium is left, a split-thickness skin graft produces a 
healed but depressed wound that will require secondary 
reconstruction through tissue expansion or local flaps, or 
both (see Fig. 19-10C and D).

The eyebrow is the most valuable esthetic structure of the 
forehead. Preservation of hair-bearing skin and accurate 
realignment of the eyebrow unit is essential (Fig. 19-11). 
Eyebrow hair should not be shaved because it may not fully 
regrow, and the likelihood of secondary eyebrow deformities 
is increased even if it does regrow. After a portion of the 
eyebrow is lost, the remaining portion should be put back 
together along its preinjury arc, even if this creates a larger 
forehead defect. Closure of the wound with the eyebrow 
canted up or down can make secondary reconstruction more 
difficult, although a Z-plasty often can provide an effective 
solution. Significant eyebrow loss ultimately requires free 
scalp grafts or micrograft hair transplants for reconstruction 
(see Figs. 19-10D and 19-11D).

EYELIDS

In the management of eyelid injury, associated trauma to the 
underlying globe must be excluded. If the cornea has been 
exposed, care should be taken that the cornea remains moist 
by regular saline irrigation or placement of a saline-soaked 
dressing. At the time of repair, it is good practice to protect 
the cornea with a soft lens or shield. If injury is not seen or 
suspected, an ophthalmologist’s opinion is not immediately 
necessary, and visual acuity can be assessed by simple tests. 
If an injury is suspected, an expert evaluation is mandatory. 
A common error is to miss a foreign body. Lifting the lids 
away and carefully inspecting the depths of the fornices is a 
simple but important procedure. Corneal abrasions are 
common in facial trauma, and pain and irritation of the 
injured eye are typical findings. Definitive diagnosis requires 
ophthalmological assessment with fluorescein dye and slit-
lamp examination.

19-8C). Provided that the avulsed segment is not severely 
crushed and mutilated and the period of warm ischemia was 
not greater than 12 hours, every effort should be made for 
replantation.4

Successful replantation depends on emergency access to 
the operating room, finding suitable recipient vessels in the 
surrounding temporal scalp or neck (which is always possi-
ble), and finding suitable vessels in the avulsed segment 
(which is not always possible). Vein grafts may be needed to 
move the microvascular repair out of the zone of injury and 
reduce tension along the vessels and across the anastomoses. 
Although the scalp can survive with only one arterial anasto-
mosis, it is preferable to identify at least two vessels suitable 
for repair. It is possible (although rare) to identify and repair 
bilateral superficial temporal and occipital arteries. Because 
venous congestion is the predominant cause of most postop-
erative flap failures, it is essential to ensure adequate venous 

FIGURE 19-7  Coverage of a large scalp wound with a free latis-
simus muscle  flap  covered with  a  skin  graft. A,  Intraoperative  view 
with  the  free  muscular  flap  sewn  into  the  defect.  The  microvascular 
anastomoses  are  in  the  right  neck,  and  the  muscle  is  covered  with 
unmeshed, split-thickness skin grafts. B, View 6 months postoperatively 
of the healed flap and no contour deformity. 
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B
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conjunctiva; and 6-0 or 7-0 nylon or Prolene for the skin (see 
Fig. 19-12B and C). Approximating the tarsus and the ciliary 
margin are the crucial steps provided there is no significant 
tissue loss.5 For partial-thickness injuries with skin loss, full-
thickness skin grafts from the avulsed segment (if available) 
or from the opposite upper eyelid or postauricular area can 
be used. For small, full-thickness defects involving less than 
one third of the lid, primary closure can be carried out. Many 
defects involving up to one half of the lid can be primarily 
closed with release of the lateral canthus (Fig. 19-13). Defects 
larger than one half of the lid require a cheek advancement 
(i.e., Mustarde rotation flap) or an upper lid switch procedure. 
Use of these more extensive flap procedures, which are often 
only one-time use techniques, is not advised in the acute 
trauma setting. In some cases with more superficial loss, a 
full-thickness graft from the other upper eyelid is desirable.

LACRIMAL APPARATUS

Any injury to the medial aspect of the eyelids, particularly the 
lower lid, may involve the lacrimal system (Fig. 19-14). 
Inspection and cannulation of the punctum with probes can 
confirm the injury (see Fig. 19-14A to C). Repair is usually 
carried out by loop intubation with the puncta initially 

With appropriate treatment, healing is usually rapid and 
uncomplicated. In rare cases, devastating infection can occur 
with Pseudomonas, which warrants an immediate ophthal-
mological intervention.

For practical purposes, the eyelid has two layers: an inner 
layer comprising the tarsal plate and conjunctiva and an outer 
layer of skin and orbicularis muscle (Fig. 19-12A). Apposition 
of skin, muscle, and tarsal plate is important, because con-
junctival lacerations frequently heal adequately on their own. 
Lacerations in the upper eyelid may disrupt the levator apo-
neurosis and, if not properly repaired, result in postoperative 
downward positioning of the upper eyelid (i.e., ptosis). 
Downward positioning of the lower eyelid (i.e., ectropion) is 
usually the result of lacerations that run perpendicular to the 
lid margin; it is caused by poor anatomical realignment, 
tissue loss, or canthal disruption.

Full-thickness eyelid lacerations should have the lid 
margin approximated first by lining up the gray line (i.e., 
squamous-mucosal junction) or the meibomian gland ori-
fices with 7-0 Vicryl suture, with the tail of the suture left long 
so it can be sewn down by the adjacent sutures. The remain-
der of the laceration is repaired in layers with 6-0 Vicryl for 
the tarsus and muscle; 6-0 plain or chromic gut, with the 
knots inverted to prevent corneal irritation, for the 

FIGURE 19-8  Microsurgical scalp replantation. A, A 33-year-old man sustained a complete scalp 
avulsion when his hair became entangled  in machinery. B and C, Total scalp avulsion,  including  the 
ears and eyebrows. D, Successful  scalp  replantation with  survival of  the eyebrows and most of both 
ears. (Courtesy of A. Michael Sadove, MD, Indianapolis, In.)
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FIGURE 19-9  Total scalp avulsion covered with skin grafts. A, A 
28-year-old  woman  had  complete  scalp  avulsion  after  her  hair 
became  entangled  in  machinery.  B,  Avulsed  scalp  segment. 
C, Because the scalp was not replantable due to poor vessel quality, 
immediate coverage was achieved with meshed and unmeshed (fore-
head and upper eyelid), split-thickness skin grafts. D, Almost 100% 
of the graft was successful 3 weeks after the initial surgery. 
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CANTHAL LIGAMENTS

Disruption of the canthal ligaments is uncommon, but an 
attempt should be made to reattach disrupted ligaments to 
the orbital walls. Untreated, this injury produces a very ugly 
deformity. As long as a small fragment of bone remains 
attached to the ligament, the result is reasonably predictable. 
Small microplates can be used to hold the bone fragment and 
canthus in the correct position. If the canthus is completely 
free, it is difficult to restore its original position. Wires passed 
through these small canthal stumps look fine in diagrams, but 
they frequently cut through the fine tissues, especially if the 
wound is treated late and more force is needed. A useful way 

cannulated with Silastic stents that pass into and through the 
lacrimal duct into the nose, where they are tied6 (see Fig. 
19-14D and E). Repair of the canaliculi, sac, or duct can then 
be done with 9-0 nylon, but this approach is often more theo-
retical than practical. Completion of the lid repair and 
keeping the stents in place for at least 3 months often results 
in adequate tear drainage. Injury to the upper canaliculus 
alone rarely causes epiphora.

Retrograde probing is an alternative to loop intubation. 
The specialized probes are passed through the uninjured 
punctum into the common canaliculus and then into the 
proximal end of the cut canaliculus. This can be useful when 
the punctum proximal to the laceration cannot be entered.

FIGURE 19-10  Forehead avulsion with skin graft coverage. A, Because of a dog bite, a 4-year-old 
boy had avulsion of  the central  forehead  that  left  the pericranium and galea  intact. B, Three months 
postoperatively, an unmeshed, split-thickness skin graft provides coverage with minimal contour defor-
mity. C, After a motorcycle accident, a 24-year-old man had a  large forehead and eyebrow (partial) 
avulsion with only the pericranium left intact. D, The postoperative result at 1 year shows that multiple 
revisions of the forehead, eyebrow, and nose will be needed. 
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FIGURE 19-11  Realignment  of  the  eyebrow  in  forehead  lacerations  reestablishes  an  important 
esthetic landmark. A, A 4-year-old girl had an extended scalp-to-eyelid laceration due to a motor vehicle 
accident. B, Postoperative result at 6 weeks. Despite healing scars, the alignment of the eyebrow pro-
duces a good early result. C, A 31-year-old man had deep forehead lacerations and partial eyebrow 
loss after a motor  vehicle accident. D,  Proper alignment of  the eyebrow, even  if deficient, has been 
achieved and the area can be secondarily grafted without the need for additional skin surgery. 
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FIGURE 19-12  A, The eyelid consists essentially of two layers: an inner lamella of conjunctiva and 
tarsus and an outer lamella of skin and orbicularis muscle. B, Closure of the inner lamella. C, Closure 
of the outer lamella. 

Superior tarsus

Inferior tarsus
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FIGURE 19-13  Repair of an extensive lower eyelid laceration. A, Because of a chainsaw belt injury, 
a 26-year-old man had a  severe  laceration with  loss of about one fifth of  the  lower eyelid. B, Bony 
repair of the periorbital skeleton before eyelid reconstruction. C, Immediate postoperative result shows 
that a lateral canthotomy is required for lower eyelid closure. D, The 3-month postoperative result shows 
no lower eyelid notching. 
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FIGURE 19-14  Repair of lacrimal duct injuries. A, Anatomy of the nasolacrimal system. B, Medial 
laceration of  the  lower eyelid  in a 9-year-old girl was caused by a dog bite. C, Cannulation with a 
probe confirms the lacrimal transection in a different patient. D, Anterograde cannulation of nasolacrimal 
system through the upper and lower eyelid puncta with Crawford tubes. E, The tubes are kept in place 
for 3 months after  repair of  the  laceration. The Silastic  loop can be seen  in  the medial aspect of  the 
eye between the puncta. 
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lesions that penetrate the dermis, full-thickness skin grafts 
from the preauricular or postauricular area provide the best 
color match and prevent significant depression of the healed 
wound. Split-thickness grafts produce a translucent, con-
tracted appearance and should be considered only for partial-
thickness avulsions when some dermis remains. Full-thickness 
grafts should be secured with a tie-over dressing for at least 
5 to 7 days, because revascularization may not be complete 
for at least 1 week after placement. The timing of graft place-
ment may be delayed from the acute setting to allow for an 
improved recipient bed if the risk of contamination is high or 
there is exposed cartilage (Fig. 19-17). Survival of the nasal 
skin can be remarkable even with very large avulsive injuries 
attached by a narrow pedicle. As long as there is bleeding 
from the dermal edges of the cut tissue, the nasal flap should 
be replaced and can be expected to survive (Fig. 19-18).

to prevent this problem is to place a clear acrylic button 
(allowing skin necrosis to be detected) over the canthal skin 
and run the wire through the button and the ligament. With 
this method, the acanthus is “pulled” and “pushed” into posi-
tion. The wire canthopexy has to be fixed to an artificial 
anchorage, which in the medial canthal area can be provided 
by placement of a small miniplate (Fig. 19-15). In the lateral 
canthal area, a small hole placed through the lateral orbital 
wall works well. If the soft tissue injury is associated with 
underlying skeletal injury, it is common to find comminution 
of the bone, and transnasal fixation may be required.

NOSE

Lacerations to the nose are usually uncomplicated, but they 
may involve the underlying cartilaginous or bony structures, 
and unsuspected injuries may be overlooked (Fig. 19-16). The 
rich vascular supply of the nose through the septum and 
enveloping skin makes it difficult for any portion of the nose 
not to survive, providing some pedicle remains. Full-thickness 
lacerations should be closed in three layers: the mucous 
membrane (4-0 chromic), torn cartilages (5-0 or 6-0 polydiox-
anone [PDS] or clear nylon), and the overlying skin (6-0 
nylon). After the cartilaginous and bony framework is ana-
tomically aligned, the nasal skin usually approximates if there 
has been no significant tissue loss. Dermal sutures often are 
unnecessary, which is fortuitous, because the thick sebaceous 
skin with its high bacterial content is prone to suture abscesses. 
If there has been cartilaginous loss, consideration should be 
given to the placement of a primary cartilage graft to resist 
postoperative contracture and depression of the scar, although 
this technique is not frequently needed.

ABRASION OR AVULSION INJURY

Abrasion and avulsion injuries are common, and the nose is 
frequently exposed to abrasive tangential forces. Partial-
thickness avulsions are best left alone and treated topically, 
because they have a remarkable ability to heal. With deeper 

FIGURE 19-15  A metallic plate is placed on the inner orbital wall 
for medial  canthal  reattachment during orbital  repair. A 15-year-old 
girl sustained these injuries in a motor vehicle accident. 

FIGURE 19-16  Nasal laceration caused by a knife. A, A 47-year-
old man has a superficial  laceration across  the distal nose. B,  Intra-
operative evaluation of  the  laceration shows  its complete  transection 
through the alar cartilages and septum. 
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the risk. In a few instances, the amputated nose has been suc-
cessfully replanted using microvascular techniques, but this 
requires a very clean amputation of the part and a short 
period of warm ischemia.7

SEPTAL HEMATOMAS AND HEMORRHAGE

A septal hematoma usually manifests as an anterior nasal 
swelling that is obstructive and tender. Drainage should be 
performed without delay to prevent abscess formation and 
avascular necrosis of the septal cartilage. Treatment is best 
carried out using a hemitransfixion incision and mucosal 
approximation with transseptal, 4-0, plain gut sutures. Plastic 
septal stents can be used and secured with large, transseptal, 
Prolene sutures.

Most nasal bleeding stops spontaneously, but it occasion-
ally persists and requires active management. Underlying 
skeletal injury may be the cause of bleeding and should be 
suspected in such instances. If the bleeding arises from the 
anterior aspect, simple packing may suffice. If the bleeding 
arises from the posterior aspect, postnasal and anterior 
packing may be required. Several adjuncts, including balloon 

AMPUTATION INJURY

Amputation injuries are dramatic, and management depends 
on the size of the separated part. For nasal segments 2.5 cm 
long or smaller, replacement with a composite graft may be 
successful (Fig. 19-19). Complete revascularization through 
existing vascular channels may occur, and although it may 
initially appear that the segment is not viable, it may “pink 
up” 10 to 14 days later. Patience and reassurance of the patient 
are necessary before deciding that it has not survived. Sys-
temic anticoagulants do not improve the success of the com-
posite replacement, although topical vasodilators (e.g., 
nitroglycerin paste) have been helpful. If the amputated part 
is not available, consideration should be given, especially for 
small, clean defects of the nostril margin, to composite graft-
ing; the ear is a suitable donor site. Success rates vary, but this 
approach may avoid prominent disfigurement.

For larger nasal amputations, nonvascularized replanta-
tion cannot succeed, and the segment should be discarded. 
In children, the size limitation of the replanted nasal segment 
may be increased because composite grafts are more forgiving 
and the difficulty in reconstructing a growing nose justifies 

FIGURE 19-17  Reconstruction of  the nasal  tip with a  full-thickness  skin graft. A, One week after 
nasal tip avulsion caused by a dog bite in a 4-year-old boy. B, Results 1 year after secondary recon-
struction with a full-thickness skin graft and secondary cartilage grafting. 

A B
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before proceeding to closure of the mucosal or skin surface 
(Fig. 19-21). The intraoral mucous membrane is then closed 
with 4-0 chromic or plain gut. The skin is closed using 5-0 
chromic for the dermis and 6-0 nylon or Prolene for the skin. 
Ideally, the laceration should cross the vermilion border at 90 
degrees to facilitate correct alignment, but most lacerations 
do not, and removal of tissue to make this conversion is of 
uncertain merit in the acute setting.8

Management of avulsion injuries depends on the size of 
the defect. In rare cases of very little vermilion loss, the recov-
ered piece may be successfully replaced as a free composite 
graft (Fig. 19-22). Usually, however, it is best to complete a 
wedge excision, because it can be performed, with up to one 
fourth of the lip lost or removed, without any functional or 
esthetic defect other than the scar (Fig. 19-23). In larger 
defects with loss of up to 50% of the lip, primary closure can 
still be carried out, but some degree of microstomia will 
result. Postoperative lip-stretching exercises help, but the 
total circumoral surface area will be decreased. With defects 
greater than 50% of the lip, primary closure is not possible. 

catheters, are commercially available (Fig. 19-20). Occasion-
ally, operative intervention is required to establish the source 
of bleeding and tie off the regional vessels. The blood supply 
to the nasal cavity below the middle turbinate arises from the 
external carotid and that above the turbinate from the inter-
nal carotid system. Exploration of the medial orbital wall to 
identify the anterior and posterior ethmoidal arteries may be 
necessary.

LIPS

The key to successful repair of the lips is ensuring correct 
approximation and alignment of the orbicularis oris muscle 
and the vermilion border. The orbicularis muscle should be 
repaired with 4-0 or 5-0 Vicryl or Dexon, and enough sutures 
should be placed to prevent dehiscence of the muscle. If not 
properly repaired, loss of lip height, notching, and an incom-
petent sphincter may result. It is helpful at this stage to accu-
rately align the vermilion border using 5-0 nylon or Prolene 

FIGURE 19-18  A 53-year-old man  sustained a  large nasal avulsion  in a motor  vehicle accident. 
A and B, The entire nose and midfacial tissue are avulsed, remaining attached only by the upper lip. 
C, Reattachment of the pedicled nasal flap, with complete survival 1 week after the injury. 
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FIGURE 19-19  Composite nasal tip replantation. A, A 12-year-old boy sustained nasal tip avulsion 
after a dog bite. B, Avulsed nasal  tip  segment. C,  Replantation of a  composite piece. D, One year 
after surgery, much of the replanted skin survives. (Courtesy of A. Michael Sadove, MD, Indianapolis, 
In.)

A C

B D
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FIGURE 19-20  Treatment of  nasal  epistaxis 
by  silicone  catheters.  A,  A  Foley  catheter  is  a 
simple  and  effective  device  for management  of 
posterior  epistaxis.  While  inflated  posteriorly, 
Vaseline  gauze  is  packed  anteriorly.  B,  More 
sophisticated, double-balloon designs obviate the 
need for anterior gauze packing. 

A B

FIGURE 19-21  Layered  lip  anatomy  and  closure.  The  circumoral  musculature  puts  a  near-
circumferential  pull  on  lip wounds.  The  key points are muscle  reapproximation and alignment of  the 
vermilion-cutaneous junction. 

FIGURE 19-22  Vermilion avulsion of the lower lip. A, A 4-year-old girl sustained a small vermilion 
avulsion  because  of  a  dog  bite.  Primary  closure  requires  extending  a  wedge  excision  into  the  skin.  
B, Preservation and replantation of the avulsed vermilion segment was ultimately successful. 

A B
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In such circumstances, a skin-to-mucosal closure is the treat-
ment of choice, with secondary surgery to re-create the oral 
aperture. Some form of rotational flap is required.

Rarely, an amputated lip segment can be replanted because 
the labial vessels in the remaining and avulsed lip are fairly 
easy to locate due to their predictable position.9 However, the 
avulsed nature of most lip amputations makes it very difficult 
to reestablish flow in stretched vessels with significant intimal 
damage (Fig. 19-24).

INTRAORAL WOUNDS

Mucosal lacerations of the cheek, vestibules, floor of the 
mouth, tongue, and palate commonly occur. They most often 
result from compression or shearing of the mucosa against 
the dentition (natural or otherwise) or underlying bone, but 
they can result from a penetrating injury or be associated 
with mandibular or maxillary fractures.

PALATE

Injuries to the palatal mucosa most commonly occur in chil-
dren as a result of a fall while sucking a foreign body (e.g., 

FIGURE 19-23  Loss  of  one half  of  the  lower  lip due  to a dog 
bite. A, Extent of  lip  loss  in a 34-year-old man. B, Primary closure 
after  an  unsuccessful  microvascular  replantation  attempt.  C,  Six-
month postoperative result shows some degree of microstomia. 
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FIGURE 19-24  Avulsed  lower  lip  segment  from  the  patient 
described in Figure 19-23. These avulsions severely  injure  the  labial 
vessels, making reestablishing vascular flow very difficult. The strand 
of tissue coming from the lip segment is a branch of the mental nerve. 
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EAR

The ear is similar to the nose in that there is a potential for 
disruption of a complex cartilaginous framework. Only the 
lobule, consisting of skin and adipose tissue, is devoid of 
cartilage. The large area of perichondrium and cartilage pre-
disposes to hematoma formation after blunt injury. An 
enlargement of the ear with loss of definition usually indicates 
a hematoma and warrants immediate incision and drainage 
to prevent cartilaginous and fibrous disfigurement, the 
so-called cauliflower ear. After incision and drainage, bolsters 
should be placed and tied through and through onto the 
anterior and posterior surfaces of the ear to prevent reaccu-
mulation of the hematoma; this is a more reliable and com-
fortable method than circumferential, tight pressure dressings 
(Fig. 19-25).

The unique structures of the ear warrant conservative 
débridement, because their replacement can be difficult. The 
blood supply is extensive, and many large ear segments can 
survive on narrow skin flaps. The cartilage must be approxi-
mated before closure of the overlying skin. The elastic carti-
lage of the ear does not heal by cartilaginous ingrowth but by 
the development of a fibrous scar between the cut edges, and 
it should be sutured with an undyed, slowly resorbing or clear, 
permanent suture for a more secure closure.10 Because the 
shape and position of the ear are determined primarily by the 
support provided by the outline of the helical rim and anti-
helix, repair of the cartilaginous components is critical. 
Repair of the cartilage within the concave hollows of the ear, 
such as the concha and triangular fossa, is less critical because 
unsupported soft tissue healing alone can maintain 

toothbrush, pencil). The injury tends to be toward the poste-
rior aspect, crescentic with the convexity anterior, and likely 
to involve the soft palate; or it may occur with maxillary 
fracture, most likely associated with a split palate and lying 
in the sagittal plane. In the former scenario, care should be 
taken to ensure that no foreign bodies are retained and, 
depending on the extent of the laceration, the wound may be 
tacked closed or not. Occasionally, a through-and-through 
wound results along the posterior edge of the maxilla, sepa-
rating the soft palate from its anterior attachment. In this 
case, the nasopharyngeal and oral surfaces should be repaired 
if practical. With an underlying maxillary fracture, the initial 
requirement is to stabilize and fix the fracture and repair the 
soft tissues of the nasal floor (if required) and palate to avoid 
development of an oronasal fistula.

CHEEKS AND LIPS

Lacerations to the cheek or mucosa along the inner lip surface 
should be closed with 4-0 chromic or plain sutures and, 
depending on the depth of injury, with dermal sutures as 
required. Care should be taken in the cheek to ensure that the 
parotid papilla or duct is not compromised.

fLOOR Of MOUTH

In most instances, lacerations in the floor of the mouth can 
remain unsutured. Inexperienced suturing in this area may 
result in damage to the submandibular or sublingual salivary 
ducts or the lingual nerve. Through-and-through wounds 
require exploration and suturing in layers to avoid fistula 
formation.

TONGUE

To prevent notching and marginal deformities, significant 
tongue lacerations should be closed in layers with loosely 
tied, 3-0 chromic or Vicryl sutures in anticipation of  
muscular edema. Although rare, profuse bleeding can 
obstruct the airway, and early intubation is recommended in 
these cases.

DEGLOVING INJURY

Degloving injuries in the anterior mandibular region occur 
when significant compression and downward shearing forces 
are applied to the lower lip and chin. The mental nerves and 
vessels often remain intact, and some degree of the alveolar 
mucosa is stripped from the anterior mandible, commonly 
exposing the outer table from the alveolus to the chin point 
as far back as the mental foramina. The injury frequently 
results from hitting the chin and lower lip against the ground 
after a fall from a bicycle or skateboard. The wound typically 
is contaminated with particulate debris and requires thor-
ough cleaning before the mucosa is fastened back in its origi-
nal position. It often is not possible to approximate the 
original positions of the tissues, and exposed areas subse-
quently heal by secondary intention. External strapping or 
bandaging is recommended for the first 48 hours after repair.

Mucosal injury may be the first indication of child abuse, 
and this should be considered if the explanation appears 
incompatible with the injury.

FIGURE 19-25  Auricular hematoma. A, An incision is made over 
the hematoma, and the clot is evacuated. B, After evaluation, pressure 
is applied by through-and-through chromic sutures tied over a bolster 
placed on the side of the hematoma to prevent reaccumulation. 

Hematoma

Cartilage
Subcutaneous fat
Skin

Vaseline gauze
pledgets
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B
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situation becomes evident in the immediate postoperative 
period by the presence of bluish discoloration and sluggish 
to nonexistent capillary refill, which are classic signs of venous 
congestion. Leeches used for several days often salvage the 
situation. One or two leeches, changed twice daily, combined 
with the typical ooze after removal allow the venous system 
rapidly to reestablish itself. There can be surprisingly signifi-
cant blood loss with this technique, and the hematocrit 
should be monitored daily. A broad-spectrum antibiotic 
active against Aeromonas, a common gram-negative bacte-
rium found in the gut of the leech, should be prescribed. 
Despite the nursing care needed and its unappealing nature, 
the salvage of tissue from venous congestion with leech 
therapy can be remarkable (Fig. 19-27).

If the ear avulsion is complete, a microvascular repair pro-
vides the best hope for successful replantation (Fig. 19-28). 
The success rate is low because of the very small size of the 
vessels (≤0.5 mm), difficulty in finding recipient vessels in the 
remaining wound bed and donor vessels in the amputated 
segment, and the intimal damage to the vessels that occurs 
with the more common avulsive injury. However, the arterial 
inflow from a single arterial anastomosis combined with 
postoperative leech therapy for venous outflow makes success 
possible, particularly in children.11 For every large avulsed ear 
segment with a limited period of warm ischemia, microvas-
cular replantation should be attempted. If microvascular 
replantation is not possible, placing the cartilage in a 

the concavity. Notching of the helical rim is common after 
transection and repair and is particularly noticeable. Atten-
tion should be paid to cartilage realignment and skin closure 
in this area, with the use of vertical mattress sutures to evert 
the skin if necessary. Suturing of the dermis is rarely neces-
sary, because the cartilaginous repair typically relieves any 
likely tension across the skin closure and the dermis is usually 
quite thin (Fig. 19-26).

Avulsion injuries vary greatly, but most involve some 
degree of tearing and crushing. Replacement of small avul-
sions as composite grafts may be considered, and there is 
usually little risk other than that of secondary removal and 
reductive closure with delayed reconstruction. Only the 
smallest segments (<1.0-1.5 cm) are likely to survive, and 
depending on the components involved, it may be more expe-
dient and with less risk to complete a wedge excision and 
close primarily. For injury involving segmental avulsions of 
the upper two thirds of the helix, the retained cartilage may 
be denuded of skin and buried in the postauricular area with 
the torn or cut skin edges of the ear sutured into the same 
area, facilitating the subsequent use of a postauricular flap for 
secondary reconstruction and avoiding an operative stage 
and a donor site.

Most large, incomplete avulsions, even if attached by a 
very narrow pedicle, can survive with simple reattachment. 
However, although the skin pedicle usually offers adequate 
vascular inflow, the venous outflow may not be sufficient. This 

FIGURE 19-26  Closure of ear  lacerations  requires careful attention  to cartilage  repair. A, Partial 
ear transection. B, Figure-of-eight sutures through the cartilage prevent the edges from overriding each 
other.  The  skin  is  closed with  simple  sutures or  everting mattress  sutures. C, Closure of a partial  ear 
transection. 
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FIGURE 19-27  Partial ear avulsion. A, A 27-year-old man had 
near-complete ear avulsion due to a rollover motor vehicle accident. 
Only a small  skin bridge  remains at  the superior helix. B, Primary 
reattachment without microvascular anastomoses. C, Use of postop-
erative leeches for 5 days was necessary for venous outflow. D, With 
the exception of the lobule, the ear survived. E, Secondary reconstruc-
tion was done with a cartilage graft and release. 
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within the first 24 hours of injury, if possible. In this  
early period, the distal nerve ends can be stimulated and 
identified.13,14

With either an epineural or a fascicular repair, surgery 
should be done using appropriate magnification with loupes 
or the operating microscope. If large branches are involved, 
an epineural repair may be adequate if a reasonable alignment 
and orientation of the fascicles within the sheath can be 
achieved. After cleaning and trimming of the nerve ends, 
simple interrupted sutures are placed using 10-0 nylon or 
Prolene on a 75- to 100-µm needle. Three to five sutures 
usually are needed (Fig. 19-30). In the smaller, more distal 
branches, the fascicles may be directly repaired with 11-0 
suture material. There is some dispute about which method 
of repair—epineural alone or fascicular—produces the better 
functional outcome.15 This argument often becomes moot, 
because the size of the nerve and its number of fascicles 
usually dictate the repair technique used.

If there has been loss of nerve tissue and continuity cannot 
be restored without unacceptable tension across the anasto-
mosis, a primary nerve graft using the sural nerve should be 
considered (Fig. 19-31). The nerve graft can be harvested 
quickly and is associated with minimal morbidity (i.e., lateral 
plantar anesthesia) at the donor site.

Severe functional deficits arise from transections of the 
peripheral, single nerve branches, the frontal and marginal 
mandibular nerves. They have no cross-innervation with 
other branches, and motor function therefore never recovers 
without their anastomosis. However, they tend to be the 
hardest nerves to find and the least forgiving of a poor repair 
(Fig. 19-32).

Transection of the main nerve trunk as it exits from the 
stylomastoid foramen poses a difficult problem. Although the 
nerve trunk at this level is large, a sufficient proximal segment 
may not be available to facilitate a repair. Mastoid bone can 
be removed, and this may expose enough of the proximal 
segment to complete the repair. In rare circumstances, a prox-
imal segment may not be available, and consideration should 
be given to a primary crossfacial nerve graft. The sural nerve 
graft, usually about 16 to 20 cm long, is anastomosed to the 

postauricular subcutaneous pocket (i.e., pocket principle) 
should be considered.12 It is uncovered weeks later and used 
as part of the secondary reconstruction.

fACIAL NERVE

Because lacerations of the lateral face, involving an area from 
the temporal region to the neck, may involve branches of the 
facial nerve, facial nerve function must be assessed as part of 
the examination. Injuries to the nerve anterior to a vertical 
line from the lateral canthus or the midpupillary line  
do not require repair and do not cause permanent loss  
of muscle function because the superficial facial muscles  
are innervated through their posterior aspects (Fig. 19-29). 
Posterior to these vertical lines, severed branches of the  
facial nerve should be repaired under microscopic guidance 

FIGURE 19-28  An 18-year-old girl (unrestrained passenger) sustained a total ear amputation during 
a  rollover motor  vehicle accident. A, Complete  transection  through  the  concha. B,  The  severe  crush 
mechanism of the avulsion made the small (0.25-mm) vessels unusable for a microvascular replantation 
attempt. 

A B

FIGURE 19-29  Indications for facial nerve repair. 
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distal branches of the normal nerve on the opposite side of 
the face and then tunneled across the upper lip to the site of 
injury (Fig. 19-33). There is no advantage in delaying the 
repair under these circumstances unless the wounds are 
severely contaminated. Primary crossfacial nerve grafting 
offers the best hope for return of spontaneous and symmetri-
cal facial expression. If the graft does not restore function to 
the remaining distal nerve branches, it can be used for a 
gracilis muscle transfer for smile reanimation.

PAROTID DUCT

Because the parotid duct runs parallel to the buccal branch 
of the facial nerve, traversing the middle third of a line drawn 
from the tragus to the midpoint of a line drawn between the 
alar of the nose and the vermilion border of the upper lip, 
lacerations in this area may sever the duct and the nerve 
branch. Saliva is rarely present in the wound after transection, 
and the injury easily can be missed (Fig. 19-34A).

Retrograde cannulation of Stensen’s duct can confirm  
or refute transection of the duct (see Fig. 19-34B). The duct 
is large, usually 4 to 5 mm in diameter, which makes finding 
the proximal portion a simple procedure under loupe 

FIGURE 19-30  Primary  repair  of  facial  nerve  transection.  A,  Typical  location  of  nerve  branch 
transections on the lateral face. B, Suture technique of epineural repair of facial nerve transections. 

Main trunk

Peripheral branch

BA

magnification. The injection of colored dyes from the distal 
end is often recommended, but this seems unnecessary 
because it only colors and obscures the operative field. The 
proximal portion can be found by expressing saliva from the 
parotid gland.

The repair is carried out with 6-0 or 7-0 nylon or Prolene 
over a plastic stent; the Silastic tubing from an angiocatheter 
of a similar size to that of the duct can suffice. The stent is 
allowed to extend from the papilla for about 1 cm and is 
sutured to the mucosa with a 4-0 chromic suture. The stent 
is retained for about 2 weeks and then removed if it has not 
already become dislodged.16

If a section of the duct is missing and there is not enough 
residual duct to satisfactorily reconstitute the lumen, there are 
three practical options: to reconstruct the duct with a vein 
graft, to create a new oral opening by diverting the proximal 
stump through the oropharyngeal wall, and to ligate the duct 
and hope for eventual atrophy without creating a source of 
chronic infection.

Lacerations to the parotid gland itself should be repaired 
in layers (i.e., capsule, subcutaneous tissue, dermis, and skin) 
to avoid fistula formation. Lacerations involving the sub-
stance of the gland usually do not pose a problem unless 
adequate drainage of saliva is obstructed. If saliva collects 
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FIGURE 19-31  Facial nerve repair with an interpositional graft. 
A, A 34-year-old man sustained a laceration from a hook (artificial 
arm) with near-complete facial paralysis, sparing only the marginal 
mandibular branch. B, Intraoperative view of main branch transec-
tions with a gap. C, Interpositional sural nerve grafts. D, The 1-year 
postoperative result demonstrates complete return of buccal innerva-
tion.  E,  The  1-year  postoperative  result  shows  a  lack  of  frontal 
innervation. 
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FIGURE 19-32  Transection of the terminal frontal branch of the facial nerve. A, A 16-year-old boy 
sustained severe left  temporal  lacerations in a motorcycle accident. B,  Identification and repair of the 
frontal  nerve  branch  transection.  These  facial  nerve  branches  usually  consist  of  only  one  or  two 
fascicles. 

A B
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FIGURE 19-33  Transection of the main trunk of the facial nerve. 
A,  Entrance  site  of  a  small  glass  shard obtained  from a  fall  (push) 
through a glass door. It caused immediate and complete facial paraly-
sis. B, Transection of the main trunk of the facial nerve at the level of 
its  exit  from  the  bone.  The  distal  end  of  the  trunk  is  seen.  Primary 
repair to the proximal end was not possible. C, Sural nerve graft was 
harvested with an endoscope. D, The nerve graft was tunneled from 
the uninjured side, where it was anastomosed to the buccal branches, 
to the injured side through a catheter. E, Number of fascicles available 
for anastomoses  to  the distal  end of  the  facial nerve  trunk  from  the 
nerve graft. 
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FIGURE 19-34  Parotid duct repair. A, A 27-year-old man sustained transfacial laceration by a knife, 
and  parotid  duct  laceration  was  suspected.  B,  Diagram  of  probing  of  the  parotid  duct  laceration. 
C,  Intraoperative  probing  of  the  parotid  duct  laceration.  No  facial  nerve  branches  were  injured. 
D, Repair of the parotid duct laceration over a stent. 
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within the wound and persists after multiple aspirations, the 
wound needs to be further explored to ensure that no transec-
tion has been missed and the repair has not failed. Persistent 
collection of saliva in the presence of a restored duct may 
benefit from the use of botulinum toxin to block the para-
sympathetic innervation.17
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The distinctive features of the human face and its visibil-
ity to other people pose major challenges in facial 
reconstruction. When large or massive defects of the 

face are present, these challenges become truly great. Situa-
tions that induce extensive injury with such large losses of 
facial tissue are infrequent outside of wartime, the most 
common cause being gunshot wounds—either accidental, 
self-inflicted, or of criminal origin. Gunshots often produce 
unpredictable patterns of facial injury with large composite 
defects that may severely compromise multiple orofacial 
functions including breathing, eating, speaking, and seeing. 
Rarely, severe motor vehicle, industrial, or home accidents 
cause extensive damage, but this is usually of a more blunt 
nature, with crushing and comminution of facial structures 
rather than large tissue loss. Glass or metal shards may 
produce long and deep lacerations with underlying bone  
fractures, but this is usually a less complicated problem  
than the tissue loss that occurs with high-energy penetrating 
missiles and the blast effect from discharge of a gun close to 
the face.

When presented with a patient who has sustained a severe 
injury with loss of facial tissues, it can be bewildering to know 
where to begin after the initial resuscitation, control of bleed-
ing, and systemic stabilization. The successful reconstruction 
of these facial defects involves replacement of much of the 
missing tissue before significant scarring and contracture 
have occurred. Such an approach demands early surgical 
intervention and the knowledge and application of every 
known reconstructive procedure and often new, creative 
designs.

GUNSHOT PATHOPHYSIOLOGY

Although large composite facial defects can occur from 
numerous causes, they are most consistently produced by 
firearms. This problem is most significant in the United 
States, where the continued upward trend in firearm injuries 
will soon eclipse motor vehicles as the leading cause of trau-
matic death.1 As more of these facial insults occur, their man-
agement benefits from a basic understanding of ballistics and 
the mechanisms of tissue injury.

Scientific investigation of the interaction of penetrating 
projectiles with body tissues has a significant history but is 
often misunderstood in the medical literature. Although a 

large number of gun and bullet types exist, the mechanisms 
by which the projectile disrupts tissue are quite basic and are 
purely mechanical in nature. Initially, the bullet crushes suf-
ficient tissue to make a hole (entrance), through which it 
penetrates the underlying tissue (permanent cavity). Depend-
ing on the caliber and the speed at which the bullet is travel-
ing, the walls of the permanent cavity radiate outward to form 
a temporary cavity (Fig. 20-1). The permanent cavity exhibits 
obvious tissue destruction, but the damaging effect in the 
temporary cavity is variable. A third mechanism, powder 
gases that follow the bullet out of the barrel and are forced 
into the tissues, occurs only in wounds in which the gun is 
in close contact with the skin at the time of firing.2

The tissue damage produced by a projectile depends on 
numerous factors including its shape, construction, and mass, 
not just its velocity alone. This is best illustrated by comparing 
three well-known types of bullets, all of which travel at about 
the same projectile velocity. From a distance of 15 feet, the 
tissue damage caused by a .22 caliber bullet is less significant 
than that caused by a .44 Magnum hollow-point bullet. The 
increased size and deformation of the .44 Magnum bullet on 
impact account for the greater tissue damage. Both of these 
pale, however, when compared with the tissue disruption 
caused by a load of 00 buckshot from a 12-gauge shotgun. 
The pellets from a shotgun hit so close together that they 
shred tissue for a diameter of up to 10 cm, causing the great-
est harm of any small firearm2 (Fig. 20-2).

What makes the face unique in most gunshot injuries is 
that an unimpeded, through-and-through bullet wound 
occurs in only a minority of cases. The facial bones make up 
much of the volume of the face, and bone is almost always 
struck within 1 to 2 cm of the entry point in any facial area. 
This anatomical difference from the trunk and extremities 
accounts for two distinct considerations in evaluating and 
treating gunshot wounds to the face. First, the damage caused 
by projectiles is a function of tissue density (decreased elastic-
ity). Facial bones, when hit, suffer significant damage, because 
they have the second highest specific gravity of any body 
tissue (exceeded only by the enamel of the teeth). Second, 
when bullets entering the face hit bone, they deform or yaw. 
Yaw causes them to change direction, altering their original 
straight path. Yawing of deformed bullets results in an unpre-
dictable path, producing a large temporary cavity and damag-
ing more tissue (Fig. 20-3). Such behavior demands a 
thorough search for potential injury in all craniofacial areas, 
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not just the structures between the entrance wound and the 
exit site, if an exit site exists at all (Fig. 20-4).

WOUND CLASSIfICATION

Certain patterns of facial injury caused by penetrating mis-
siles have been reported in the literature. These are based on 
either the path of the missile (entrance and exit wound) or 
the pattern of tissue injury or loss that occurs. The four 
general patterns of involvement for gunshot wounds are the 
frontal cranium, the orbit, the lower midface, and the man-
dible (Fig. 20-5). The location of the exit wound provides a 

FIGURE 20-1  Characteristic  wound  profile  of  a  bullet  traveling 
through tissue. Notice the large amount of tissue destruction (detached 
muscle) and the size of  the temporary cavity compared with the per-
manent cavity. The  false belief  that a bullet damages  tissue  in direct 
proportion to its velocity is widespread. Tissue destruction is based as 
much on bullet shape and construction as on its velocity. 

Permanent
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Bullet

Bullet
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FIGURE 20-2  Differences in facial damage caused by two different bullet types that travel at roughly 
the same velocity and were fired at roughly the same distance from the face. A, A .38 caliber handgun. 
B, A 20-gauge shotgun. 

A B

FIGURE 20-3  Variations in the motion of bullets that lead to greater 
tissue  damage.  These  variations  are  usually  caused  by  the  bullet’s 
striking facial bones after entering the skin and can radically change 
its straight-line course through the face. 

Yaw
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rough guide to the pattern, which is most accurately pre-
dicted by the locations of the entrance and exit wounds. In 
general, skin and bone complications are less severe in the 
upper face and cranial area. In the lower face, there is greater 
comminution of fractures and damage to the intraoral lining.3

More clinically useful is an appreciation of the zones of 
facial tissue injury and tissue loss based on the patterns of 
gunshot wounds. These include the central face, the lateral 
mandible, the lateral midface and orbit, and the lateral 
cranium and orbit (Fig. 20-6). In each case, a wide zone of 
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hard and soft tissue injury surrounds a smaller zone of actual 
hard and soft tissue loss. The important point is to appreciate 
that the zone of injury is more expansive than that of tissue 
loss and must be factored into the plan of reconstruction.

STATE-Of-THE-ART MANAGEMENT:  
BASIC PRINCIPLES

The historical approach to early management of ballistic inju-
ries to the face included multiple débridements, daily dress-
ing changes, and delayed reconstruction. This was fostered 
and appeared rational based on the rate of complications that 
developed when early reconstruction was undertaken, which 
included infection, wound breakdown with necrosis, and 
ultimate collapse of the reconstructed facial segments. The 
application of craniofacial surgical and diagnostic techniques 
has revolutionized the management of blunt facial injuries 
but still frequently fails in cases of gunshot facial wounds if 
the fundamental differences between these two types of facial 

FIGURE 20-4  Dramatic change of bullet path caused by striking facial bone. Patient was shot on 
one side of the face (malar area), and the bullet ended up on same side of the face (temporal area). 
A, Left malar entrance site. B, Axial computed tomographic  image of  left  temporal  location of bullet. 
C, Location of bullet in left temporal area. The bullet was removed due to masticatory pain. 

A

C
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injuries are not appreciated. Recognition of the absence of 
tissue and the devascularized, compromised quality of some 
of the remaining hard and soft facial tissues is paramount in 
choosing the appropriate reconstructive techniques and the 
timing of their application.

The facial gunshot wound, first and foremost, must be 
controlled by débridement of necrotic, nonviable tissue; elim-
ination or evacuation of hematoma and infection; oblitera-
tion of dead space with vascularized tissue; and re-creation 
of adequate skin and mucosal lining.1 In addition to under-
standing this most important conceptual approach, the initial 
management of facial gunshot wounds should take into 
account several basic principles derived from the unique 
anatomy of the face and the behavior of penetrating 
missiles.

TREAT THE WOUND, NOT THE WEAPON

The exact gun type and circumstances that caused the facial 
wound, while of interest, do not guide or alter the subsequent 
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airway and feeding tubes well, and they do not preclude 
breathing around the tracheostomy tube or oral feeding 
between reconstructive surgeries.

PROVIDE ADEQUATE ANTIBIOTIC COVERAGE IN 
THE IMMEDIATE INJURY STATE

A bullet is not sterilized by being fired. Penetrating projectiles 
carry bacteria into the wound. When combined with the 
presence of devitalized tissues and open wounds, a near-ideal 
bacterial culture medium may exist that can overcome even 
the superior blood supply of the face. Group A β-hemolytic 
streptococci and clostridia were historically reported from 
battlefield gunshot wounds but have been almost eliminated 
since the development of antibiotics during World War II.  
A broad-spectrum cephalosporin or penicillinase-resistant 
antibiotic should be given. Subsequent surgeries are covered 
as for any other facial reconstructive procedure.

surgical management. Victims and observers of gunshot 
wounds are unreliable and frequently misrepresent many of 
the events of the shooting, particularly the type of weapon 
and the distance of fire. Focus on the facial damage present, 
and do not concern yourself with the details of the gun. The 
only gun-specific information that really matters is whether 
it was a single-bullet or a multiple-pellet firearm. However, 
the facial wound itself usually makes this obvious. Much is 
made of whether the penetrating missile is of high or low 
velocity, but this does not usually change the required 
treatment.

PROVIDE PRIMARY CARE AfTER BASIC  
TRAUMA RESUSCITATION

In patients with significant injuries and severe facial tissue 
damage, management of the airway is of supreme impor-
tance. Intubation, or preferably tracheostomy, should be lib-
erally done. In addition to solving issues of early airway 
patency and obstructive bleeding, this facilitates the numer-
ous subsequent reconstructive procedures. Oral or nasal intu-
bation often hinders proper access for the reconstruction, 
even many months later. It is not uncommon to keep a tra-
cheostomy or feeding tube in place for up to 1 year after the 
injury in cases of severe facial tissue loss. Patients tolerate 

FIGURE 20-5  General patterns of  facial gunshot wounds:  frontal 
cranium, orbit, midface, and mandible. The locations of the entrance 
and exit wounds are a rough guide to the type of pattern. (Adapted 
from Clark N, Birely B, Robertson B et al: High-energy ballistic and 
avulsive facial injuries: classification, patterns, and an algorithm for 
primary reconstruction. Plast Reconstr Surg 98:583-601, 1996.)

FIGURE 20-6  Zones of facial involvement based on the pattern of 
the  facial  gunshot wound:  central  face  (upper left),  lateral  face and 
mandible (upper right), midface and orbit  (lower left), and orbit and 
skull (lower right). Zones of tissue loss (entrance and exit wounds) are 
blacked out, and the surrounding zones of tissue injury are indicated 
by diagonal lines. (Adapted from Clark N, Birely B, Robertson B et al: 
High-energy ballistic and avulsive facial injuries: classification, pat-
terns, and an algorithm for primary reconstruction. Plast Reconstr Surg 
98:583-601, 1996.)
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MAINTAIN A HIGH LEVEL Of SUSPICION fOR 
VASCULAR INJURY

By definition, most facial gunshot wounds are classified as 
being in zone II (between the cricoid cartilage and the man-
dibular angle) or zone III (between the mandibular angle and 
the skull base). Vascular injury in these zones may be obscure 
and not easily diagnosed by clinical examination. Computed 
tomographic (CT) evaluation is especially helpful for assess-
ment of major vessels and the cranial and orbital contents. 
When in doubt, consider carotid angiography.

PROVIDE INITIAL SURGICAL TREATMENT  
WITH MINIMAL DÉBRIDEMENT AND  
PRIMARY CLOSURE

After stabilization, the patient should be taken to the operat-
ing room as soon as possible. This permits a thorough wound 
exploration and determination of what type of reconstruction 
will be needed. At this time, the following tasks can be 
accomplished:

• Remove loose teeth and bone.
• Remove obvious bullet fragments, but do not dissect and 

retrieve fragments that lie deep.
• Débride only obviously nonviable tissue.
• Irrigate copiously with saline.
• Close as much of the soft tissue as possible, going from the 

inside out.
• Stabilize facial bones by direct plate and screw and maxil-

lomandibular fixation if enough teeth and jaw structures 
are present, or use an external mandibular or cranial halo 
(midface) fixator if large bone segments lack continuity 
and flail segments are present.

PLAN fOR EARLY RECONSTRUCTION WITH 
TISSUE REPLACEMENT

Early reconstruction with tissue replacement is the corner-
stone of contemporary reconstruction of large facial defects. 
Early replacement of hard and soft tissue deficits provides the 
best long-term results. Until recently, treatment consisted of 
initial wound débridement, packing of extensive defects, and 
serial dressing changes followed by surgical débridement pro-
cedures until soft tissue closure could be achieved. Concerns 
about contamination and lack of reliability of local tissues 
were overriding themes. It is now clear that there is no facial 
advantage to allowing the wound to heal by secondary inten-
tion or skin grafting of open wounds before reconstruction is 
initiated. The historical approach allowed a tremendous 
amount of scar formation and contracture to occur, making 
the formal reconstruction attempts much more difficult and 
often leading to partial or patchwork results. Facial tissue 
should be replaced as soon as the patient is stable and the 
margins of wound viability are clear.4 Neurological and oph-
thalmological injuries frequently cause the initial reconstruc-
tion to be delayed, but often it can still be performed within 
the first weeks after injury. A pre-reconstruction CT scan, 
preferably three-dimensional, can be very informative as to 
the extent of missing bone.5

The contemporary approach employs liberal use of micro-
vascular tissue transfers to replace missing bone, oral lining, 

and cutaneous cover, often in a single operation. Although a 
single free flap alone cannot provide complete facial recon-
struction, it does introduce healthy, unscarred tissue that can 
be manipulated in subsequent procedures.

RECONSTRUCTIVE fLAP OPTIONS

The concept of early tissue replacement in extensive trau-
matic facial wounds is very similar to the reconstruction of 
facial defects after oncologic resection. Knowledge of a variety 
of tissue flaps, some that must be transferred as free tissue 
and others pedicled in design, provides powerful reconstruc-
tive options that permit early facial intervention. These 
include flaps composed of free bone with or without a skin 
paddle and free fasciocutaneous, free muscular, and pedicled 
fasciocutaneous options. Several superb texts are available on 
this topic that provide detailed descriptions of the entire 
scope of tissue flap anatomy, and the reader is referred to 
these for descriptive detail and operative guidance.6 The 
following sections are not meant to be all-inclusive but 
describe those flaps that are commonly used for facial gunshot 
wounds.

fREE fIBULAR fLAP

The fibula is the longest bone that can be transferred by 
microsurgical techniques. It is often described as an ideal 
mandibular replacement in terms of bony stock, but this is 
not entirely accurate. It has very similar cross-sectional thick-
ness but inadequate vertical height—usually less than half 
that of a normal dentate mandible. Its available length, up to 
24 cm, does allow it to be used for long bone defects. The 
pedicle is large and very reliable, and septocutaneous branches 
make formation of a significant skin paddle possible. It is a 
truly expendable long bone with little donor morbidity other 
than an external scar if properly harvested.

Fibular transfer depends on the endosteal and periosteal 
blood supplies from the peroneal artery. The endosteal circu-
lation is supplied through a nutrient artery that typically 
enters the middle third of the fibula. The pedicle of the pero-
neal artery is rather short, usually about 6 to 8 cm at best. A 
single central artery with a diameter of 2 to 3 mm is sur-
rounded by two venae comitantes. In addition to the nutrient 
and periosteal vessels to the fibula, the peroneal artery gives 
off multiple branches to all of the surrounding muscles of the 
leg and to the lateral leg skin. There are two to six cutaneous 
perforating branches of the peroneal artery which travel 
along the posterior crural septum and through the soleus and 
flexor hallucis longus muscles. They supply a longitudinally 
oriented area of skin that can be raised as a septofasciocutane-
ous flap with the central axis along the posterior crural 
septum (Fig. 20-7A).

The fibular free flap is most commonly used for mandibu-
lar reconstruction, particularly of the symphysis and angle, 
where osteotomies may be required to provide a three-
dimensional reconstruction. When used with a skin paddle, 
it offers replacement of the external skin, lip, or lining of the 
buccal mucosa or floor of the mouth7,8 (see Fig. 20-7B,C). If 
only a small amount of bone is needed, such as in reconstruc-
tion of the anterior maxilla, a long vascular pedicle can be 
created by use of the more distal end of the bone.
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fREE SCAPULAR fLAP

The scapular flap has gained utility because it provides good 
bone stock with a large pedicle that is long and relatively easy 
to find. The circumflex scapular pedicle is a branch of the 
subscapular system, with a pedicle length of 5 to 6 cm and 
vessel diameters up to 2.5 mm. The direct vascular connec-
tion between the circumflex scapular artery and the perios-
teum of the scapula makes osseous transfer possible. The 
lateral border of the scapula provides a 10- to 14-cm segment 
of straight bone located between the glenoid fossa and the tip 
of the scapula.9 The lateral inferior axillary border of the 
scapula also receives a periosteal pedicle (angular) from a 
branch of the thoracodorsal artery and associated venae com-
itantes. If the thoracodorsal branch is included with the cir-
cumflex scapular pedicle, a second vascularized bone segment 
may be designed with the scapular flap.10 The overlying soft 
tissue can be harvested with the bone transfer, either with or 
without the overlying skin. The skin is thick and hairless and 
has only a thin layer of subcutaneous fat, which is usually 
advantageous in the face. The donor site can be closed pri-
marily, even when a skin paddle is used, and the back scar is 
often wide but acceptable. One of its most significant advan-
tages is the wide arc of movement between the skin paddle 
and the osseous portion of the flap, which is related to the 
differing transverse (skin paddle) and descending (bone) 
branches of the circumflex scapular pedicle (Fig. 20-8).

The scapular region also provides an excellent source of 
vascularized fasciocutaneous tissue, which was used long 
before its potential for bone transfer was recognized. The soft 
tissue is based on the horizontal or descending branch of the 
circumflex scapular artery in either a horizontal (scapular) or 
vertically oriented (parascapular) design. This provides thin, 
pliable tissue, up to 10 cm in width with skin attached, or 
larger if only the fascial component is required.

The one disadvantage to the scapular flap is the necessity 
for significant arm rotation to properly visualize and dissect 
the pedicle through the triangular space. This precludes a 
two-team approach with simultaneous flap elevation and 
facial recipient site preparation.

Use of the scapular free flap has been described for both 
mandibular and maxillary bone reconstruction. It is a good 
choice when a straight piece of bone is required. The use of a 
skin paddle with bone makes it useful for a variety of com-
posite defects about the orofacial and orbitomaxillary regions. 
The fascial or fasciocutaneous component alone provides an 
excellent source of vascularized soft tissue fill.

fREE RADIAL fLAP

The radial forearm provides a potentially large, thin fasciocu-
taneous free flap on the ventral surface. It was historically 
described as a useful osteocutaneous flap, but the radius is a 
poor source of good bone stock and places the donor bone at 
a significant risk of postoperative fracture. If bone is needed, 
other free flap options (e.g., fibula, scapula) are usually better. 
The forearm should be used as a source of thin soft tissue 
only.

Almost all or any part of the skin and fascia extending 
from the antecubital fossa to the wrist may be elevated based 
on the radial artery and its septocutaneous branches. The 
more distal the skin flap is designed, the longer the pedicle 

FIGURE 20-7  Fibular free flap. A, Peroneal blood supply. B, Large 
segments of mandible can be replaced; this requires multiple osteoto-
mies and shaping of the fibula. C, The need for shorter bone lengths 
creates a longer vascular pedicle by using the distal end. 
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will be. The radial artery is of good size (2.5 mm) and has a 
very consistent anatomy; it courses between the bellies of the 
brachioradialis and pronator teres in the upper forearm and 
between the tendons of the brachioradialis and flexor carpi 
radialis in the lower forearm. Most of the septocutaneous-
fasciocutaneous branches are in the distal half of the radial 
artery and are easily identified emerging from the intermus-
cular septum, which must be preserved during harvest, at the 
radial border of the flexor carpi radialis muscle11 (Fig. 20-9).

The radial forearm flap has numerous advantages as a soft 
tissue source, including a large amount of thin tissue, a long 
and large pedicle, and ease of harvest. These qualities make it 
particularly well suited for lining intraoral defects or as an 
external skin cover.12 However, the harvest of a flap from an 
extremity requires several precautions to avoid significant 
donor site complications. It is essential that the inflow to the 
hand be preoperatively evaluated with an Allen test to confirm 
that circulation through the ulnar artery is sufficient for sur-
vival of the hand. This should be reconfirmed during flap 
dissection by placement of a microvascular clamp distally and 
release of the tourniquet before division of the radial artery. 
The peritenon covering the tendons of the flexor carpi radia-
lis, brachioradialis, and finger flexors must be preserved to 
avoid skin graft failure and possible loss of the tendons 
postoperatively.

FIGURE 20-8  Scapular free flap. A and B, Subscapular blood supply with two distinct branches to 
the  lateral  border  of  the  scapula. C,  Lateral  scapular  bone  graft  with  skin  island  (common  scapular 
artery). D, Bipedicled design with the inferior edge of the scapula based on the ascending branch. 

A B

C D

FIGURE 20-9  Radial forearm flap. A, Radial blood supply. B, Thin 
fasciocutaneous components of the flap (turned over). 
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B
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they also have significant value in a variety of head and neck 
sites. When combined with a skin graft, they can be used for 
outer coverage of scalp and skull defects16 and as vascularized 
fill for a wide variety of lower facial wounds. The long length 
of the muscle rarely makes its short pedicle length a problem 
(Fig. 20-11). However, extending the pedicle into the neck for 
anastomosis requires a very wide subcutaneous tunnel to 
avoid postoperative venous congestion of the flap.

fREE SERRATUS fLAP

The free serratus flap provides a very long pedicled musculo-
fascial flap that has excellent utility for facial applications.17 
Its long pedicle (15-20 cm) combined with the length of 
muscle and fascia can easily reach the midface when anasto-
mosed into the neck. It can be raised with both skin and 
muscle, but the amount of rib obtained is not sufficient for 
most facial reconstructive needs. The serratus is a thin, broad 

fREE LATISSIMUS fLAP

The latissimus dorsi is a large, flat, triangular muscle that 
offers the largest source of well-vascularized soft tissue in the 
body, measuring up to 25 × 35 cm in size. Its tendon attaches 
to the humerus proximally with broad attachments to the 
lower thoracic and sacral vertebrae, the posterior iliac crest, 
and the external abdominal muscles. Although it is respon-
sible for adduction, extension, and rotation of the humerus, 
it is a completely expendable muscle in most patients as long 
as they have intact synergistic shoulder girdle musculature. 
Its dominant pedicle is the thoracodorsal artery and venae 
comitantes, which is a major branch off the subscapular 
artery. The thoracodorsal pedicle (2.5 mm in vessel size) 
offers reasonable length, approximately 8 cm, but this can be 
significantly extended if the distal portion of the muscle is the 
only tissue required. A reliable, large skin paddle can also be 
obtained, because there are extensive vascular communica-
tions to the overlying back skin.13 When a skin paddle is 
taken, the donor site can almost always be primarily closed. 
Whereas rotation of the muscle into the head and neck area 
can be done around the axilla with tunneling on top of the 
pectoralis muscle, it will extend only to the lower face and 
may potentially be compromised by compression of the over-
lying tissues. It is of far greater utility when transferred as a 
free microvascular flap (Fig. 20-10).

The latissimus dorsi free flap has numerous applications in 
reconstruction of the face. Over the past 20 years, it has been 
equally applied to the midface and the mandible with great 
reliability.14 Its wide muscular expanse makes it uniquely 
suited for extensive scalp replacement and calvarial coverage 
when combined with skin grafting. The reliability of its skin 
paddle can provide for reconstruction of large defects of the 
external skin cover, particularly in the lateral face. The patient 
position necessary for harvest does make it difficult for a 
simultaneous two-team approach, but the speed at which the 
flap can be raised makes this of little significance.

fREE RECTUS fLAP

The paired, vertically oriented rectus muscles of the abdomen 
provide another reliable donor source for vascularized tissue. 
This long, flat muscle, measuring about 6 cm in width and 
25 cm in length, is easy to harvest because of its constant 
anatomy, and this can be done simultaneously with facial 
work in a two-team approach. It lies within an anterior and 
posterior fascial sheath, and its dissection is complicated only 
by the release of the tenacious attachments of three sets of 
horizontal inscriptions. Although there are dual dominant 
pedicles, the inferior epigastric is always used because of its 
larger size, longer length, and easier dissection. Entering at 
the underside of the lateral surface of the muscle, the inferior 
epigastric is about 2.5 mm in diameter with a fairly short 
pedicle length of 4 to 5 cm.15 The length of the muscle typi-
cally makes the usable pedicle length longer than that of the 
actual vessels. A vertical or horizontally oriented skin paddle 
can be taken, but this is rarely done in facial reconstruction. 
The donor site, even if a skin paddle is taken, can always be 
primarily closed. Previous abdominal surgery with any hori-
zontal scar across the rectus territory precludes its use.

The musculocutaneous territories supplied by the inferior 
epigastric have their greatest use in breast reconstruction, but 

FIGURE 20-10  Latissimus dorsi flap. A, Muscle location. B, Size 
of muscle harvested through a lateral thoracic incision. 
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B
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external nasal skin replacement; its color and thickness are 
similar to those of the nose. The supratrochlear vessels are the 
dominant pedicle and supply the entire central forehead skin, 
including the frontalis, corrugator, and procerus. These 
vessels are a terminal branch of the ophthalmic artery; they 
are 1 mm in diameter and have a short (1-2 cm) pedicle 
length. Because this a rotational flap, these dimensions are of 
no significance other than to appreciate that the vessels 
emerge over the supraorbital rim deep to the frontalis and 
may easily be injured during dissection of the flap. The supra-
orbital vessels are a minor pedicle but should be preserved if 
possible. The base of the flap can be fairly narrow compared 
with the distal end and may be skeletonized down to the 
vessels to aid the 180 degrees of flap rotation that is usually 
required. The flap length is determined by the height of the 
frontal hairline; usually, at least 7 to 8 cm is necessary to cover 
the most distal nasal defects. With low hairlines, an oblique 
flap orientation improves flap length.

In extensive defects involving the nasal tip, columella, and 
upper lip, a “gull-wing” design at the distal end of the flap 
design is often used.18 In large nasal defects, tissue expansion 
of the flap itself should be avoided due to unfavorable post-
operative contraction. However, preoperative tissue expan-
sion lateral to the flap can aid greatly in donor site closure19 
(Fig. 20-13).

REGIONAL CONSIDERATIONS

CENTRAL fACE

Lower face and Mandible
The lower face and mandible is the facial area most frequently 
affected in severe gunshot wounds, which are usually 

FIGURE 20-11  Rectus muscle flap. This is the muscle raised on the 
superior pedicle that is not used for free tissue transfer (inferior pedicle). 
The length and width of the muscle can be appreciated, however. 

FIGURE 20-12  Serratus muscle flap. A, Thoracodorsal blood supply of the serratus muscle. B, The 
muscle can be long and narrow with a very long vascular pedicle. 

A B

muscle that originates from the outer surface of ribs 8 and 9 
and inserts on the ventral surface of the scapula. It has a dual 
blood supply from the lateral thoracic artery and branches of 
the thoracodorsal artery. Most commonly, the flap is based 
on the thoracodorsal branch as it emanates from the under-
surface of the latissimus dorsi, because it is easier to elevate. 
The serratus has very predictable anatomy and is easy to 
identify and dissect out between the lateral borders of the 
latissimus and the pectoralis, tracing the pedicle up into the 
axilla (Fig. 20-12).

PEDICLED fOREHEAD fLAP

The median forehead flap is primarily used for nasal coverage 
and reconstruction. The forehead is the single best source of 
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floor of the mouth, this dynamic soft tissue complex will 
sorely be missed and can only poorly, if at all, be replaced or 
reconstructed. At best, we can only replace the lining defect 
and possibly provide a mechanical dam that can aid in speech 
and deglutition.

The reconstruction of this submental injury includes 
restoring the continuity of the three major components that 
are usually lost: the lining, bony structures, and external 
cover. During the first procedure after the initial injury, 
obvious devitalized soft tissue should be débrided and bony 
stabilization of the flailed lateral mandibular segments carried 
out. This can be done with a reconstruction plate (preferably) 
or with an external fixator. It is perfectly acceptable to have 
the reconstruction plate exposed in the immediate postopera-
tive period, because the chin tissues may be missing. This 
poses no significant increase in the risk of infection, and its 
exposure will shortly be remedied by a free flap reconstruc-
tion. We prefer use of the reconstruction plate to an external 
fixator, which creates additional scarring in the uninjured 
lateral facial skin and is usually in the way for placement of 
the free flap and neck microvascular anastomoses.

Almost always, the use of free vascularized bone for ante-
rior mandibular reconstruction is desired as the second stage 
of reconstruction. This may follow the initial débridement 
and stabilization as soon as the patient is able, often within 
the first 10 to 14 days of hospital admission. Even in small 
segmental bone loss (<6 cm), vascularized bone offers numer-
ous advantages over any other method. Reconstruction can 
be performed immediately and regardless of the amount of 
soft tissue present; it does not rely on surrounding tissue 
vascularity for survival; it does not disturb other local anatomy 
and can offer a single-stage solution to the tissue loss problem. 
Bone donor options are essentially three: radius, scapula, and 
fibula. The fibula is preferred because it has ample bone and 
a long pedicle of good vessel caliber (particularly if only the 
distal portion is used). It can be shaped to some degree by 
selective osteotomies and is fairly easy to harvest because its 
anatomy is consistent with no significant postoperative 
morbidity.

The radius has much thinner bone of more limited quality 
and creates a very noticeable donor site. The scapula is an 

self-inflicted. This typical injury is produced when the patient 
fires under the chin with the neck hyperextended (Fig. 20-14). 
Usually, only the anterior lower and midface is blown off, 
resulting in a nonlethal injury. The lateral mandible with 
attached masseter and temporalis muscles are sufficiently 
posterior and internal that they often are spared and continue 
to provide excursion to the lower jaw. Loss of the anterior 
mandible and lip and their importance in breathing, speech, 
and mastication make destruction of this orofacial region a 
serious functional handicap. The functional abnormalities 
may be further aggravated if significant damage has occurred 
to the tongue and surrounding muscles that are attached to 
the anterior mandible. Bony reconstruction of the anterior 
mandible helps provide a stable suspension of the hyocervical 
musculature, whereas soft tissue reconstruction of the lip and 
chin allows oral continence to be restored. If significant 
tongue muscle is lost or severe scarring has occurred on the 

FIGURE 20-13  Median  forehead  flap.  A,  Maximal 
flap design of forehead flap. B, Raising of the flap design 
based on the supratrochlear vessels (red arrow). A B

FIGURE 20-14  Classic angle of gunshot impact from a self-inflicted 
injury. The flinch makes it a nonlethal wound but often eliminates much 
of the anterior facial structures. 

Flinch
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reality, these flaps look good in drawings but cannot reach 
the midline and often do not survive after transfer. The use 
of tongue flaps is appealing, because they can easily be 
drawn up over a reconstruction plate or anterior bony recon-
struction. However, they should be avoided, because they 
lead to speech and deglutition problems and induce the 
potential for future restriction in tongue mobility. For these 
reasons, the skin paddle of a vascularized bone transfer 
offers a versatile and robust fascial and skin composite 
reconstruction. All of the commonly used free bone flaps 
previously described can be used as composite flaps with 
fascia and skin if desired.

excellent source of vascularized bone, but it can be more dif-
ficult to harvest and precludes simultaneous work on the face 
and back because of positioning needs (Fig. 20-15).

Repair of the lining deficit is often ignored or not consid-
ered important, but such deficits frequently cause late func-
tional disturbances. The loss of lining is usually greatest 
between the lip and anterior mandible. This poses great 
problems for the long-term stability of any reconstructed 
vertical lip height and for a pliable separation from the alve-
olus if dental restoration must be done and hygienically 
maintained. In theory, elevation and rotation of surrounding 
oral and buccal mucosa can provide some coverage. In 

FIGURE 20-15  Free  fibular  flap  reconstruction  of  a  composite 
lower facial defect caused by a self-inflicted gunshot wound. A, The 
patient transferred in with loss of middle and lower facial structures; 
the mandibular defects had a spanning reconstruction plate in place. 
B,  The  lower  facial  defect  is  exposed,  and  the  old  reconstruction 
plate is removed. C, Fibular donor site with composite flap. The bone 
has been osteotomized and shaped according to a template from a 
new reconstruction plate. 
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Such injuries to the midface are the most difficult of  
all facial injuries to reconstruct because of the shape and 
contour of the component parts. Many small and delicate 
bone and soft tissue elements are present, as are a labyrinth 
of air spaces, cavities, and canals. Reconstruction of the  
lining of these delicate structures can, at times, be an impos-
sible task. Whereas the lining of the upper aerodigestive  
tract can fill in rather quickly with granulation tissue from 
neighboring areas, the ultimate result is collapse of the overly-
ing soft tissue and complete obliteration of nasal breathing 
and sinus drainage. The presence of these air-filled cavities 
throughout the midface also imposes an increased risk of 
postoperative infection and makes it very difficult to build 
anatomical structures on top of such cavities. Reconstructive 
efforts are also complicated by the prominent position of  
the midface with the protruding and individualized nose, 
which is such an important element in the recognition of 
one’s face.

The typical gunshot wound creates a cone of injury which, 
after cautious débridement, leaves a large central facial defect 
without support. With smaller defects and limited soft tissue 
loss, immediate reconstruction with free bone grafts and local 
coverage can be done. However, this is the exceptional case. 
Most of these defects involve significant tissue loss, making 
this approach impractical. Even those midfacial defects that 
appear small are almost always missing important lining of 
the mouth or nose that is certain to ultimately compromise 
any limited approach. The absence of lining and the presence 
of the sinuses and open communication with the mouth and 
nose make it mandatory to both control the wound and 

Midface
The midface is often impacted obliquely from an inferior 
angle due to a submentally directed gunshot. A direct midface 
impact is seldom seen, because this is usually a lethal injury 
(Fig. 20-16). Midface wounds are frequently part of a con-
comitant pattern of tissue loss that includes the anterior man-
dible, lip, and chin as well as the upper lip, anterior maxilla, 
and nose.

FIGURE 20-16  Midfacial avulsion caused by  the patient’s being 
struck by a flying tire cleat  from a racecar  that struck  the wall. Such 
a nonlethal but composite midfacial avulsion injury is very rare. 

D E

D, Frontal view of free fibular flap in position with leg skin used for chin 
and submental skin replacement. The skin color and texture never match, and this has to be accepted. 
E, Lateral view of reconstruction. 

FIGURE 20-15, cont’d
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muscle cuff on the fibular bone rapidly becomes covered with 
mucosa (see Fig. 20-17D). If more lining is needed, a skin 
paddle of more than adequate dimensions can be carried with 
the bone, although this is often quite bulky in the limited 
confines of the midface and mouth. This bone also provides 
excellent bone stock into which endosseous implants can be 
eventually placed (see Fig. 20-17F).

With moderate tissue loss from midfacial gunshot wounds, 
some portion of the upper or lower lips is usually involved or 
missing. This is far more common than a midfacial injury 
without lip involvement. Reconstruction of this composite 
midfacial wound must provide not only bone and lip 

replace lining and bone. This is best done, simultaneously or 
through various stages, with vascularized tissue.

In smaller facial gunshot wounds, the entrance wound is 
usually more diminutive than the amount of internal hard 
and soft tissue loss. In these cases, the nose is often spared, 
and the defect is primarily intraoral. The thin bone of the 
maxilla and the tight tissue of the alveolus and vestibule make 
transfer of any local tissue difficult. Vascularized fibula works 
well for replacement of missing maxilla (Fig. 20-17). It offers 
a long pedicle that is ideal for reaching the neck vessels by 
tunneling subcutaneously from the facial wound into the 
neck. A skin paddle usually is not necessary, because the 

A

B

D

C

FIGURE 20-17  Loss of anterior maxilla with large oronasal com-
munication  caused  by  a  submentally  directed  .38-caliber  handgun 
injury. An anterior mandibular fracture resulted but without any sig-
nificant  bone  loss.  The  bullet  lodged  in  the  frontal  sinus  without 
intracranial injury. A, Entrance site of bullet wound on day of injury. 
B,  Missing  anterior  maxilla  and  oronasal  communication  10  days 
after débridement of lost bone and teeth. C, Free fibular bone transfer 
using the very distal end of the bone and discarding the skin paddle, 
thus  creating  a  very  long  vascular  pedicle.  D,  Three  months  after 
reconstruction, the muscle over the bone is completely covered with 
mucosa. 
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E F

E, Lateral facial view with reasonable horizontal projection taken 3 months 
after surgery. f, Two-year postoperative radiograph showing cross-section of fibular bone in the anterior 
maxilla. 

FIGURE 20-17, cont’d

replacement but also a vestibule. In some instances, one lip is 
left relatively unaffected (ideally, the lower lip), allowing an 
eventual cross-lip transfer, which is the best solution to any 
upper lip and vestibule problem. Reconstruction takes place 
in two major stages: an initial microvascular bone flap for 
replacement of the missing maxilla, followed by a regional 
cross-lip transfer (Fig. 20-18). If the amount of missing upper 
lip is significant (50% or more) or the lower lip is concomi-
tantly damaged, lip reconstruction may have to be done by 
incorporating the lip replacement from the skin paddle of the 
microvascular transfer.

In larger midfacial defects, particularly if some or all of the 
nose is missing, the provision of lining can present a tremen-
dous challenge in reconstruction. Failure to provide adequate 
lining may leave areas of bone exposed, increasing the chance 
of infection and loss of tissue; it can increase the scarring and 
resorption of normal cavities and overlying tissue; and it can 
produce unwanted retraction and contraction of the midface, 
which may later prove difficult to resolve. Local flaps and skin 
grafts may be effective in more limited cases, but the amount 
of lining required usually makes these a poor option.

In these cases of severe midfacial tissue loss, one should 
think about either vascularized obliteration of the base of the 

midfacial defect or extensive vascularized replacement of 
missing bone and soft tissue. In vascularized obliteration, the 
sinuses and nasal airway are replaced with vascularized 
muscle or fat to initially control the wound and allow it to 
heal (Fig. 20-19). The previous placement of a tracheostomy 
tube obviates any need for a patent nasal airway, at least in 
the short term. This also allows bones to heal after the fixation 
of fractures or the placement of bone grafts across the maxilla, 
zygoma, or orbital floors or rim.

The latissimus dorsi or rectus muscle provides excellent fill 
of the midface, but the sheer bulk of muscle mass requires 
that the facial skin be split for passage of the muscle and its 
pedicle into the neck (see Fig. 20-19C, and D). The length of 
pedicle needed to traverse the midface to the neck limits the 
number of free flap tissue options. The omentum is also an 
excellent choice for fill, and its very pliable, amorphous form 
allows it to fill all midfacial cavities. Its slender pedicle permits 
creation of a subcutaneous tunnel into the neck without a 
facial split. With these flaps, the risk of infection is dramati-
cally reduced, and a vascularized base is established onto 
which the anterior maxilla, upper lip, or nasal reconstruction 
can be based. This does not mean that a future free or pedi-
cled flap reconstruction will not be needed; it simply provides 
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FIGURE 20-18  Loss of left hard and soft midfacial tissue caused 
by an accidental gunshot wound from a tangential direction. Recon-
struction was done in three stages: an initial débridement and bone 
stabilization,  a  microvascular  bone  flap,  and  a  cross-lip  transfer.  
A,  Facial  injury  as  seen  in  the  emergency  room.  B,  First-stage 
débridement  and  stabilization  of  remaining  maxillary  segments.  
C,  Second-stage  (7  days  later)  free  fibular  bone  flap  using  only 
the distal end with no skin paddle. D, Frontal facial view obtained 
6 months after surgery. 
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E,  Adequate  reconstruction  of  maxilla 
and  coverage with mucosa. f,  Residual missing  upper  lip. G,  The 
missing upper lip segment is excised as an esthetic unit. H, Intraopera-
tive flap placement with separation of the pedicle 2 weeks later. 

FIGURE 20-18, cont’d

Continued
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tip of the framework. Because of decreased resorption poten-
tial, we prefer cartilage rather than bone for the majority of 
the framework whenever possible. This requires rib harvests 
from the free-floating ninth and eighth ribs, which are easy 
to harvest. It is important to recruit or wrap any surrounding 
vascularized tissue around the framework to eliminate non-
vascularized dead space underneath the graft 
reconstruction.

The more difficult challenge is in the reconstruction of the 
nasal skin cover, which frequently includes part or all of the 
upper lip also. For smaller defects of nasal cover, the pedicled 
forehead flap remains the most ideal option. It has the best 
color match, is fairly similar in skin texture and thickness 
(albeit slightly thicker in most patients), and is easy to harvest, 
with a very predictable survival. Its use frequently involves a 
three-stage procedure: transfer, separation of the pedicle 
weeks later, and eventual revision of the transferred tissue or 
donor site or both (Fig. 20-23). This method is almost always 
available in facial gunshot wounds, because the forehead is 
usually spared from the blast. The donor site is left with a 
vertical scar, which initially seems undesirable given that it 
may be one of the few esthetic facial units that has not been 
violated by the initial injury. However, with eventual fading 
and blending, the scar usually looks surprisingly good, even 
if the forehead donor wound cannot be completely closed 
after harvest.

One helpful maneuver is the use of tissue expansion before 
forehead flap transfer. This is done not to create more tissue 
for transfer but to help close the midline forehead defect. 
Preexpansion of the forehead flap itself intuitively seems 
helpful but will only result in a nasal skin reconstruction that 
ultimately undergoes significant contraction. Tissue expand-
ers should be placed outside the outline of the flap to expand 
the residual forehead tissue. This allows a very large flap to 
be taken and still permits primary closure of the forehead. 
This is particularly useful in total nasal reconstruction. It is 
important also not to forget the importance of nasal lining 
and coverage of the framework from an intranasal stand-
point. Failure to do so results in eventual extrusion, infection, 
and loss of the framework.

early control of the open facial wound until secondary facial 
reconstruction can be carried out (Fig. 20-20). This is particu-
larly useful in patients with very large facial wounds and in 
those whose mental status is not yet clear. Attempts to rees-
tablish a nasal airway can be done secondarily, as the final 
midfacial reconstructive procedure, through the use of a 
nasal stent or trumpet around which a skin graft is wrapped 
and passed through the vascularized muscle or fat to the 
posterior choana.

In other patients, a more anatomically based free flap 
reconstruction of the midface can be done early. This works 
best when the midfacial defects are not massive, the facial 
wounds are clean, the viability of adjacent tissue margins is 
clear, and the mental status of the patient is more defined. 
Free flap reconstruction of midfacial defects often involves 
very clever flap designs and well planned patterns for tissue 
replacement20-22 (Fig. 20-21). Much of this technique has been 
learned from oncological resection of the midface, where one 
flap does not fit all defects. The composite creation of palatal-
maxillary-orbital bone and soft tissue fill or lining, or both, 
requires preoperative design of the flap components, which 
must then be properly traced out for the flap harvest. This 
design must be done with the location and orientation of the 
vascular pedicle in mind to avoid a major surprise when the 
tissue is transferred to the face. Although no one flap can be 
universally applied, scapular and fibular osteocutaneous 
composite flaps are most commonly used.20 They offer ade-
quate bone and attached soft tissue, which can have a different 
arc of rotation from that of the bone. This is a particular asset 
in the scapular flap, because a bipedicled flap design can be 
created.

The reestablishment of a nose depends on recreating a 
support framework of cartilage and bone and an external skin 
cover. With severe loss of lining, the placement of these struc-
tures is highly dependent on having a vascularized base onto 
which they can be placed. The rebuilding of the nasal frame-
work is fairly straightforward, and either bone or cartilage 
may be used to make an L-strut with lateral support (Fig. 
20-22). Lateral alar support is important to prevent the even-
tual skin coverage from contracting completely around the 

I, Facial view 1 year after  injury. J, Submental view 1 year after  recon-
struction  demonstrates  midfacial  projection  and  restoration  of  lip  contours.  Further  orbital  and  scar 
revision work is planned. 

I J

FIGURE 20-18, cont’d
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FIGURE 20-19  Self-inflicted gunshot wound to the face with loss of all central midfacial and lower 
facial structures. The patient was transferred in with a nasal trumpet in place and the skin closed around 
it. First-stage reconstruction was done with a vascularized muscle fill of the entire midface. A, Preopera-
tive frontal facial view. B, Preoperative lateral facial view. C, Facial split with latissimus muscle flap in 
place and vascular anastomoses in the neck. D, Superior view of vascularized muscle fill of the midface. 
E, Healed midfacial wound  is  now  ready  for more definitive  reconstruction of  the middle and  lower 
face. 

A
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FIGURE 20-20  Vascularized obliteration of midfacial avulsive defect. A, Preoperative frontal facial 
view of  the same patient as  in Figure 20-16. B, Three-dimensional computed tomographic scan dem-
onstrates the extent of midfacial bone loss. C, One month after surgery, facial view shows well-healed 
skin graft overlying the muscle flap. 

A

B

C
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FIGURE 20-21  Accidental shotgun wound to the central face in a teenager was initially reconstructed 
with a composite free flap for concomitant maxillary and mandibular reconstruction. A, Appearance in 
the  emergency  room.  B,  Appearance  after  initial  débridement  and  bone  stabilization.  C,  Three-
dimensional  computed  tomographic  scan  demonstrates  extent  of  midfacial  bone  loss.  D,  Design  of 
first-stage free flap reconstruction using a long fibular flap. A bone gap is created in the middle so that 
the flap can be turned to fill both the maxillary and mandibular defects, with the skin paddle covering 
the external nasal skin defect. E, Intraoperative flap positioning with vessels anastomosed in the neck. 

A C

B

E

D

Continued



388 C HA P T E R 20 Reconstruction of Large Hard and Soft Tissue Loss of the Face

long vascular pedicle, which must reach into the neck. 
Minimum pedicle lengths of 12 to 15 cm are needed. The 
radial forearm fasciocutaneous free flap is probably the first 
choice, because it best fulfills these requirements. Despite the 
color and texture differences, it produces good coverage of 
nasal frameworks (Fig. 20-24). Multiple revisions will ulti-
mately be necessary for shaping, contouring, and the place-
ment of nostrils. Other available free flap options exist, such 
as serratus muscle and scapular fascial flaps, but these require 
skin grafts because their cutaneous components are too large 
and bulky to be useful for nasal cover.

With orbital involvement, the typical reconstructive prob-
lems are re-creation of the orbital lining after enucleation due 
to a penetrating injury to the globe and secondary correction 
of vertical dystopia resulting from the loss of bony support 
due to missing floor or walls. In most gunshot wounds involv-
ing loss of the globe, the eyelids are still present, and the issue 
is to provide some vascularized fill of the intraorbital space 
that will eventually accommodate a prosthesis. If the intraor-
bital defect is fairly isolated, options include a pedicled tem-
poralis musculofascial flap (Fig. 20-25) and a small free tissue 
transfer such as a radial forearm flap (see Fig. 20-24). The 
temporalis flap is appealing because of its proximity and ease 
of harvest; however, it provides a limited amount of tissue fill, 
because the very distal end of the flap consists of fascia alone 
and is often sufficient only for creating lateral orbital lining. 
In many cases, however, this flap provides enough vascular-
ized lining to line the orbital floor, cover bone grafts, and 
allow placement of a skin or mucosal graft, and it may provide 
enough to allow an orbital prosthesis to be made. Donor site 
morbidity is minimal other than the temporal scar from the 

FIGURE 20-22  Nasal  framework  reconstruction  using  cranial 
bone (A) or rib cartilage (B). 

A

B

f,  Radiographic  appearance  of  bone 
placement  1  month  after  surgery.  G,  Facial  view  3  months  after 
surgery.  The  patient  still  requires  nasal  framework  placement,  skin 
shaping, and upper and lower lip reconstruction. 

F

G

FIGURE 20-21, cont’d

If total nasal reconstruction is needed, particularly if por-
tions of the upper lip are also missing, the amount of tissue 
from the forehead can be inadequate. In these circumstances, 
coverage of a nasal framework with a free tissue transfer is 
often the only option. Donor requirements are a thin fascio-
cutaneous or muscle flap (which requires a skin graft) and a 
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FIGURE 20-23  Total  nasal  reconstruction  with  a  forehead  flap  in  a  patient  with  a  self-inflicted 
gunshot wound. A, Preoperative appearance 6 months after the initial injury. B, Forehead flap design. 
C, Rib graft nasal framework reconstruction. D, Flap coverage of the nasal framework with the pedicle 
turned 180 degrees. 

Continued
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completely obvious. Bone grafting is another viable method, 
but the amount of graft needed can often be deceiving, and 
some form of graft fixation is still required. For orbital defects 
of poor tissue quality with an underlying open sinus expo-
sure, titanium mesh is probably best, because it is very well 
tolerated even when exposed and predictably maintains the 
elevation of the globe. In certain cases in which the bullet has 
passed through the maxilla and obliterated the pillars, the 
entire orbital box shifts down as a result of orbitomalar dis-
placement. In these patients, an osteotomy and repositioning, 
with or without bone grafting, may be done (Fig. 20-27). This 
approach is superior to globe elevation by floor reconstruc-
tion alone, because it more effectively addresses the lack of 
malar projection and lower eyelid support.

One specific issue with orbital reconstruction in facial 
gunshot wounds is the frequent need for eyelid repositioning 
and reconstruction. As the globe elevates, the eyelid often 
does not follow because of scar contracture or actual loss of 
lid tissue. The liberal use of canthal reconstructions and 
release and full-thickness skin grafting on the lower lid are 
often needed. One should resist the temptation to simply pull 
up the lower eyelid through the medial or lateral canthus, 
particularly if the amount of movement is significant. This 
would result in postoperative ectropion. Most significant 

coronal incision and the potential for temporal hollowing if 
a large amount of muscle is taken with the fascia. For larger 
defects or if the ipsilateral temporal region is also damaged, 
free vascularized tissue is needed. The radial forearm flap can 
provide more than adequate soft tissue and skin for the orbit 
and is the preferred choice in many of these more complex 
orbital cases (Fig. 20-26).

In cases of vertical dystopia, repositioning and reconstruc-
tion of the bony box is the main method of correction. This 
is usually accomplished by completely rebuilding the orbital 
floor and rim, which is best done with autologous cranial 
bone or alloplastic materials. Proponents exist for each 
method, but the patient’s anatomy and problem must be care-
fully considered. If there is good vascularized tissue around 
the orbit and the sinus is obliterated, any autologous or allo-
plastic method can work with a low risk of infection. Tita-
nium mesh is commonly used, because it is easily adapted 
and can be secured to the surrounding bone. Autologous 
cranial bone may or may not be combined with it, although 
the need for bone grafting with a rigid titanium mesh that 
reestablishes and secures the intraorbital volume is not 

FIGURE 20-24  Total nasal  reconstruction using vascularized  fas-
ciocutaneous cover. A, Nasal framework fabricated from rib cartilage. 
B, Radial fasciocutaneous free flap harvested with a vascular pedicle 
located at the inferior end. 

A

B

E,  Three  months  after  surgery,  there  is 
secondary healing of the central forehead defect. Further revisions still 
are needed. 

E

FIGURE 20-23, cont’d
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after skin entrance, the bullet strikes bone, causing a com-
minuted fracture and changing the path of the bullet. Recon-
struction in these cases focuses on bony reduction and 
stabilization, because the entrance and exit sites are small 
(Fig. 20-28). Small amounts of tissue loss, either intraoral 
lining or external skin cover, can be tolerated, because local 
tissue rearrangement can be done and may permit the place-
ment of free bone grafts (Fig. 20-29). Loss of intraoral lining 
is less well tolerated than loss of external skin cover. Oral 

movements require more lower eyelid tissue, which is 
obtained by full-thickness skin grafting or interposition of 
more tissue through a temporalis fascial flap.

LATERAL fACE

The side of the face provides a less complicated array of ana-
tomical structures and contours, and the tissue loss is some-
what simpler to reconstruct. Many single-bullet injuries to 
the face do not result in large hard or soft tissue loss. Shortly 

FIGURE 20-25  Pedicled  temporalis  fascial flap for orbital  lining. 
A, Harvest  of  the  temporalis  fascial  flap. B,  Extent  of  fascial  reach 
through the orbit. C, Amount of thin fascial tissue that can be gained 
for intraorbital lining. 
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B
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FIGURE 20-26  Orbital  reconstruction  with  vascularized  skin. 
A, Preoperative appearance of healed temporo-orbital gunshot wound 
with significant  loss of hard and soft  tissues. B,  Intraoperative place-
ment of small radial fasciocutaneous flap into orbit after frontotemporal 
cranioplasty. C, Result 3 months after surgery. 
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firearm discharges occur at close range, the amount of com-
posite destruction is significant. Even if large soft tissue loss 
has not occurred, the blast effect from the bullet frequently 
damages surrounding bones, including the maxilla and 
zygomatico-orbital complex (see Figs. 20-29A and 20-31B).

Many lateral facial defects involve through-and-through 
wounds with moderate to large mandibular bone defects. The 
loss of inner and outer lining obviates any successful efforts 
at free bone grafting. The use of free fibular or scapular flaps 
with a skin paddle oriented to the side with the greatest lining 
loss is the most common method of immediate reconstruc-
tion in these cases. Although the skin paddle does not produce 
a good color match with the surrounding facial skin, it pro-
vides ample coverage for most defects (Fig. 20-30). The rela-
tively flat contour of the lateral face makes shaping and 
positioning of the flap almost two-dimensional, rather than 
a three-dimensional effort. In very large composite defects, 
the amount of internal and external lining needed may make 
even these free flaps inadequate (Fig. 20-31). In such cases, a 
large soft tissue flap can be placed initially to establish exter-
nal coverage, which usually involves the greater amount of 
surface area loss. Once the wound has been controlled, a 
second free flap can be placed to reconstruct the lost bone 
and internal lining.

Many lateral facial wounds result in direct injury to facial 
nerve branches. This typically involves the buccal and mar-
ginal mandibular branches, sparing innervation to the frontal 
and orbital areas. Primary nerve repair is usually impossible 
due to the blast injury, and early nerve grafting is difficult 
without adequate soft tissue coverage and an ability to find 
the distal ends of the nerve. Secondary nerve or muscular 
reconstruction is rarely done, because restoration of facial 
movement in the injured area is prohibited by the transplan-
tation of reconstructed tissue and the resultant surrounding 
scar.

PROSTHETIC RECONSTRUCTION

The severity of tissue loss and the complexity of facial struc-
tures, particularly in the midfacial area, make reconstruction 
of extensive defects an almost overwhelming challenge. The 
practicalities of access to experienced and expert surgical 
care, the economics and physical stamina required to undergo 
a large number of surgical procedures, and the age and 
medical and mental status of the patient raise certain philo-
sophical questions. Most pertinently, how far should one go 
in providing autogenous reconstruction? Autogenous tissue 
has limitations in the formation and detail that can be 
obtained in certain facial features. Prostheses, when fabri-
cated by skilled anaplastologists, provide an unparalleled 
artistic replication of the patient’s lost facial features. The 
development and refinement of osseo-integrated implant 
techniques have enabled prosthetic replacement to be a viable 
alternative or, more commonly, an adjunct to the reconstruc-
tion of complex facial loss. Osseo-integrated prosthetic 
reconstruction has certain advantages, such as a more limited 
surgical burden on the patient, but is not without its own level 
of demand for a good outcome. Most importantly, there must 
be an adequate amount of bone volume and density at key 
locations to allow implants of proper length and orientation 
to be placed so that the prosthesis is stable and does not 

lining loss results in scar contracture, decreased oral opening, 
and difficulty with subsequent dental rehabilitation. External 
skin loss results in undesirable visible scarring but does not 
usually cause serious functional handicaps.

The ratio of bone mass to soft tissue is greater on the side 
of the face, and for this reason bullets do not often traverse 
the entire width of the face, particularly in the lower third, 
due to the presence of the mandible. Shotgun wounds, 
however, spare little in their path. Because almost all of these 

FIGURE 20-27  Repositioning of  the orbital  box  through osteoto-
mies. A, Preoperative facial view of severe orbital dystopia caused by 
loss  of  left  maxillary  support  from  a  gunshot  wound.  B,  Osteotomy 
design, cranial bone grafting, and plate and screw fixation. C, Result 
6 months after surgery. 
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B
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FIGURE 20-28  Gunshot wound to the lateral face that struck the mandible with no soft tissue deficit. 
A,  Preoperative  lateral  facial  film. B, Comminution and  loss  of  inferior  bone of  the mandible  body. 
C, Because  there was good soft  tissue cover,  immediate reconstruction with bone fragments and iliac 
marrow was performed. D, Facial view 3 months after surgery. E,  Lateral  facial view 3 months after 
surgery. f, Radiographic appearance 3 months after surgery. 
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controversy exists regarding the timing of this reconstructive 
procedure. Should the procedure be done early (e.g., within 
the first few days to weeks), or should it be delayed for 
several weeks to months? Given the risk of a large opera-
tion and the limited available flap options in the body, an 
argument can be made for delaying vascularized reconstruc-
tion until a more ideal time, but this time is not often 
defined. Given that most of these facial injuries occur in 
healthy patients with noncompromised necks (i.e., no previ-
ous surgery and no irradiation), the initial vascularized 
reconstructive procedure should probably be done after the 
patient is stable, the viability of the tissue margins is fairly 
obvious, and the status of vital functions within the field 
(brain function and vision) is fairly well defined. In some 
cases, these issues are known within the first few days after 
the injury.

For patients with large composite tissue loss in the face, 
little controversy exists regarding the use of microsurgical 
techniques, given the lack of other viable treatment options. 
With smaller defects, particularly those that involve small 

produce any significant amount of rocking or torque on the 
bone fixtures. Adequately thin attached tissue around the 
abutments and adequate access for maintenance are also 
required.

In most cases, prosthetic reconstruction of severe facial 
defects is not a simple choice between reconstruction with 
autogenous tissue or a prosthesis supported by osseo-
integrated implants. Although each of these approaches has 
advantages and disadvantages, both are frequently needed 
and can be combined in stages. The defect is usually recon-
structed initially with a vascularized osseous or osseocutane-
ous flap, followed secondarily by implant placement.23,24

CONTROVERSIES

The concept of reconstruction of severe facial wounds involv-
ing large tissue loss with vascularized tissue is well accepted 
and commonly used today; there is no other satisfactory 
method of reconstruction in these cases. However, some 

FIGURE 20-29  Gunshot  wound  to  the  lateral  face  with  minimal  loss  of  overlying  soft  tissue. 
A, Three-dimensional computed tomographic (3-D CT) scan shows obliteration of the left ramus of the 
mandible. B, Reconstruction with plate and iliac marrow. C, Postoperative panoramic tomographic view. 
D, Postoperative 3-D CT scan shows good alignment of the condyle and ramus. (Courtesy of Dr. Anders 
Westermark, Stockholm, Sweden.)
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because the complex anatomy of the nose can be put together 
in pieces at a distant site first, before being transferred to the 
face, where such manipulations are more difficult. This 
concept has also been used clinically for other complex facial 
areas, such as extensive midfacial defects.25 Despite its theo-
retical advantages and reported successes in selected clinical 
cases, the actual use of prefabrication is more difficult and 
often less satisfactory than one would envision. It is a concept 
that clearly has merit but is not yet ready for universal appli-
cation. Many composite tissue free flaps, if properly designed, 
can achieve the desired reconstructive goals in one operation 
rather than two. Furthermore, the reverse of prefabrication 
can be done very successfully—that is, placement of vascular-
ized soft tissue first, followed by free bone grafting 
secondarily.

The role of prosthetic (alloplastic) as opposed to autoge-
nous reconstruction must be considered in both primary and 
secondary efforts. The tremendous surgical effort and exper-
tise, patient endurance and tolerance of numerous operations 
over a prolonged period, the economic and resource costs, 
and the esthetic quality of the final facial result make a pros-
thetic replacement a viable option in selected patients. The 
use of endosseous implants for attaching oral and facial pros-
theses overcomes the traditional problems associated with 
glues and dental anchorage methods. Which patients with 
large facial defects should receive this therapy is open to 
debate, and numerous factors must be considered in addition 
to defect size and location.

mandibular segments, the issue of nonvascularized versus 
vascularized reconstructive techniques is often encountered. 
In most patients with large traumatic facial wounds, the 
tissues were noncompromised before the injury, so the use of 
bone grafts should have the potential for near-normal healing. 
The type of bone graft required is usually determined by the 
amount of soft tissue loss. Without an adequate soft tissue 
cover, free bone grafts often become exposed, leading to 
partial or complete graft loss. The soft tissue concern has 
principally to do with the intraoral lining. With small losses 
of mucosal lining, it may be possible to recruit enough local 
tissue to obtain reconstructive cover. Even if this results in 
loss of vestibular depth, secondary correction through release 
and skin grafting can be done after the free graft has revas-
cularized and undergone osseous healing. This approach 
becomes increasingly inadequate as the amount of missing 
lining increases.

The concept of prefabrication of a flap transfer is based on 
the use of delay procedures and interposition of specialized 
vascularized tissue in certain areas of the body, from which a 
frame or pattern can be made that will simulate the complete 
tissue needed in another region of the body. This is best illus-
trated by nasal replacement, in which the nose, complete with 
lining, bone, and skin, can be initially constructed on the 
forehead, forearm, back, or abdomen. After maturity, the 
nose is harvested on a vascularized pedicle that has been 
relocated into the area and is then transplanted to the face by 
microvascular surgery. This concept has obvious appeal, 
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FIGURE 20-30  Gunshot wound  to  the  lateral  face with  loss  of 
posterior  body  and  ramus  of  the mandible  and  external  skin  loss.  
A,  Preoperative appearance 2 weeks after  injury. B,  Preoperative 
computed  tomographic  appearance. C,  Reconstruction with  a  free 
fibular osteocutaneous flap. (Courtesy of Jeffrey Wagner, MD, India-
napolis, In.)
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FIGURE 20-31  Gunshot  wound  to  the  left  face  with  intraoral 
entrance  site.  A,  Preoperative  appearance  at  time  of  transfer,  2 
weeks after injury. B, Three-dimensional computed tomogram shows 
loss of the entire ramus of the mandible and disruption of the zygo-
matic  complex.  C,  First-stage  reconstruction  with  a  free  latissimus 
musculocutaneous flap (design on back). D, Plate fixation of fractures 
and  temporary  alloplastic  (metal)  reconstruction  of  mandibular 
segment before flap inset. 
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was once used only for simple bone and soft tissue injuries; 
the idea of transferring part or almost a whole face is a 
relatively new concept in maxillofacial surgery. Use of tissue 
transplantation in functional organs such as kidney and 
heart is well established, and the ongoing evolution of 
microsurgical tissue transfer has made face transplantation 
a reality.

fACE TRANSPLANTATION

BERNARD DEVAUCHELLE

One of the most exciting developments in facial reconstruc-
tion is that of face transplantation. Free tissue transplantation 

E, Latissimus flap inset over bony reconstruction. f, Immediate postopera-
tive  radiographic  appearance. G,  Second-stage mandibular  reconstruction was  performed 6 months 
later with a free fibular osteocutaneous flap. Skin was used for intraoral  lining. H, Postoperative pan-
oramic tomogram. I, Nine months after a second free flap reconstruction, scar revisions and skin flap 
adjustments are needed, but good, well-vascularized tissue is present. 
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FIGURE 20-31, cont’d



also extend deeper to include the middle part of the man-
dibular arch, which is used to restore the bone support to the 
chin; this is the type IB allograft (B = bone). The mandibular 
bone segment is vascularized by the periosteal network of the 
two submental arteries, which are connected in the area of 
the mental foramina with the inferior alveolar arteries. The 
submental vessels must therefore be included and left undam-
aged when the type IB graft is harvested. Consequently, this 
graft contains an additional skin surface corresponding to the 
submandibular region next to the hyoid bone.

The midfacial allograft (type II) contains the nose, upper 
lip, cheeks, and muscles elevating the oral cavity; it is raised 
equally on the right and left facial pedicles. Although it can 
consist of soft tissues only (type IIA), it usually includes  
the anterior part of the maxillae and zygomatic arches  
and a variable segment of the anterior palate (type IIB). Its 
sensitivity is restored by the infraorbital nerves (V2), and its 
motor reinnervation relies on restored continuity of the zygo-
matic and buccal rami of the facial nerve (VII), if possible, 
along with that of the buccal nerves (V3) if tonicity to the 
buccinator muscles is to be restored. Depending on the extent 
of the defect to be reconstructed, the allograft may be  
very wide, extending on both sides of the midline, or it  
may be unilateral. In some cases, it can be more or less 
extended downward, toward the lower portion of the cheek 
(Fig. 20-32).

The upper facial allograft (type III) includes the superficial 
planes of the forehead, eyelids, and root of the nose and the 
deeper planes of the frontalis, glabellar, and orbicularis oculi 
muscles. It is raised on the two superficial temporal pedicles 
and on the supraorbital sensory nerves (V1). Deep dissection 
of the allograft around the palpebral sulci must include the 
preseptal and periosteal anastomotic vascular circle around 
the orbital rim in order to incorporate the shunts connecting 
the intracranial and extracranial vascular networks. Restora-
tion of palpebral blink activity is delicate but may be medi-
ated by restoring the continuity of the frontal and zygomatic 
branches of the facial nerves (VII). To date, this segmental 
transplantation model remains theoretical, because it has 
never been implemented clinically.

Unlike the three composite transplants just discussed, 
which are segmental and are linked to large functional neu-
rovascular territories of the face, the total facial skin allograft 
(type IV) is a purely segmental transplant that is designed to 
restore, in a single segment, the cutaneous cover of the whole 
facial mask and a variable portion of scalp, according to its 
laboratory description. It is vascularized by the two facial and 
superficial temporal pedicles, which are harvested separately 
or in a continuous fashion along the external carotid and 
jugular axes. It is pierced by three artificial orifices for the 
nostrils, lips, and eyelids and can be likened to a carnival 
mask placed over a face in which all of the deeper functional 
structures are supposed to be intact and able to adhere to the 
deep surface of the facial allograft. It does not, therefore, have 
any intrinsic motor activity, and was not initially described 
as sensate. However, it now seems technically possible to 
reinnervate the cutaneous surface of a type IV allograft by 
using a deeper dissection plane to include the three segmental 
terminal branches of the left and right trigeminal nerves. The 
name full face allograft, often suggested to describe this trans-
plant, is therefore somewhat erroneous and inaccurate. 
Although it covers a wider area than segmental allograft types 

Clearly, face transplantation is an extension of free tissue 
transfer procedures. The important additional complications 
are the need to ensure motor and sensory innervation and  
to prevent rejection. Prevention of rejection consists of a 
highly specialized treatment regimen undertaken by internal 
medicine physicians who specialize in transplantation; it will 
not be discussed further in this surgical text.

Composite facial replacement is currently limited to 
patients with the most severely traumatized faces, those dis-
figurements in which tissue loss is so great that conventional 
facial reconstructive methods fall far short of the mark. These 
“facial cripples” have historically been relegated to numerous 
and ongoing inadequate reconstructive attempts and usually 
live at the outer margins of society. Nothing short of a face 
transplant will suffice in some cases.

Face transplants are allotransplants, coming from other 
humans, and should be considered a facial reconstruction 
only if there is restoration of motor and sensory function. The 
first aim of such surgery is functional rehabilitation of the 
face, taking it beyond just restoration of facial shape. Esthetic 
reconstruction should be considered only in its broad 
meaning, including normal facial expression.

ANATOMICAL CONDITIONS fOR fACE 
TRANSPLANTATION

Anatomical consideration in terms of the vascular indepen-
dence of each esthetic zone is the first condition of the pro-
cedure, as it is with other flaps. The facial vascular supply is 
from the external carotid artery. The vascular territory anas-
tomoses with the internal carotid artery; less known is the 
vascular anastomosis network of the facial artery with the 
internal maxillary artery.

The very rare reported cases of face transplantation 
confirm the main role of the facial artery. This supply is thor-
oughly assessed for the middle and lower face without any 
consideration for skeletal structures. Techniques are com-
pletely different according to the necessity to re-anastomose 
the facial vessels, the temporal vessels, or the whole external 
carotid artery system. The anatomy of these allografts can be 
described by their topographical division into five types.

The lower central facial allograft (type I) includes harvest-
ing the donor’s nose, lips, and chin from the cutaneous surface 
to the deep mucosa. The graft is vascularized by the two facial 
pedicles, which are dissected down to their emergence from 
the large vessels of the neck and contain all the of oral cleft 
muscles harvested by subperiosteal elevation, from the zygo-
matic and maxillary bones to the mandibular rim. These 
muscles are reinnervated by zygomatic, buccal, and mandibu-
lar branches of the facial nerve (cranial nerve VII), which are 
dissected as separate segmental rami or traced more proxi-
mally up to their common origin on the trunk of the facial 
nerve. The sensory nerves of the allograft are the mental (V3) 
and infraorbital (V2) branches of cranial nerve V, which are 
exposed at the corresponding bony foramina and lengthened 
on their proximal course by intraosseous dissection.

The standard allograft just described (referred to as type 
IA) concerns only the soft tissues of the face. It may be 
extended laterally to the cheeks and up to the preauricular 
areas. In the latter case, it also contains the parotids. It is 
raised on the external carotid and jugular axes and on the 
proximal trunk of the two facial nerves. If necessary, it can 
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FIGURE 20-32  A,  Type  II  facial  transplant  candidate.  B, 
C,  Appearance  after  face  transplantation.  (Courtesy of Dr. Bernard 
Devauchelle.)
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for face transplantation, and in some cases the severity of 
the defect demands face transplantation as an ideal 
solution.

Middle face (Lips-Chin-Nose Triangle)
The middle face is without doubt the best area for a face 
transplant because of the impossibility of reconstructing both 
function and esthetics of the lips with traditional procedures. 
Face transplantation for this esthetic and functional unit, 
even extending onto the nasolabial area, over the nose, or 
down under the chin, provides the double advantage of 
perfect esthetic restoration of the face and vascular indepen-
dence. Restoration of sensation is very achievable. Motor 
function is ensured by musculo-muscular sutures except for 
the orbicularis oris muscles. The skin margins are also easy 
to match with the recipient skin. The possibility of including 
skeletal structures (nasal bone and cartilage, premaxillary 
region, mandibular arch) can be envisaged. Beyond that, 
there remains the question of the quality of the vascular 
supply from the internal maxillary artery and the necessity to 
adapt the initial dissection to the transplant and the vascular 
anatomosis.

Upper face (fronto-Orbito-Eyelid Region)
Large upper facial injuries are very rare. For many reasons, 
disfigurement of this area is not a good indication for face 
transplantation. From a vascular standpoint, this region 
depends on several terminal branches (internal frontal artery, 
facial artery, superficial temporal artery). The restoration of 
eyelid function, which is the essential point of the reconstruc-
tion, is currently not achievable because of the complexity of 
both the anatomical and the physiological aspects. The large 
disfigurement is usually associated with blindness, which 
raises other ethical considerations. Some defects of this region 
are more frequently associated with an extended defect in the 
orbitofrontal and nasomaxillary regions and could suggest 
transplantation of an upper face.

Lateral face
Some severe lateral defects (e.g., after a large benign tumor 
resection) could be an indication for face transplantation. 
Anatomically there is no problem, and, paradoxically, the 
defect in this area leads to very few functional problems. 
Hearing will not be important. Facial palsy could be solved 
by other procedures. The question is more about the esthetic 
result. Would profile surgery (by comparison with the other 
side) have a less good result than frontal facial surgery?

full face
The first paper on face transplantation, reported in early  
2000, expressed the idea that there is only one indication  
for complete transplantation: a patient with severe burns. 
From an anatomical and vascular point of view, harvesting  
of the whole cutaneous face is possible, with the vascular 
supply from the bilateral external carotid arteries and exter-
nal jugular veins from the donor and anastomosis on the 
same pedicles for the recipient, except on one side with a 
lateral anastomosis on the carotid axis. There is also no 
problem with including some skeletal structures such as the 
mandibular arch and the anterior part of the maxilla. Skin 
extension could also include the ears and the main part of 
skin hair.

I, II, or III, this theoretical transplant was devised to resurface 
extensive burns to the face. Even devoid of any functional 
purpose, it does constitute a partial facial allograft and could 
therefore be applicable to either a hemiface or the whole facial 
cutaneous cover. To avoid any ambiguities with regard to 
nomenclature, this allograft should be referred to as a partial 
(type IVp) or a full (type IVf) composite tissue allograft of the 
facial mask.

Strictly speaking, a true full facial allograft (type V) ought 
to be performed as a multisegmental or composite transplant 
combining the partial allograft types I, II, and III in a single 
block of uniform thickness. This would have to be harvested 
on the entire external carotid axis with the confluent jugular 
veins on both sides of the donor’s head. It would contain all 
of the muscles of expression, the common trunks of both 
facial nerves, and the three segmental branches (V1, V2, and 
V3) of the two trigeminal nerves. In the deeper planes, it 
could involve soft tissues only, including the superficial 
musculo-aponeurotic system (SMAS), with or without the 
periosteal plane; this is called a full soft tissue facial allograft 
(type VA). Alternatively, it could include the maxillary and 
mandibular arches, if necessary; this is a full hard and soft 
tissue facial allograft (type VB). Although theoretically con-
ceivable, these allografts correspond to such extensive tissue 
defects that they are hardly ever encountered clinically. They 
belong more to the realm of virtual or conceptual surgery 
rather than practical reality.

To date, clinical experience has focused on allograft types 
I and II. In the four documented cases, the composite 
allografts survived entirely successfully after microsurgical 
transplantation. Three were harvested from a heart-beating 
donor with a facial morphology comparable to the recipient’s, 
and one was obtained from a cadaveric donor. In none of 
these cases was partial necrosis of any tissue transplant com-
ponent reported, and preoperative hemodynamic observa-
tion of the allografts showed at all times that the entire 
transplant was fully vascularized on unilateral arterial and 
venous anastomoses. Moreover, wound healing along the 
lines of the cutaneous and mucosal sutures was satisfactory 
in every case. These results can be explained by the intense 
anastomotic collateral blood supply of the facial vessels. They 
were achieved by four different teams, providing the first 
evidence of the vascular reliability of face transplants when 
the fundamental rules of microsurgery are observed. Vascular 
anastomoses must always be performed on large-caliber 
vessels and should be bilateral, even when the entire trans-
plant could survive on a single vascular axis. This rule pre-
vents the harmful consequences of thrombosis of one of the 
two arterial or venous axes supplying the transplant. However, 
if the allograft predominantly concerns a single hemiface, this 
precaution is not necessary. Only by a larger series of oper-
ated patients can these preliminary conclusions be confirmed 
with regard to the reliability and primary survival of compos-
ite facial allografts.

INDICATIONS fOR fACE TRANSPLANTATION 
ACCORDING TO TOPOGRAPHY

There is no mandatory link between large composite defects 
and anatomical studies on the feasibility of the transplanta-
tion. Each patient is a unique case. However, it is possible to 
define different topographical types in relation to indications 
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almost never achieved in patients with large composite facial 
defects, but reasonable function and facial proportions can 
be attained. In selected patients, oral and facial prostheses in 
conjunction with osseo-integrated implants for anchorage 
provide an alloplastic alternative or an adjunct to autogenous 
reconstructions. Most recently, the use of allograft face trans-
plantation is offering hope for those rare traumatized faces in 
which the tissue defects are beyond any other method of 
tissue reconstruction.
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Even if it is obvious that the SMAS is part of the transplant, 
the difficulties are always from a functional point of view. 
What is the prognosis in terms of facial movement with simple 
facial nerve anastomosis? How can the complexity of eyelid 
movement be solved? As far as sensation is concerned, it is 
very important to ensure continuity of the different branches 
of the trigeminal nerve and those of the cervical plexus. It is 
too early to answer these questions, because the follow-up of 
face transplantation cases done to date is too short.

The demand for full or partial face transplantation will 
always be very rare indeed, but it may occur more frequently 
for burn patients. This surgery demands a dedicated team, 
and I would like to acknowledge my co-workers, Stephanie 
Dakpe and Sylvie Testelin (CMF, Amiens, France) and Benoit 
Lengelé (Plastic Surgeon, Brussels, Belgium).

CURRENT STATE Of THE ART

Composite facial allotransplantation is an efficient and acces-
sible surgical procedure in which the rejection phenomena 
can be prevented and treated with basic immunosuppressive 
drugs, just as with immunosuppressive treatment after organ 
transplantation. It can be argued that face transplantation is 
an extensive surgical procedure with immunosuppressive 
treatment that carries health risks (e.g., infections, skin 
cancers) and treats a problem with severe psychological but no 
health risks.26 This keeps the use of face transplantation limited 
to only those patients with the greatest of facial tissue loss.

CONCLUSION

Large defects of the midface and lower face result in loss of 
many specialized tissues. As initially described in 1965, 
“massive compound facial injuries create a sense of dismay, 
which may lead to therapeutic inertia.”27 Successful recon-
struction of these defects entails early action involving 
replacement of the tissues before significant scarring and  
contracture have occurred. There are no specific algorithms 
of reconstruction that can be applied to all patients; each 
facial gunshot wound creates a unique set of tissue require-
ments. Thorough evaluation of the facial wound, including 
radiographic assessment, preferably with three-dimensional 
CT scanning, delineates the extent of the missing tissue. 
Lining, bony structures, and soft tissue cover are the three 
basic elements that need to be replaced in almost all of  
these injuries. Immediate or early repair, usually with the  
aid of microsurgical tissue transfer, not only provides for 
quicker healing of the facial wound but maintains the  
relationships among the remaining key landmarks that serve 
as the scaffold for future facial revision and reconstruction. 
For large defects, more than one free tissue transfer may be 
necessary to provide enough tissue to restore some semblance 
of facial form.

Realistic counseling with the patient who has sustained a 
large facial tissue loss and the patient’s family is paramount. 
This brings in psychological evaluation and support and also 
helps the patient and family to understand that a large number 
of reconstructive procedures (commonly 10-15) will be nec-
essary, over an extended period (1-2 years), for the maximal 
benefit of reconstructive facial surgery to be obtained. Com-
plete pre-injury restoration of facial form and function is 
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Traumatic injuries of the facial nerve are uncommon 
compared with other causes of facial nerve dysfunc-
tion, such as tumors, cerebral ischemia, and idiopathic 

nerve palsy. Facial nerve damage caused by head or neck 
trauma may be associated with life-threatening injuries, and 
therapy focuses on life-saving measures and stabilization of 
the patient’s general condition. Although a traumatic lesion 
of the facial nerve may not appear to be of primary impor-
tance in the emergency room, permanent facial paralysis 
caused by traumatic injury can severely affect the patient’s life 
thereafter. Loss of facial movement and insufficient eye 
closure are burdensome, and the social consequences of dis-
figurement and loss of facial expression are particularly dis-
tressing. The sequelae are likely to impair the patient’s personal 
relationships and social life in a profound manner.

Adequate management of the traumatic injuries of the 
facial nerve requires a thorough knowledge of the complex 
anatomy of the nerve, sophisticated diagnostic means, and 
advanced surgical skills in microsurgical nerve repair. The 
surgeons must provide the conditions for successful recovery 
or repair of traumatic nerve damage. This chapter discusses 
initial presentation, diagnostic measures, and timing and 
techniques of nerve repair.

EPIDEMIOLOGY

Traumatic damage to the facial nerve can be indirect or 
direct. Indirect damage may be encountered after intracere-
bral bleeding. Because intracerebral lesions of the facial nerve 
nucleus or its fascicles are unlikely to be directly repaired 
surgically, they are not considered in this chapter.

Direct trauma to the nerve can occur along its intratem-
poral and extratemporal routes. The most common site of 
direct traumatic lesions is the intratemporal route, and 
trauma usually is caused by temporal bone fractures (86%).1 
However, only 7% of temporal fractures involve facial nerve 
damage,2 which indicates that direct facial nerve injuries in 
head and neck trauma are uncommon. The second most fre-
quent cause of traumatic damage to the facial nerve is gunshot 
wounds to the temporal bone,3 although only 8% of all 
gunshot wounds in the head and neck are associated with 
facial nerve injury.4 Damage to the nerve on the extratempo-
ral route occurs even less frequently. Blunt injuries, stab 
wounds, severely dislocated mandibular fractures, gunshot 

wounds, and birth trauma can account for facial paralysis. In 
gunshot wounds, traumatic damage may occur through blast 
injury, even if the trunk or the large branches have not been 
directly severed.5

Obstetrical reasons for facial nerve lesions are rare, occur-
ring in approximately 0.07% of deliveries, but facial nerve 
damage is nevertheless the second or third most common 
injury caused by obstetrical trauma.6,7 Only 6.3% of facial 
nerve disorders result from direct traumatic injuries.1 Occa-
sionally, late damage to the facial nerve may be associated 
with posttraumatic vascular malformations.8,9

STATE-Of-THE-ART MANAGEMENT

Diagnosis of acute facial nerve damage due to trauma is com-
monly impaired by the general anaesthetic administered in 
the emergency room. Facial nerve damage often must be 
assumed from the location and extent of soft tissue wounds. 
However, even if direct damage to parts of the facial nerve 
appears to be very likely from clinical inspection, not every 
traumatic lesion of the facial nerve is inevitably followed by 
complete paralysis of the facial muscles. Even in extensive 
lacerations of facial soft tissues, nerve function may not be 
damaged, or after initial weakness, a level of adequate func-
tion may be recovered (Fig. 21-1).

Several factors influence treatment outcomes. The nerve is 
completely embedded in soft tissue and has considerable lon-
gitudinal elasticity, which accounts for its amazing resistance 
against mechanical damage, even during direct impact. An 
extensive system of anastomosis between the trunks of the 
nerve supplies every region of the facial muscles except the 
mandibular branch. Multiple nerve supplies, with mutual 
exchange between fibers of different branches, usually exist 
between the zygomatic and buccal branches. Isolated damage 
to one of these branches commonly does not result in a 
paresis of the corresponding facial muscles. However, clinical 
evidence of nerve dysfunction based on weakness of the facial 
muscles is not necessarily associated with severing of, or irre-
versible damage to, the corresponding nerve fibers.

Nerve damage has been classified into three categories: 
neurapraxia, axonotmesis, and neurotmesis. Although these 
categories refer to structural alterations of the nerve at a 
microscopic level, they are directly related to the patient’s 
prognosis and clinical outcome.
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FIGURE 21-1  A, Extreme soft tissue laceration of the left cheek. 
B,  Status  immediately  after  wound  closure. C,  Facial  appearance 
approximately 6 months later. 
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the objective assessment of facial nerve damage and provide 
indications for decision making with respect to surgical 
intervention.17-19 However, most electrodiagnostic tests are 
focused on examination of the nerve distal to the stylomas-
toid foramen and cannot evaluate the nerve across the injury 
site in intratemporal lesions.19,20 Pathological findings are 
obtained on electrodiagnostic nerve testing only if wallerian 
degeneration of the axons distal to the damaged site has 
occurred. These diagnostic tools are useful only for late 
assessment of posttraumatic facial nerve damage.

To provide earlier information about the severity of facial 
nerve lesions, transcranial magnetic stimulation of the facial 
nerve after nontraumatic damage has been used to evaluate 
patients with Bell’s palsy.21,22 This technique has also been 
applied successfully in the immediate examination of trau-
matic facial nerve lesions in an experimental setting.19 
However, contradictory results in clinical and experimental 
studies preclude recommendation of its routine clinical use 
at this time.

If deep lacerations of facial soft tissues in the buccal and 
particularly the preauricular area indicate damage on the 
extratemporal route of the nerve and there is clinical evidence 
of paresis, meticulous inspection and identification of severed 
nerve ends is often the only way to positively establish the 
presence of nerve damage. The functional sequelae of evident 
damage to individual nerve branches are difficult to predict 
because of the reasons mentioned earlier, and primary nerve 
reconstruction after identification of nerve ends is not always 
indicated. From the experience with crossfacial nerve grafts 
for facial reanimation, it is known that 50% of facial nerve 
fibers are sufficient to provide satisfactory muscle tonus at 
rest and symmetrical movement under voluntary function. 
Primary repair is recommended only if there is morphologi-
cal proof that the trunk of the facial nerve itself has been 
severed. Only in this case should further dissection of the 
nerve segments be performed. However, if primary repair is 
not possible because of soft tissue swelling, bleeding, lack of 
operation time, or serious injury, repair can be delayed. 
Reconstruction after 3 to 4 weeks may be preferable in many 
cases because the patient’s condition has become stable and 
soft tissue swelling has gone down. For the severed nerve ends 
to be identified in the secondary approach, they must be 
marked during primary care with non-resorbable atraumatic 
marker sutures that are fixed to the skin.

If the patient has an extratemporal traumatic facial nerve 
lesion and the surgeon is uncertain whether the injury is only 
minor (i.e., neurapraxia) or the nerve has been completely 
severed, no more than 3 months should elapse before possible 
repair. During this time, the nerve function must be moni-
tored electromyographically, and a decision about whether to 
perform a reconstruction must be made. If no signs of regen-
eration are seen during this period, revision and reconstruc-
tion should no longer be delayed. Physical therapy such as 
electrostimulation of the facial muscles and massage should 
be administered in the meantime.

The interval before secondary nerve repair is limited by 
the progressive atrophy of the facial muscles on the paretic 
side of the face. If reconstruction of the nerve is considered, 
it must be performed at least within the first year postopera-
tively, because after this period, muscle function, even with 
reinnervated facial nerve fibers, will be insufficient to accom-
plish satisfactory movement of the face on the paretic side. 

Neurapraxia is the simplest type of injury to the nerve, and 
its clinical manifestation is only temporary. The axons of the 
nerve remain undamaged, but the myelin sheath sustains 
injury, such as from compression or hyperextension of the 
nerve. Resulting edema of the myelin sheath causes tempo-
rary dysfunction, from which the nerve recovers within days 
to weeks.

In axonotmesis, continuity of the nerve is preserved, but 
damage is more severe due to prolonged compression or a 
localized ischemic lesion of the nerve. The myelin sheath and 
the axons are affected. Both components degenerate, but 
regeneration of axons is guided by the fibrous structures of 
the nerve, which remain intact. In electromyographic record-
ings, axonotmesis is characterized by degenerative reactions, 
retardation of muscle twitching, and complete interruption of 
nerve conduction. However, because the continuity of the 
fibrous framework of the nerve has been maintained along 
the entire length of the nerve, regeneration can proceed to 
the distal end of the nerve. The axons and the myelin sheath 
undergo wallerian degeneration, after which their debris  
is digested by Schwann cells and invading macrophages.  
Concurrently, Schwann cells proliferate within the basal 
membrane and arrange themselves into chains known as 
Hanken-Büngner bands. Regeneration of axons then com-
mences proximal to the site of damage and follows the Han-
ken-Büngner bands to the periphery. Regeneration of the 
normal nerve fiber pattern is possible, resulting in more or 
less complete functional restoration.

In neurotmesis, the nerve is completely severed, and its 
ends are separated by retraction due to the longitudinal elas-
ticity of the nerve. Clinically and electromyographically, ax-
onotmesis and neurotmesis are identical. The morphological 
alterations during degeneration of axons and myelin sheath 
are likewise the same. However, spontaneous regeneration in 
the peripheral nerve segment is impossible because it depends 
on bridging the gap between the two retracted nerve ends. 
Surgical intervention is required to establish continuity of the 
nerve by direct suturing or grafting.

DIAGNOSIS AND TIMING Of TREATMENT

In conscious and cooperative patients, function of the facial 
muscles is easily tested by asking the patient to sequentially 
activate the frontal, periorbital, buccal, and perioral muscles. 
However, clinical signs of facial nerve palsy also can manifest 
with some delay in mastoid bone fractures.10

In injuries with suspected intratemporal damage to the 
nerve, diagnostic imaging is required. In temporal bone frac-
tures, computed tomography is preferable to plain radiogra-
phy, because only 20% to 30% of temporal fractures can be 
visualized by the latter technique.11 Magnetic resonance 
imaging (MRI) provides additional information about facial 
nerve damage by showing abnormal nerve enhancement, 
particularly in distal intrameatal nerve segments.12 MRI 
enhancement by gadolinium-diethyl-triamine-pentaacetic 
acid (Gd-DTPA) produces more informative studies for the 
evaluation of facial nerve pathology and can help to define 
nerve lesions more accurately.13-16Contrast-enhanced scans 
can identify clinically silent traumatic damage in the tempo-
ral bone.15 Electrodiagnostic tests such as evoked electromy-
ography or electroneuronography play an important role in 
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repair procedure, the nerve ends are dissected free of epineu-
ral connective tissue (Fig. 21-3A), because the greatest hazard 
for axon proliferation from the central nerve end into the 
peripheral segment is the proliferation of connective tissue at 
the site of suturing. Intervening connective tissue can prevent 
axons from further elongation into the distal segment or can 
turn down already regenerated axons. Possible factors that 
account for this fibrosis are traumatic dissection of the nerve 
during preparation for suturing and suturing of the nerve 
ends while they are under longitudinal tension. Tension-free 
suturing of the nerve ends and atraumatic dissection are 
mandatory.

Because the epineural fibroblasts proliferate more rapidly 
than the fibroblasts and Schwann cells of the endoneural 
space, the epineural tissue should be removed from the nerve 
ends to reduce the proportion of connective tissue in nerve 
cross-section and to allow for more precise adaptation of the 

Beyond this interval, reanimation of the paralyzed face must 
be performed by revascularized transfer of neuromuscular 
segments. In such procedures, a vascularized segment from 
the gracilis muscle or the latissimus dorsi muscle with a 
branch of the supplying nerve is transferred to the face to 
augment the atrophic facial muscles and allow for innervated 
function of the transferred muscle.23-28

SURGICAL REPAIR

Surgical intervention for repair of traumatic damage to the 
facial nerve depends on the location of the nerve injury. For 
intratemporal lesions, decompression surgery of the nerve in 
the osseous canal through the temporal bone must be con-
sidered. For extratemporal lesions, a decision must be made 
about microsurgical repair of the nerve. Although the former 
procedure is more a domain of otolaryngology or neurosur-
gery, the maxillofacial surgeon is involved in the latter.

Microsurgical repair of the extratemporal portion of the 
facial nerve requires a high standard of technical equipment 
and surgical training. A surgical microscope with continu-
ously adjustable magnification between 2 and 40 and foot 
control should be available. Suture material with a 25 μm 
diameter (10-0) is recommended, and forceps with smooth, 
nonserrated ends are preferable to avoid trauma to the deli-
cate perineural tissue.

NERVE SUTURING

Basic surgical techniques for repair of the extratemporal part 
of the facial nerve have been contributed by Conley29 and 
Miehlke.30 Before the use of the microscope for surgical nerve 
repair, nerve suturing was commonly performed by suturing 
the epineurium. This was often unsuccessful, mainly because 
of inadequate preparation of the cross-sectional surface of the 
nerve ends and insufficient adaptation of the individual fas-
cicles. Surgery has dramatically improved since the introduc-
tion of microscopic techniques, which enabled atraumatic 
handling and precise adaptation of the nerve ends and indi-
vidual fascicles.31,32 The poor results obtained with epineural 
suturing in the earlier era were initially attributed to the epi-
neural location of the suture, and new concepts of perineural 
suturing with adaptation of individual fascicles were devel-
oped. Numerous studies have now shown that both tech-
niques can achieve similar results as long as they are 
performed with the same accuracy and atraumatic handling 
of the nerve ends and fascicles.

The differential indication for epineural versus perineural 
suturing depends on the fascicular structure of the nerve. The 
three patterns of fascicles are monofascicular, oligofascicular 
(fewer than five fascicles), and polyfascicular structure33 (Fig. 
21-2). Epineural suturing is considered to be appropriate in 
monofascicular and oligofascicular nerve ends, and perineu-
ral sutures are required only in polyfascicular nerves. Because 
the facial nerve has a monofascicular or oligofascicular struc-
ture at the nerve trunk and its first divisions into peripheral 
branches, epineural suturing is adequate in most areas of the 
nerve.

The aim and strategy of microsurgical intervention are 
defined by the timing of the surgery and the degree of damage 
to the nerve. In primary repair and any other microsurgical 

FIGURE 21-2  A,  Cross-section  of  a  monofascicular  nerve. 
B, Cross-section of an oligofascicular nerve. C, Cross-sections of  poly-
fascicular nerves. 
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the nerve trunk, it is important to correctly reorient the fas-
cicles in the distal nerve ends to the corresponding proximal 
ends to ensure restoration of the functional organization of 
the nerve plexus.

In late secondary repair of lacerated nerves, the nerve ends 
commonly must be identified in the scar tissue of the former 
injury. In many cases, the scar tissue serves as a landmark of 
dissection and orientation to identify the nerve ends. If the 
nerve ends were marked with sutures during primary care, it 
is often useful to excise the scar completely and locate the 
nerve ends distally and proximally from this area along the 
suture marks. If no marking was performed, dissection and 
identification of the severed nerve ends is much more difficult 
using the scar tissue as a starting point. In such cases, it is 
often preferable to start with exposure of the nerve trunk at 
the stylomastoid foramen and to proceed along its main 
branches until the scar area is reached. In the same way, the 

fascicles (see Fig. 21-3B). However, removal of the epineu-
rium in facial nerve repair is feasible only at the trunk, 
because the epineurium becomes very thin on the more 
peripheral branches and is hardly discernible from the 
remaining parts.

Before the nerve ends are sutured in primary repair after 
trauma, they are dissected free of their surrounding tissue 
and trimmed with serrated scissors until the cut ends look 
completely undamaged. Subsequently, the epineurium is 
opened and removed on both ends for a length of 5 to 10 mm 
with the scissors at a microscopic magnification of 10. This 
reveals the location and structure of fascicles at the cross-
section of the nerve. After trimming, axons tend to prolapse 
due to endoneural pressure and longitudinal retraction of the 
perineural tissue. These protruding axons should be removed 
to gain a smooth cross-sectional area that facilitates adapta-
tion and suturing of the nerve ends. Protruding axons are 
grasped with the forceps, pulled forward, and cut with ser-
rated scissors at the level of the epineural or perineural 
annulus. Suturing can be performed by epineural, perineural, 
or interfascicular suturing (Fig. 21-4).

The choice of technique is not as important as the precise 
adaptation of the nerve ends and their fascicles. To ensure 
mechanically stable and reliable adaptation, three to four 
sutures are recommended around the complete circumfer-
ence of the nerve. When microsurgical repair is performed at 

FIGURE 21-3  A, Removal of epineural tissue. B, Fascicles protrud-
ing from the perineural tissue. 
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FIGURE 21-4  A,  Microsurgical  suturing  of  the  epineurium. 
B,  Microsurgical  suturing  of  the  perineurium.  C,  Interfascicular 
microsurgical suturing. 
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peripheral branches are identified distal to the scar area and 
followed proximally (Fig. 21-5).

If the severity of injury to the nerve is unclear, microsurgi-
cal neurolysis should be considered first by isolating the nerve 
from scar tissue and removing the epineurium to examine the 
fascicles for intact or severed continuity under the micro-
scope. For this purpose, the nerve is located outside the area 
of former injury and dissected free of scar tissue at magnifica-
tions of 10 to 25. Frequently, a neuroma is encountered 
that may hide interruption of nerve continuity, but occasion-
ally only increased intraneural scar formation of the fibrous 
sheath is found, with underlying individual fascicles exhibit-
ing undisturbed continuity. In any case, the epineurium must 
be removed to examine the intraneural situation. If an endo-
neural neuroma is found, it is removed, and the nerve ends 
are treated as described previously for primary nerve repair. 
If intraneural fibrosis is encountered, an interfascicular neu-
rolysis is required with careful removal of the compromising 
scar tissue between the fascicles to free the intact nerve 
components.

CABLE GRAfTING

Direct end-to-end repair of traumatic facial nerve damage is 
possible only when the nerve has had a straight cut in the area 
of the trunk or larger peripheral branches without crushing 
or tearing trauma. Even in primary nerve repair, trauma to 
the nerve often requires removal of the damaged nerve tissue 
during trimming. This precludes tensionless suturing of the 
nerve ends. In primary repair of traumatic nerve damage and 
in secondary reconstructions if scar formation has separated 
the nerve ends, a cable graft is necessary to bridge the conti-
nuity defect of the nerve. Autogenous nerve grafts usually are 
the method of choice, although allogeneic nerve grafts also 
have proved to be functional. However, low-dose immuno-
suppression is necessary with the use of allogeneic grafts, and 
the hazard of transmitting infectious diseases is much more 
serious than the hazard of donor site morbidity from harvest-
ing of autogenous grafts. These risks have precluded alloge-
neic grafts from clinical use.34 The possibility of vascularized 
nerve transfer using the saphenous nerve or the sural nerve 
has inspired several clinical and experimental approaches. No 
clear advantage of the increased surgery of such vascularized 
nerve transfer has been shown compared to nonvascularized 
nerve grafting with respect to axonal morphology or postop-
erative nerve function.

Suitable donor sites for nonvascularized nerve grafts 
include the branches of the cervical plexus in the neck and 
the sural nerve from the calf. The great auricular nerve from 
the cervical plexus has been used for cable grafting because 
its anatomy provides a suitable number of branches that can 
be connected to the peripheral branches of the facial nerve 
plexus, and its thicker proximal end is sutured to the central 
stump of the facial nerve. The sural nerve has a similar mor-
phology of branches.

The branches of the cervical plexus are easily identified on 
the outer surface of the sternocleidomastoid muscle vertically 
below the auricle. For exposure, an incision parallel to the 
course of the muscle or an extended submandibular incision 
is used. The great auricular nerve and the transverse cervi-
cal nerve appear at the lower border of the sternocleido-
mastoid muscle at the so-called punctum nervosum. The 

great auricular nerve courses upward to the auricle, and the 
transverse cervical nerve runs medially and branches off 
shortly after the punctum nervosum.

The sural nerve is often preferred if longer or multiple 
grafts are required. This cutaneous nerve can been conve-
niently exposed through a horizontal incision behind the 
lateral malleolus (Fig. 21-6A). During dissection, the lateral 
saphenous vein may be encountered; it overlies the sural 
nerve and is commonly preserved. After isolation of the 
nerve, its proximal course can be identified by gently pulling 
the nerve and palpating approximately 6 to 8 cm upward 
from the first incision. At that point, a second horizontal 
incision is performed, and the nerve is exposed. The nerve 
runs from the ankle joint to the back of the calf, and the more 
proximal incisions should be placed further back. The nerve 
can be followed up to the knee joint, where it joins the lateral 
sural cutaneous nerve. From the knee to the ankle joint, the 
sural nerve is 30 cm long. It is important for the reconstruc-
tion of the facial nerve that the sural nerve sends off branches 
in the distal part that allow for reconstruction of large parts 
of the facial plexus and are easily accessible (see Fig. 21-6B). 
Preference is often given to the sural nerve over the cervical 
nerve branches because the former provides longer and 
stronger grafts.

If there is a discrepancy between the cross-sectional area 
of the facial nerve and the procured nerve graft, two or more 
grafts can be connected to the thickest nerve ends (see Fig. 
21-6C). In the periphery of the plexus, it is very often the 
reverse, with thin and tiny branches of the facial nerve sutured 
with much thicker grafts.

The aims of suturing of nerve grafts to the facial nerve are 
the same as in primary repair. Suturing must be absolutely 
tensionless, and atraumatic preparation and handling of the 
nerve graft are mandatory. The cable nerve grafts must be 
longer than the length of the nerve defect.

NERVE CROSSOVERS

Indications for crossover anastomoses in facial nerve repair 
have been considerably reduced by the great advances in 
extracranial and intracranial treatment of these lesions. 
However, if the proximal part of the trunk of the facial nerve 
has been destroyed during trauma, direct suturing or cable 
grafting will be unsuccessful for nerve repair. Innervation of 
the facial muscles then must be provided by connecting 
another cranial motor nerve, such as the hypoglossal, glos-
sopharyngeal, or accessory nerve, to the peripheral facial 
nerve supply or by providing nerve supply from the opposite, 
uninjured side by means of a crossfacial nerve graft.

Nerve crossovers using cranial motor nerves have been 
employed for many years.35-39 In particular, the hypoglossal 
nerve and the accessory nerve have been used for this proce-
dure. The nerves that lend their supply to the facial nerve are 
exposed and cut at a convenient length to reach the facial 
nerve, and they are anastomosed with the distal end of the 
facial nerve trunk. Axonal regeneration and neurotization of 
the previously denervated facial nerve then occurs quickly, 
originating from the hypoglossal or accessory nerve. However, 
this method occasionally has resulted in uncoordinated 
movements through the contralateral nerve and is always 
associated with functional loss of muscles of the donor  
nerve supply. Hypoglossal-facial crossover now is the only 
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FIGURE 21-5  A, Deep  soft  tissue wound with  laceration of  several branches of  the  facial  nerve. 
B, Marking of  the nerve ends with non-resorbable, atraumatic sutures. C, Removal of scar  tissue and 
identification of the individual branches with rubber bands. D, Bridging of the defect by cable grafts. 
E and f, Postoperative function of the facial nerve. 
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with regard to both muscular tone of the facial muscles and 
soft tissue symmetry at rest. It also improves lagophthalmos 
and permits voluntary movement of the facial muscles to a 
limited extent. Patients with hypoglossal-facial crossover 
require a high degree of postoperative muscular training to 
learn to activate the facial muscles without concurrently acti-
vating the tongue muscles. Although voluntary contraction 
of facial muscles can be accomplished on command, sym-
metrical affective or emotional expression of the face is not 
restored fully. Occasionally, moderate intraoral dysfunction, 
mass movement, and hypertonia of the face can occur. 
However, these untoward effects are uncommon and usually 
are well accepted by the patients.

If a hypoglossal-facial crossover is intended after loss of 
the central part of the facial nerve due to trauma, the distal 
part of the facial nerve trunk is located in a secondary pro-
cedure in the retromandibular fossa, as is done during 
removal of parotid tumors. From a preauricular incision, the 
dissection proceeds medially and inferiorly along the outer 
surface of the cartilage of the external auditory canal. This 
cartilage forms a triangular prominence before it links with 
the osseous part of the canal. Approximately 7 to 10 mm 
medially and inferiorly to that point, the nerve trunk can be 
located and exposed (Fig. 21-7A). Electrostimulators are 
indispensable during the final stage of dissection for identifi-
cation of the nerve. The preauricular incision is then extended 
into the submandibular region, and the hypoglossal nerve is 
located beneath the intermediate tendon and the posterior 
belly of the digastric muscle. From this point, the hypoglossal 
nerve is followed proximally until it passes over the bifurca-
tion of the carotid arteries. The nerve is then cut distal to the 
exit of the descending branch on the level of the digastric 
tendon and transposed cranially over the digastric muscle, 
where it is sutured to the facial nerve (see Fig. 21-7B to D).

Another type of crossover anastomosis is the faciofacial 
crossover or crossfacial anastomosis, which was developed in 
1971. The principle of this procedure is ingenious: Specific 
facial nerve fibers reanimate the paretic facial muscles without 
loss of function of one of the other cranial nerves, providing 
symmetrical facial movement in emotional expression. The 
concept is based on the knowledge that approximately 50% 
of the facial nerve fibers are sufficient for undisturbed func-
tion of the facial muscles, so that almost 50% of the neural 
fibers can be used to reinnervate the paretic side.

To connect the paretic side with the uninjured side, a 
nerve graft 10 to 15 cm long is required, and it is passed 
through a subcutaneous tunnel in the upper lip to reach the 
contralateral side (Fig. 21-8B). The zygomatic branch of the 
healthy side is commonly selected as the source for innerva-
tion of the contralateral side because it contains 40% of the 
total number of facial nerve fibers and has an intimate 
exchange of fibers with the buccal branch (see Fig. 21-8C). 
Because of this extensive system of anastomoses, transection 
of the zygomatic branch on the uninjured side does not result 
in paralysis of the periorbital muscles on the healthy side. 
Stimulation of the contralateral side through the nerve graft 
to the paretic side enables satisfactory contraction of the orbi-
cularis oculi and the orbicularis oris muscles if it is connected 
to the zygomatic branch of the severed facial nerve.

The zygomatic branch of the facial nerve is exposed on 
both sides through a vertical preauricular incision that is 
located centrally over the parotid gland. For suturing of the 

crossover anastomosis that is performed using other cranial 
motor nerves. Usually, the unilateral functional loss of tongue 
muscles is more easily compensated for by the patient than 
unilateral limitation of shoulder function in an accessory-
facial nerve crossover procedure.

The hypoglossal-facial crossover is a relatively simple 
operation that can achieve restoration of very good function 

FIGURE 21-6  A, Identification of the sural nerve. B, Procured sural 
nerve. C, Suturing of two nerve ends from the sural nerve to fit a larger 
cross-section of the recipient nerve. 

A

B

C



410 C HA P T E R 21 Facial Nerve Injuries

healthy side and led through the subcutaneous tunnel. Sutur-
ing with the zygomatic arch on the paretic side is done 3 to 
4 months later, after proliferation of axons from the nonpa-
retic side into the grafted nerve has commenced. If the cross-
facial nerve graft is intended to reinnervate a revascularized 
muscle segment for facial reanimation after long-standing 
facial paralysis, the second procedure is performed 10 to 12 

zygomatic branch on the paretic side, the distal end of the 
nerve must be reversed by 180 degrees (see Fig. 21-8C to E).

The schedule for crossfacial nerve grafting varies consider-
ably according to the result required. If crossfacial grafting is 
intended for repair of the contralateral facial nerve, it can be 
performed as a one-stage or two-stage procedure. In the latter 
case, the graft is connected to the zygomatic branch on the 

FIGURE 21-7  A, Exposure of the severed facial nerve at the stylomastoid foramen and the hypoglos-
sal nerve. B, Transposition of the hypoglossal nerve and crossover with the peripheral end of the facial 
nerve trunk. C, Preoperative facial nerve function. D, Postoperative facial nerve function. 

A
B

DC



411SURGICAL REPAIR

FIGURE 21-8  A, Preoperative facial nerve function. B, Positioning of two sural nerve grafts on the 
upper  lip on  their crossfacial  route. C, Suturing of  the grafts  to  the zygomatic branch on  the healthy 
side. D, Suturing of the graft ends to the zygomatic branch on the paretic side. E, Postoperative facial 
nerve function. 
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facial movements permanently. One of the most frequent 
synkinetic movements is synchronous elevation of the oral 
commissure, which is associated with considerable loss of 
emotional expression. Mass movements can result from poor 
regeneration of fascicles and from the difficulty in accurately 
readapting individual fascicles with high precision, even 
under microscopic control. Several ways to solve this problem 
have been suggested.

Miehlke and Stennert38 divided the facial muscles into two 
functional units: the upper face and the lower face. They 
concluded that synkinetic movements of the upper and lower 
functional units could be eliminated by separate reinnerva-
tion. They advocated two sources of the reinnervation of the 
facial muscles. For the repair of the part of the facial nerve 
plexus that supplies the upper facial muscles, autogenous 
nerve grafts that connected the peripheral ends with the 
trunk of the facial nerve were used. The facial nerve supply 
to the lower face was accomplished through suturing of the 
hypoglossal nerve to the peripheral nerve ends of this part of 
the plexus.

Another solution was suggested by Millesi,61 who used a 
sophisticated system of interfascicular anastomoses based on 
anatomic studies of the topographical orientation of certain 
sectors of the facial nerve cross-section to different groups of 
facial muscles. To avoid misinnervation in short defects of the 
trunk of the facial nerve, the use of three to four small nerve 
grafts is recommended to connect corresponding groups of 
fascicles in the proximal and peripheral cross-section of the 
trunk. Bridging of defects between the trunk and peripheral 
nerve ends can be accomplished by eight nerve grafts that 
connect these groups of fascicles with the peripheral supply. 
However, misinnervations can occur even with this technique 
because of variations in the course of the individual fascicles. 
Experimental studies also indicate that regenerating fibers 
may become aberrant at the site of repair and throughout the 
length of the nerve.62

POSTOPERATIVE CARE

Postoperative treatment should commence as early as possi-
ble and should be continued until normal facial motion is 
gained. Three treatment modes are available: neurotrophic 
vitamins, physical therapy, and electrotherapy.

So-called neurotrophic vitamins have frequently been rec-
ommended for enhancement of neural regeneration after 
nerve trauma. However, apart from severe general metabolic 
disorders resulting from alcohol abuse or malabsorption, 
neurotrophic vitamins have no reliable or reproducible effect 
on nerve regeneration.

Physical therapy is administered to the paretic face to 
reduce the atrophy of the facial muscles. Massage increases 
the local perfusion, and percutaneously applied electrical 
current can enhance this effect. Electrotherapy cannot accel-
erate reinnervation and does not completely prevent muscu-
lar atrophy of the paretic muscle. It is useful in cases of 
complete paresis and should be continued after reconstruc-
tion until the first signs of reinnervation occur. The use of 
so-called exponential currents has proved to be effective by 
inducing distinct contraction of paretic muscles.

After onset of visible voluntary contractions, active coop-
eration of the patient is essential. Electrotherapy is replaced 

months later, at which time the regenerating axons should 
have reached the contralateral end of the nerve graft.

NERVE CONDUITS

A newer technique of nerve repair uses the regenerative 
capacity of the nerve and its inherent growth potential to 
restore its original morphology. As in many other fields of 
reconstructive surgery, the use of tissue barriers has been 
introduced into nerve reconstruction, employing tubes of 
synthetic, organic, and biologic material that serve as con-
duits for regenerating axons across a gap of up to several 
centimeters. The aim of this concept is to avoid sacrifice of 
autogenous donor nerves in nerve reconstructions across a 
gap.

Many studies on this topic in clinical and experimental 
settings have been published.40-45 The range of results reported 
is as wide as the experimental approaches used. Some inves-
tigators describe positive experiences with the experimental 
use of collagen or fibronectin nerve guides,46 but others report 
no or few advantages for the use of conduits.47,48 Biologic 
conduits such as amnion tubes, veins, or avascular muscle 
grafts demonstrated regeneration in experimental settings 
across a gap of up to 10 mm that was comparable to that of 
autogenous nerve grafts.43,44,49 However, clinical results for 
gaps of 40 to 58 mm in nerve reconstruction of the upper 
extremity were poor.50 When veins are used as nerve con-
duits, an inside-out vein graft appears to be preferable to a 
standard autogenous graft.51

The application of synthetic conduits appears to be the 
most widely researched approach, and numerous types of 
resorbable and non-resorbable polymers are in use.52-54 
However, polymeric conduits have not shown an advantage 
in nerve regeneration compared with nerve grafts or epineu-
ral suturing of nerve ends.55,56 Healing of nerve gaps of up to 
10 mm was worse or did not occur.48,54,55 Experimental bridg-
ing of large gaps of 80 mm by polyglycolic acid tubes resulted 
in some degree of regeneration but obvious functional defi-
cits.42 The conduit material does not seem to have a profound 
effect on outcome,45 but advances in biologic approaches 
with the additional application of nerve growth factors or 
cultivated Schwann cells in these conduits may extend the gap 
that can be regenerated by the nerve on its own.41,57,58 Few 
studies have elucidated the complex effects of conduits in a 
randomized clinical setting. Weber et al.40 showed that when 
a polyglycolic acid conduit is used for repair of nerve gaps of 
4 mm or less, improved sensation resulted 1 year postopera-
tively compared with end-to-end repair of digital nerves. 
Repair of larger gaps also produced results superior to those 
obtained with nerve grafts in this area, and clinical use of 
expanded polytetrafluoroethylene (ePTFE) tubes for repair of 
trigeminal nerve damage has been successful.59,60 More 
research is needed to identify the role of synthetic conduits 
in clinical nerve repair.

PROBLEMS AND PITfALLS

An unresolved problem in facial nerve reconstruction is the 
occurrence of uncontrolled or spontaneous (synkinetic) mass 
movement of the facial muscles. These disturbing effects  
are prevalent during nerve healing and can affect the  



413OUTCOMES Of NERVE RECONSTRUCTION

4. Stack BC, Farrior JB: Missile injuries to the temporal bone. South Med J 88:72-78, 
1995.

5. Telischi FF, Patete ML: Blast injuries to the facial nerve. Arch Otolaryngol Head Neck 
Surg 111:446-449, 1994.

6. Bhat V, Ravikumara M, Oumachigui A: Nerve injuries due to obstetric trauma. 
Indian J Pediatr 65:207-212, 1995.

7. Hughes CA, Harley EH, Milmoe G, et al: Birth trauma in the head and neck. Arch 
Otolaryngol Head Neck Surg 125:193-199, 1999.

8. Lalak NJ, Farmer E: Traumatic pseudoaneurysm of the superficial temporal artery 
associated with facial nerve palsy. J Cardiovasc Surg 37:119-123, 1996.

9. Hsu KC, Wang AC, Chen SJ: Mastoid bone fracture presenting as unusual delayed 
onset of facial nerve palsy. Am J Emerg Med 26:386, e1-e2, 2008.

10. Roland JT, Hammerschlag PE, Lewis WS, et al: Management of traumatic facial 
nerve paralysis with carotid artery cavernosus sinus fistula. Eur Arch Otorhinolar-
yngol 251:57-60, 1994.

11. Turetschek K, Czerny C, Wunderbaldinger P, Steiner E: Temporal bone trauma and 
imaging. Radiologe 37:977-982, 1997.

12. Sartoretti-Schefer S, Scherler M, Wichmann W, Valavanis A: Contrast-enhanced 
MR of the facial nerve in patients with posttraumatic peripheral facial nerve palsy. 
Am J Neuroradiol 18:1115-1125, 1997.

13. Koike Y, Tojima H, Maeyama H, Aoyagi M: Contrast-enhanced MRI of the facial 
nerve in patients with Bell’s palsy. Eur Arch Otorhinolaryngol Dec(suppl):S346-348, 
1994.

14. Orloff LA, Duckert LG: Magnetic resonance imaging of intratemporal facial nerve 
lesions in the animal model. Laryngoscope 105:465-471, 1995.

15. Kinoshita T, Ishii K, Okitsu T, et al: Facial nerve palsy: evaluation by contrast 
enhanced MR imaging. Clin Radiol 56:926-932, 2001.

16. Kumar A, Mafee MF, Mason T: Value of imaging on disorders of the facial nerve. 
Top Magn Reson Imaging 11:38-51, 2000.

17. Nosan DK, Benecke JE, Murr AH: Current perspective on temporal bone trauma. 
Arch Otolaryngol Head Neck Surg 117:67-71, 1997.

18. Chang CY, Cass SP: Management of facial nerve injury due to temporal bone 
trauma. Am J Otol 20:96-114, 1999.

19. Har-El G, McPhee JRL: Transcranial magnetic stimulation in acute facial nerve 
injury. Laryngoscope 110:1105-1111, 2000.

20. Metson R, Rebeiz E, West C, Thornton A: Magnetic stimulation of the facial nerve. 
Laryngoscope 101:25-30, 1991.

21. Schriefer TN, Mills KR, Murray NMF, Hess CW: Evaluation of proximal facial 
nerve conduction by transcranial magnetic stimulation. J Neurol Neurosurg Psychia-
try 51:60-66, 1988.

22. Parisi L, Coiro P, Valente G, et al: Neurophysiological evaluation of Bell’s palsy: 
electroneurography and transcranial magnetic stimulation. Eur Arch Otorhinolar-
yngol Dec(suppl):253-257, 1994.

23. Schliephake H, Schmelzeisen R: Free revascularized muscle transfer for facial reani-
mation after long standing facial paralysis. Int J Oral Maxillofac Surg 29:243-249, 
2000.

24. Harii K, Ohmori K, Torii S: Free gracilis muscle transplantation with microneuro-
vascular anastomoses for the treatment of facial palsy: a preliminary report. Plast 
Reconstr Surg 57:133-156, 1976.

25. Kärcher H: Die Reanimation der langbestehenden Facialisparese. Fortschr Kiefer 
Gesichtschir 35:144-147, 1990.

26. Harii K, Asato H, Yoshimura K, et al: One-stage transfer of the latissimus dorsi 
muscle for reanimation of a paralyzed face: a new alternative. Plast Reconstr Surg 
102:941-951, 1998.

27. Terzis JK, Noah ME: Analysis of 100 cases of free muscle transplantation for facial 
paralysis. Plast Reconstr Surg 99:1905-1921, 1997.

28. Ueda K, Harii K, Yamada A: Free neurovascular muscle transplantation for the 
treatment of facial paralysis using the hypoglossal nerve as a recipient motor source. 
Plast Reconstr Surg 94:808-817, 1994.

29. Conley J: Surgical treatment of tumors of the parotid gland with emphasis on 
immediate nerve grafting. West J Surg Obstet Gynecol 63:534-537, 1955.

30. Miehlke A: Die Chirurgie des Nervus facialis, Munich, 1960, Urban & 
Schwarzenberg.

31. Millesi H: Die operative Wiederherstellung verletzter Nerven. Langenbecks Arch 
Chir 332:347-355, 1972.

32. Samii M: Modern aspects of peripheral and cranial nerve surgery. In Krayenbühl 
H, editor: Advances and technical standards in neurosurgery, vol 2, Vienna, 1975, 
Springer.

33. Millesi H: Looking back on nerve surgery. Int J Microsurg 2:143-155, 1980.
34. Lassner F, Becker MH, Fuhrer S, et al: Time limited immunosuppression in  

allogenic nerve transplant in the rat. Handchir Mikrochir Plast Chir 28:176-180, 
1996.

35. Stennert E: Hypoglossal facial anastomosis: its significance for modern facial 
surgery. Clin Plast Surg 6:471-482, 1979.

36. Conley JJ, Baker DC: Hypoglossal-facial nerve anastomosis for re-innervation of 
the paralyzed face. Plast Reconstr Surg 63:63-72, 1979.

by active muscular exercises. The patient is instructed to vol-
untarily contract all facial muscles several times per day in 
front of a mirror. Facial massage should be continued at this 
stage.

Pulsatile electric currents can be applied in case of resid-
ual, chronic facial nerve damage, using battery-powered 
stimulators at the submotor level for several months. This 
approach has resulted in decreased motor latencies and has 
improved House-Brackmann scores.63

OUTCOMES Of NERVE RECONSTRUCTION

The results of facial nerve reconstruction are commonly 
assessed by a mixture of subjective patient criteria and 
observer-rated criteria.23,68 Although most observer-rated 
scales are semiquantitative or provide a summated score of 
subjective ratings,26,64 electromyograms provide objective 
data about voluntary muscle contraction.

Reports on the results of facial nerve reconstruction after 
trauma are scarce. The prognosis of intratemporal lesions 
strongly depends on the severity and the delay in the onset 
of palsy. Incomplete and delayed-onset palsies show good 
recovery, but patients with immediate onset of complete 
paralysis have a poor prognosis.2 Decompression surgery is 
considered to be beneficial only during the first 24 days in 
patients with 95% or more degeneration demonstrated on 
electroneurograms. Blunt injuries to the extratemporal route 
have been associated with a good prognosis without surgical 
intervention, which contrasts with injuries to the intratempo-
ral course.65,66 Results of reconstruction of the facial nerve in 
the extratemporal part vary considerably according to the 
techniques used and the time elapsed between trauma and 
repair. The most favorable results are obtained from direct 
nerve suturing used in a primary procedure. However, this is 
not always possible, and the second-best results are achieved 
by the use of cable grafts that are interposed between the 
severed nerve ends.

The results of nerve crossover procedures are controver-
sial. Some surgeons prefer crossfacial nerve grafts,67 but 
others advocate the hypoglossal-facial nerve crossover.69 
However, the results of nerve crossover procedures are clearly 
inferior to those of direct facial nerve reconstruction. In all 
cases, an attempt should be made to perform suturing of 
severed nerve ends directly or by means of an interposed 
nerve graft.

The period of reinnervation varies after a completely 
severed nerve is reconstructed. Depending on the extent of 
the damage, return of function can be expected in 6 to 12 
months. The function of the facial muscles continues to 
improve thereafter for another year, and usually this is the 
final result. In cases of long-standing facial palsy with atrophy 
of the muscles, neurovascular reanastomosed muscle grafts 
(i.e., gracilis muscle) should be considered (see Chapter 28).
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Facial Burns

C HA P T E R 

Barry L. Eppley

Almost one half of the patients who are admitted to a 
burn unit have some degree of facial burns. Most 
facial burns are superficial injuries typically caused by 

flash or splatter mechanisms. Extensive facial burns are 
uncommon and are usually the result of engulfing flame inju-
ries from large explosions or house fires or scald injuries in 
children. In either case, the treatment of facial burns is dif-
ferent from that of burns in other locations. Facial tissue that 
is burned affects esthetic appearance and can negatively affect 
surrounding orifices such as the eyes, nose, mouth, and ears. 
Skin grafts are often a poor substitute for native facial skin, 
and specialized structures such as the eyelids or lips can never 
be completely restored to their original state.

The primary management of facial burns has a major effect 
on their outcome and is the subject of this chapter. Secondary 
burn reconstruction is a much larger topic that is not within 
the scope of this review.

CAUSES AND CLASSIfICATION Of BURNS

The head, face, and neck are the anatomical sites most likely 
to sustain thermal injury. The most common cause of facial 
thermal injury is flash burns, and the least common cause is 
exposure to hot surfaces.1 The severity of facial burns depends 
on the duration of exposure to and the intensity of the burning 
agent (i.e., heat source). Time and temperature are the prime 
determinants of the severity of thermal injury; at tempera-
tures between 44° C (110° F) and 51° C (124° F), the rate of 
cellular destruction doubles with each degree of increase in 
temperature. At temperatures higher than 51° C (124° F), 
exposure for 3 minutes or less can result in a full-thickness 
burn, and above 70° C (158° F), exposure for less than 2 
seconds can lead to complete epidermal necrosis.2

The specific heat source has an effect on the extent of 
the facial burn. Noncombustible hot liquids, such as water,  
are frequently encountered but usually at less than 70° C 
(158° F), and the duration of exposure is usually very short 
(<2 seconds) because the liquid runs off quickly from the 
body surface. Scald burns therefore typically result in only 
partial-thickness facial burns. Combustible hot liquids, such 
as grease, are usually heated to much higher temperatures 
(>100° C), and because of their viscous nature, the duration 
of exposure is much longer. This often creates contact areas 
of full-thickness burns. Flash burns to the face cause only 

a brief exposure to the heat source, resulting in a superficial 
or partial-thickness burn. The singed eyebrow or nasal hairs 
from flash burns may make the examiner suspect an inhala-
tion injury, but the absence of carbonaceous soot or dif-
ficulty in breathing and the location of the injury make it 
unlikely that an inhalation injury has occurred. All of these 
patients should undergo bronchoscopic examination. Flame 
burns, particularly with ignition of clothing, lengthen  
exposure to intense heat and make a full-thickness injury 
more likely.1

Burns are traditionally classified as first-, second-, or 
third-degree injuries, depending on the depth and complete-
ness of dermal involvement. A better anatomical classifica-
tion is that of superficial, partial-thickness (superficial and 
deep), and full-thickness burn injuries. All superficial and 
most partial-thickness burns maintain some dermal circula-
tion, and they are usually capable of healing without excision 
or grafting. This can be clinically confirmed by the appear-
ance of blisters, pain, and capillary refill. This is the most 
common type of facial burn because the face is often exposed 
to heat sources such as flash explosions rather than direct 
contact with flames (Fig. 22-1). Withdrawal or turning away 
is a natural protective reaction that frequently spares the face 
from more severe thermal damage.

Full-thickness burns irreversibly damage the epidermis, 
papillary dermis, and reticular dermis and result in throm-
bosis of the subdermal plexus. Clinically, the skin appears 
pale, with minimal or no capillary refill. Hair shafts are 
removed easily. This degree of facial burn commonly results 
from prolonged contact with flames from bed or house fires 
when the victim is disabled by smoke, alcohol, or drugs  
(Fig. 22-2). In extensive full-thickness burns, often called 
fourth-degree injuries, tissues and structures beneath the skin 
are involved. The skin is usually charred and insensitive. 
Causes include exposure to more than 1000 volts of electricity 
or to molten metal or prolonged contact with hot metal or 
flames. This degree of burn injury is rare in the face.

Describing facial burns as partial or full thickness provides 
a physiologically based classification system that also desig-
nates the approach to management. Although classifying the 
location and perceived depth of the initial burn is important, 
understanding the evolving nature of thermal injuries also is 
essential. It may take several days before the full extent and 
depth of a burn become apparent. Any early thoughts about 
surgical excision should be delayed until the burn depth and 
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margins are clear. Interventions directed toward burn care, 
such as fluid resuscitation, antibiotics, and topical therapies, 
may help to prevent conversion of the burn to deeper levels.

ROLE Of TOPICAL ANTIMICROBIALS

The necrotic, nonviable tissue that covers the surface of a 
burn wound is a fertile medium for bacterial growth. Although 
excision of the burned tissue is the ultimate treatment for this 
problem, it is not done until demarcation of the burn is 
evident and the patient is adequately resuscitated and stabi-
lized. In the interim, the use of topical antimicrobials is the 
mainstay of infection prevention. Although numerous bacte-
ria, fungi, and viruses have been associated with primary 
infection of burn wounds, the most devastating are the gram-
negative bacteria, particularly Pseudomonas. Infected burn 

FIGURE 22-2  Full-thickness facial burn from a house fire involving 
the forehead, cheek, and ear. 

A

C

B

FIGURE 22-1  Partial-thickness  facial  burns.  A,  Flash  burn  from 
a gas grill. B, Flash burn from throwing gasoline on burning wood. 
C, Deeper partial-thickness burn caused by the flames from a house 
fire. 
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collagenolytic enzyme seems to be an appropriate choice. It 
can chemically discriminate between viable and nonviable 
tissue, thereby preserving more viable tissue. This has par-
ticular value in the face, where every square millimeter of 
tissue has esthetic value. Antibiotic powders may be  
mixed with the ointment. Other débriding ointments include 
Accuzyme (Healthpoint Medical, San Antonio, TX), a papain-
urea preparation (1,100,000 units of papain and 100 mg/g of 
urea). This débriding ointment is stronger than collagenase 
and produces significant pain on application. For this reason, 
I do not use it on the face.

STATE-Of-THE-ART MANAGEMENT

In the acute phase of facial burn management, it is important 
to rule out heat injury to the upper aerodigestive passages and 
lungs. The etiology of the burn injury is the single greatest 
determinant of inhalational injuries. Burns that have occurred 
outdoors or in open environments are unlikely to cause inter-
nal heat injuries. In closed environments, particularly house 
fires, internal injury should be suspected (Fig. 22-4). Inhaled 
hot air can directly damage mucous membranes and cause 
edema. Swelling occurs within the first 24 to 48 hours and, if 
severe, may lead to airway obstruction and pulmonary insuf-
ficiency. In these cases, early endotracheal intubation should 
be performed. Nasotracheal intubation is preferred to the oral 
route because it can be easier to perform, is more comfortable 
when used for longer periods, and can be firmly secured. 
Fixation of the nasal tube is best done by transseptal suturing 
(2-3 or 3-0 silk), which provides good security and eliminates 
the need for tape on the face. When orally placed, the tube 
can be secured with interdental wires or sutures. If respiratory 
insufficiency is caused by heat injury, it is usually possible to 
extubate the patient after several days.

On admission, facial burns are débrided of all loose blis-
ters and eschar. Although there is debate about whether to 
open blisters, leaving fluid-filled blisters on the face may be an 
impediment to wound evaluation and healing. In very super-
ficial burns, particularly those involving the periorbital area, 
bacitracin ophthalmic ointment is used without dressings. 
Deeper burns may require more aggressive treatment, which 
is influenced by the anatomical location of the facial burn.

wounds may easily progress in depth and extent. Intravenous 
antibiotics are often of little value because they cannot reach 
the site of inoculation due to vascular thrombosis.

The most commonly used topical agents are bacitracin, 
silver sulfadiazine, mafenide acetate, and collagenase  
(Fig. 22-3). For superficial burns to the face, regular or oph-
thalmic bacitracin (Bacitracin, E. Fougera and Co., Melville, 
NY) is the preferred mode of treatment. It contains 500 mg/g 
of active agent and is a well-tolerated topical antimicrobial 
agent that causes minimal tissue reactivity. However, it offers 
no penetration of burn eschar, which is why its use is limited 
to superficial burns. In deeper partial-thickness and full-
thickness burns, 1% silver sulfadiazine (Silvadene or Therma-
zene, Kendall Company, Marsfield, MA) is commonly used 
because it has the advantages of good penetration of burn 
eschar and painless application. It combines the antimicrobial 
action of silver ions with sulfadiazine. However, Silvadene 
tends to produce a pseudoeschar if not used appropriately, 
and this may confuse assessment of the depth of the burn. 
Mafenide acetate (Sulfamylon, Butek Pharmaceuticals, Mor-
gantown, WV) at a concentration of 85 mg/g is a potent anti-
microbial and has the best eschar penetration, but it is 
associated with pain after application. Silvadene and Sulfamy-
lon must be kept away from the periorbital region because 
corneal ulceration, conjunctival edema and chemosis, and 
visual damage may result. In facial burns, all three antimicro-
bial agents are used in selective applications. In the periorbital 
area, bacitracin ophthalmic ointment is preferred, regardless 
of the depth of the burn, because it poses no risk to the eye. 
In the remainder of the face and scalp, 1% silver sulfadiazine 
may be liberally applied. Because of the known risk of carti-
lage exposure and suppurative chondritis from burns, Sulfa-
mylon is used almost exclusively on the ear.

The use of an enzymatic débriding agent such as coll-
agenase (Santyl Ointment, Knoll Pharmaceutical, Whippany, 
NJ) is helpful for superficial to deep partial-thickness burns. 
Santyl is a product of the bacterium Clostridium histolyticum. 
It can digest native and denatured collagen in devitalized 
tissue. In prospective studies, it improved healing and 
re-epithelialization times in partial-thickness burns com-
pared with Silvadene.3 Because most of the dry weight of 
necrotic and viable tissue consists of collagen, a débriding 

FIGURE 22-3  Commonly  used  topical  agents  for  facial  burns: 
Bacitracin, Silvadene, Sulfamylon, and collagenase. 

FIGURE 22-4  Patient with a likely inhalation injury with perinasal 
and perioral burns from a house fire. Bronchoscopy is mandatory. 
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In very deep scalp burns, the calvaria can become exposed, 
posing a difficult problem. Small areas heal by the enveloping 
development of granulation tissue, which may take several 
weeks. Management may occasionally require mechanical 
burring of the outer table of the calvaria to induce the forma-
tion of granulation tissue. If larger areas of the calvaria are 
exposed, local or free vascularized flaps may be necessary for 
coverage (Fig. 22-7). However, this does not need to be done 
immediately, because the exposed calvaria does not add any 
significant risk to the recovering burn patient, and it may be 
covered with moist dressings until the metabolic status has 
improved enough for the patient to undergo a major surgical 
procedure.

EYELIDS AND EYEBROWS

Any patient with periorbital burns must be assumed to have 
corneal injury until proven otherwise. Corneal injury may 
result directly from the burn injury or from the presence of 
a foreign body. Patients with flame burns usually do not have 
a corneal injury, but those exposed to explosions or chemical 
burns often do. Chemicals are particularly destructive to the 
cornea, especially alkaline fluids such as sodium hydroxide. 
The alkali combines with protein and fat to form soluble 
soaps, which penetrate and then irreversibly damage the epi-
thelial and stromal cells of the cornea. Acid burns are better 
tolerated in the eye than alkali burns because of the natural 
acid-buffering capacity of living tissue. Initial emergency 
treatment consists of copious, continuous irrigation with 
water or saline. Low-pressure (<1 psi) application of 0.9% 
saline with the lids retracted helps to ensure complete flush-
ing of the entire conjunctival sac.

It is important for an ophthalmologist to perform a fluo-
rescein dye examination within the first hours after injury to 
detect a corneal injury. Because the eyelids swell very quickly, 
an examination may not be possible the next day. Many 
corneal injuries heal with topical therapy, which usually 
includes antibiotic ointments and 1% atropine drops to 
prevent ciliary and iris sphincter spasm.

If the cornea is exposed, it must be kept lubricated to 
prevent desiccation. If the surrounding tissue has only minor 
burns, ophthalmic lubricating ointment with an overlying 
occlusive film may be adequate. If this is not possible in more 
severe burns, a scleral lens may be placed. In clinical practice, 
corneal coverage during the first few days after eyelid burns 
is not a problem because of the resultant edema, which pro-
vides a natural patching mechanism for 48 to 72 hours. The 
issue of corneal protection becomes relevant as the edema 
subsides and the globe is again visible. Historically, tarsor-
rhaphy was often used as a temporary method of eyelid 
closure, but contemporary burn care has moved away from 
this treatment because it is often ineffective at lid closure, is 
prone to separation, and can damage the lid margin, making 
future reconstruction difficult. I do not advocate its use. If 
some lid apposition is desirable, it is preferable to use a tem-
porary suture of 4-0 or 5-0 nylon placed between the gray 
lines of the lid margin off the corneal axis. In more severe 
cases of exposure, a conjunctival flap (i.e., Gunderson  
procedure) can help to preserve the integrity of the globe  
(Fig. 22-8).4

Most burns of the eyelids are partial thickness and  
heal spontaneously without significant scarring. For deep 

Tetanus prophylaxis is given to all burn patients unless a 
booster has been received in the past 5 years. Because routine 
administration of antibiotics does not protect against burn 
wound cellulitis or sepsis, their use in the acute setting is  
not recommended. Unless specifically indicated by obvious 
wound infection or positive culture results, liberal use of anti-
biotics contributes to the development of resistant organisms, 
a common problem in hospital burn units.

SCALP

The scalp is protected from burn injury by a covering of hair, 
a thick dermis, and an extensive network of subdermal 
vessels. Most scalp burns can be treated conservatively. The 
dermal appendages of hair and sweat glands, from which 
much epithelial regeneration emanates, extend very deeply 
and allow most burns of the head to heal. They usually do  
so with minimal hypertrophic scarring because they are 
stretched out over a tight skull and a maximum number of 
hair follicles can be preserved (Fig. 22-5). If the scalp burn is 
likely to heal within 2 weeks, conservative management is 
warranted. For deeper scalp burns, easy removal of hair fol-
licles is one indicator of a completely irreversible dermal 
injury. If early excision is needed—usually indicated by an 
unmistakable white, leathery appearance—the underlying 
galea, pericranium, or developing granulation tissue makes 
an excellent bed for skin graft acceptance (Fig. 22-6). Tangen-
tial excision in the scalp can result in rapid and significant 
blood loss, even if its surface area is relatively small. It may 
be helpful to tumesce the scalp with a dilute solution of epi-
nephrine (1 : 1,000,000) before excision to control the blood 
loss and reduce the tendency for excessive electrocoagulation 
of bleeding vessels, which adds another thermal insult.

In occipital scalp burns, the skin is burned and is also 
exposed to continuous pressure when the patient is in the 
supine position on the bed. This combination increases the 
risk of full-thickness tissue necrosis down to the galea and 
bone. Soft head support and frequent changes in position 
help to control progression of the burn injury in this area. 
Pressure-relief mattresses and beds are often used for the 
more severely burned patients.

FIGURE 22-5  Superficial  scalp burn  from house fire will heal on 
its own. 
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Although postponement of eyelid grafting permits it to be 
done under more favorable wound-healing conditions, 
corneal exposure or significant lid deformity may develop in 
cases of severe burns. For these patients, early skin grafting 
can be performed, with the realization that subsequent con-
traction and development of ectropion may require further 
graft reconstruction. Complete loss of significant eyelid tissue 
(i.e., lid margins and large amounts of upper and lower eyelid 
tissues) is rare. These cases can be treated with an early mas-
querade technique, in which the upper and lower eyelid con-
junctivae are sewn together and overlaid with a skin graft.4

Development of burn ectropion of the eyelids, particularly 
the lower lid, is a common sequela of significant periorbital 
burns, whether they are primarily grafted or not. Ectropion 
may result from an intrinsic mechanism of eyelid contracture 
or an extrinsic mechanism of surrounding periorbital tissue 

partial-thickness or full-thickness burns involving extensive 
skin loss on the eyelids, skin grafting is necessary as soon as 
the eschar separates and a healthy bed of granulation tissue 
develops. Unlike the approach to other facial areas, eyelid 
burn excision is more theoretical than practical. It is too easy 
to remove the underlying orbicularis and levator muscles, 
rendering the eyelid immobile if it is not already so from the 
depth of the burn. Direct excision of the burn wound is rarely 
performed. If skin grafting is necessary, I prefer to use full-
thickness facial or neck skin on a delayed basis for recon-
struction. A full-thickness skin graft of upper eyelid skin is 
ideal, but in most cases both eyelids are burned, eliminating 
this option. After application of the autograft, maximal 
immobilization of the graft to the eyelids must be obtained. 
The grafts are best secured by tie-over bolster dressings, 
which remain in place for 5 to 7 days.

FIGURE 22-6  Deep, partial-thickness scalp burn required excision and skin grafting. A, Appearance 
of the scalp on admission. B, Nonhealing scalp burn 10 days later after treatment with topical Silvadene. 
C, Tangential excision and meshed split-thickness skin grafting. D, Healing result 10 days later. 

A

B

D

C
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NOSE

Burns to the nose are common because of its prominent posi-
tion on the face, and the nose is affected in most facial burns. 
The thick dermis of the nose, particularly in men, and its rich 
blood supply account for the high incidence of partial-
thickness injuries (Fig. 22-9). In contrast to eyelid injury, 
burns of the nose usually do not impose the risk of significant 
functional deformity because the underlying structural 
framework of cartilage, bone, and mucosal lining is spared. 
However, the nose has a profound effect on the patient’s self-
image, and a well-healed, nondeformed nose is desirable.

The main goals of primary nasal burn treatment are to 
conserve as much tissue as possible and to prevent further 
injury by iatrogenic means. The initial treatment is to apply 
bacitracin ophthalmic ointment for more superficial burns 
and 1% Silvadene for deeper burns. Débridement should be 
minimal, and excision of the burn can be delayed for 2 to 3 
weeks to allow maximal time for demarcation and skin sur-
vival. In severe burns with more extensive systemic involve-
ment for which pulmonary management is necessary, 
endotracheal and nasogastric tubes must be secured so that 
they do not cause further skin injury through pressure necro-
sis or adhesive tape tension. This may be accomplished by 
transseptal suturing of nasal tubes or by use of the oral route 
if tube placements are likely to be brief. If it appears that the 
patient is at risk for nostril stenosis due to significant alar 
involvement, splints can be fabricated and placed early.5

EAR

Most facial burns involve the ear. The skin overlying the 
auricular cartilage is very thin and is susceptible to full-
thickness thermal injuries. Even if the ear is not severely 
burned, suppurative chondritis may develop weeks after the 
initial injury and may complicate management. Pressure 
from pillows and circumferential dressings may further 
damage the ear.

Initial treatment of burned ears has changed significantly 
over the past 30 years. The original approaches employed 
early débridement and grafting. Although this technique was 
effective, significant ear deformities were common. Because 
75% of burned ears heal without grafting, less radical excision 
of only obviously necrotic skin and exposed cartilage is now 
performed (Fig. 22-10).5 A regimen of minimal débridement 
and twice-daily application of Sulfamylon (because of its 
better penetration of relatively avascular cartilage) is used in 
most centers. Sulfamylon is applied thickly and often enough 
to prevent desiccation of the ear. If the cartilage is exposed, 
time is allowed first for granulation tissue to develop from the 
normal skin edges, which may take weeks. This produces a 
better recipient bed for later skin grafting. If the cartilage 
remains exposed, skin grafting is ultimately performed over 
its cut edges after débridement back to bleeding tissue. Rarely, 
the cartilage from an isolated, severely burned ear can be 
covered by a temporal fascial flap based on the temporal 
vessels.

Some burn centers employ a topical treatment of antibiotic 
iontophoresis in place of or in addition to Sulfamylon topical 
cream for the burned ear. Iontophoresis involves the applica-
tion of gentamicin sulfate antibiotic (5-10 mg/mL) as a cream 
or soaked on gauze to the ear, with subsequent application of 

contracture, or both. In all cases, secondary reconstruction 
with release and skin grafting is necessary, and this potential 
need must be appreciated from the outset of management. 
The dynamic nature of the eyelids combined with their thin 
tissue quality makes their function very unforgiving of deep 
partial-thickness and full-thickness burns.

Eyebrows are frequently singed in flash burns and 
explosive-type injuries. In these circumstances, regrowth 
almost always occurs. Significant full-thickness injury to the 
eyebrows may occur with severe burns of the eyelids. Although 
most follicles lie within the subdermal level, a full-thickness 
skin injury usually irreversibly damages them. Even if a few 
follicles survive, they are of no value because the overlying 
skin must be completely débrided and grafted. Secondary 
eyebrow reconstruction is delayed until the patient has recov-
ered, and it is often one of the last reconstructive procedures 
performed.

FIGURE 22-7  Full-thickness  burn  of  the  anterior  scalp  and  fore-
head. A, Three days after admission. B, Ten days after sheet grafting 
with split-thickness skin. 

A

B
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tender, swollen ear. Purulence is uniformly present, is often 
green, and is usually found by culture to be Pseudomonas 
aeruginosa (in most cases) or Staphylococcus aureus. The burn 
may be healed by that time, and cartilage might never have 
been exposed. Prompt treatment is necessary to prevent loss 
of all ear cartilage. The abscess is opened through a limited 
bivalving incision, and cartilage is débrided as necessary. Sys-
temic antibiotics are given in conjunction with topical Sulfa-
mylon. Because of the cartilage débridement and subsequent 
wound contracture, the esthetic outcome is usually poor, and 
some patients lose most of the ear. Prevention is paramount, 
and aggressive early treatment is essential, including antibi-
otic iontophoresis if it is available.8,9

LIPS AND MOUTH

The constant motion of the lips and exposure to contami-
nated salivary fluids make care of burn injuries in this area 
different from that for other parts of the face. This area com-
monly develops hypertrophic scarring and contracture after 
being burned. Because the mouth provides access for eating, 
hygiene, and intubation, early treatment often focuses on pre-
vention of microstomia. The risk of microstomia usually 
results from a severe burn in the perioral area, which causes 
narrowing of the mouth, or from an electrical burn of the oral 
commissure. In either case, the use of splinting devices is the 
mainstay of primary treatment.

Oral splinting devices should be fabricated and inserted 
as soon after the burn as possible. Except for the most 
severe injuries, tangential excision or excision of lip burns 
is rarely done. Lip burns typically are allowed to demarcate 

a direct electrical current (positive electrode of 10-15 mA for 
gentamicin). A ground (negative pole) is placed somewhere 
else on the body. There is good experimental evidence for 
antibiotic penetration into cartilage with this technique, and 
clinical reports support its effectiveness.6,7 However, it is not 
clear that it prevents suppurative chondritis, and it is more 
cumbersome than Sulfamylon cream alone. Its greatest benefit 
may be as an adjunctive treatment in established chondritis, 
because it may minimize the need for significant amounts of 
cartilage resection.

Avoiding pressure on the ear is another important aspect 
of primary management. The patients should not be allowed 
to use pillows, which are an unappreciated source of pressure. 
If necessary, foam can be placed around the pinna to prevent 
further pressure, but this method is rarely used. No external 
wound dressings are needed for ear coverage, because antibi-
otic cream is sufficient.

All burned ears have the potential for suppurative chon-
dritis, which is often not seen until weeks after the initial 
injury. The symptoms of infectious chondritis are a red, hot, 

FIGURE 22-8  In  severe,  full-thickness  eyelid  burns,  the 
globe can be protected by raising and closure of upper and 
lower conjunctival flaps, which are covered by a skin graft. 
A, Outline of conjunctival flaps. B, Sharp elevation of con-
junctival  flaps.  C,  Suturing  upper  and  lower  conjunctival 
flaps  together  for  corneal  coverage. D,  Vascularized  con-
junctival bed for skin graft placement. 

A B

C D

FIGURE 22-9  Partial-thickness perinasal burn will heal on its own 
with topical therapy. 
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dental-based splint is preferred because it attaches to the 
maxillary teeth and palate intraorally and is less obtrusive 
than other devices. However, it requires adequate intraoral 
access for dental impressions, which frequently is difficult, 
even in the operating room. The other types of microstomia 
splints do not have to be custom made and are easier to apply, 
although they are more visible.

and heal on their own. Early and continual resistance of 
contracture for months is usually the best treatment 
approach, because successful reconstruction of microstomia 
can be difficult.

Splints are categorized according to their point of anchor-
age: external (e.g., head and neck straps), self-retaining lip 
splints; and dental or orthodontic appliances (Fig. 22-11). A 

FIGURE 22-10  Partial-thickness  ear  burns.  A,  Superficial  partial-thickness  ear  burn  3  days  after 
injury. B, Spontaneous healing 3 months after injury. C, Deeper partial-thickness ear burn on admission. 
D, Complete healing 1 month after  injury. E, Combination partial- and  full-thickness ear burn 3 days 
after admission. 
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NECK

The neck is frequently involved when the face is burned, 
although it is unusual to have extensive involvement if there 
are not also significant upper trunk burns. The neck is often 
spared in flash burns due to protective clothing, but it can be 
deeply burned in flame injuries when clothes are ignited. 
Significant deep neck burns signify greater systemic involve-
ment, and these patients often require fluid resuscitation and 
intubation. The neck is the rotational mechanism for the 
head, and deep burns can lead to contracture and a functional 
deformity that restricts movement.

Superficial and partial-thickness burns of the neck are lib-
erally covered with Silvadene until the demarcation of the 
wound is clear. Partial-thickness wounds, particularly in men 
because of the re-epithelialization capabilities of hair-bearing 
skin, are allowed to heal on their own. In patients with full-
thickness neck burns, early excision of the wound is accom-
panied by the application of a homograft (if the wound bed 
is uncertain) or large sheets of relatively thick (0.018- to 
0.020-inch) split-thickness skin grafts. Not meshing and 
expanding the skin graft helps to prevent postoperative con-
tracture and gives a better esthetic result, but graft failure is 
more likely because of the inevitable postoperative move-
ments of the neck that occur and the build-up of subgraft 
fluid. A good compromise is to use meshed split-thickness 
skin but with no minimal expansion (Fig. 22-14). An overly-
ing compression dressing or bolster is preferred, but this is 
not practical in most burned patients with significant skin 
involvement.

Early excision and coverage of deep neck burns are par-
ticularly important in patients who have an inhalation injury 
requiring extended mechanical ventilatory support (>2-3 
weeks). After the neck is successfully grafted and healed, a 
tracheostomy can be placed through healthy surrounding 
skin or an intact skin graft.

REMAINDER Of THE fACE

Treatment of burns to areas other than the eyelids, ears, 
nose, and lips differs somewhat from the approach to those 
regions. The remaining areas of the face have high esthetic 
significance but a more favorable geometry, being flatter 
and covering greater surface areas. They do not impinge 
significantly on most of the important facial functions. As 
in all reconstructive facial surgery, the esthetic unit princi-
ple applies to the management of burns in these areas  
(Fig. 22-15).

Facial burns are initially treated, as previously described, 
by débridement of loose blisters, daily cleaning, and coverage 
with topical antibacterials. The critical management differ-
ence is that if the burns are not healed or expected to heal 
within 3 weeks of the injury on their own, primary excision 
and grafting is done. This more aggressive approach to burns 
in these facial areas yields a better appearance and function 
than that obtained by allowing spontaneous healing over 
more than 3 weeks or grafting on granulation tissue. The 
magnitude and number of subsequent reconstructions are 
decreased with this technique.12 The esthetic facial units 
judged to be incapable of healing within 3 weeks are excised; 
occasionally, small unburned or healed areas must be included 
in the excision to preserve the esthetic unit (Fig. 22-16). 

Oral commissure burns are common and are easily treated. 
This injury typically occurs in toddlers younger than 5 years 
of age, often a small child who places an electric cord in the 
mouth. After chewing violates the cord’s plastic cover, saliva 
creates an electrical short circuit, and an arc is created. This 
produces high heat, up to 3000° C, and chars the portion of 
the mouth that is in contact with the arc.10 This energy causes 
extensive local tissue destruction at the commissure, includ-
ing a zone of full-thickness burn (Fig. 22-12). No treatment 
is needed immediately other than the application of bacitra-
cin ointment and warning to the parents that bleeding from 
the labial artery may occur as the eschar separates several 
weeks after the injury. Although initially frightening, the 
bleeding is easily controlled by manual compression. Pro-
vided that the child can take fluids and nourishment, there is 
no need for immediate hospitalization. After allowing several 
weeks for eschar separation and healing, a palatal splint is 
fabricated and worn for up to 6 months after the injury on an 
almost continual basis. With good compliance, subsequent 
surgical correction usually is unnecessary (Fig. 22-13).11

FIGURE 22-11  Splinting  of  the  oral  commissure  is  important  in 
treatment of a perioral burn. The splints are applied early after graft-
ing,  when  the  wound  is  stable.  They  may  be  used  for  months  to 
counteract sphincteric contractures. In this case, the splint is an extra-
orally based device with a circumferential strap. 

FIGURE 22-12  The  classic  electrical  oral  commissure  burn  is  a 
full-thickness injury with a well-demarcated eschar. 
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Some form of postoperative compression of the grafts 
(e.g., foam, compression garments) is important, and the 
grafts must be carefully inspected postoperatively several 
times daily to check for subgraft fluid. Any hematomas or 
seromas are removed through small graft incisions placed in 
the relaxed skin tension lines. Once healing has occurred, 
pressure garments or masks must be worn to lessen the inci-
dence of hypertrophic scarring.

Excised areas are initially covered with homograft for 48 
hours, allowing the egress of serum and blood. Thereafter, 
thick split-thickness grafts (0.018-0.025 inch) are harvested 
and placed in an unmeshed fashion according to the esthetic 
unit guidelines (see Fig. 22-16).13 In burns of smaller surface 
area, a better color match can be obtained from scalp, neck, 
or inner upper arm skin. If the entire face is to be grafted, 
color match becomes an irrelevant issue.

FIGURE 22-14  Skin grafting to the neck is usually done as sheet grafts (unmeshed, split thickness) 
to  decrease  the  risk  of  contractures  and  to  improve  the  esthetic  result. A,  One  week  after  grafting. 
B, One month after grafting. 

A B

FIGURE 22-13  An electrical burn of the oral commissure was managed without surgery. A, Extent 
of  injury. B, Use of a splint appliance  for 3 months. C, Healed result after 1 year. D, Oral opening 
after 1 year. 

A B

DC
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Early excision and grafting of facial burns produces better 
results than delayed excision or spontaneous healing. Subse-
quent reconstruction is often limited to junctures, seams, and 
smaller areas. However, patients who require therapy usually 
have extensive or deep facial burns and therefore rarely have 
a normal appearance of the burned areas (see Fig. 22-16). 
This approach should be reserved only for these more difficult 
facial burn problems. If the facial burn can heal spontane-
ously within 3 weeks, it is better left alone.

FIGURE 22-15  Esthetic facial units. 

A C

B

FIGURE 22-16  Sheet grafting  (unmeshed, split  thickness)  to  the 
face  is  done  by  esthetic  units.  A,  Lateral  view.  B,  Frontal  view.
C, One year after grafting. 

CONTROVERSIES

Many aspects of facial burn management are controversial. 
Contentious areas include the choice of topical agents, early 
versus late excision and closure of the wound, options  
for limited versus full facial coverage, and the timing of 
reconstruction.

For topical agents, most burn centers no longer use Silvad-
ene routinely and are more aggressively using enzymatic 
débriding ointments. The current approach focuses on pre-
vention of pseudoeschar formation, which is critical in  
preventing a subeschar proliferation of bacteria, a known 
mechanism for making burn wounds deeper. Prevention of 
eschar formation can improve the speed of healing, leading 
to earlier closure of the wound and decreased likelihood of 
hypertrophic scarring. Without eschar formation, the physi-
cian is better able to assess whether the wound can heal. For 
the face, this usually translates to a mid-to-late execution of 
tangential excision. Typically, at least 5 to 7 days should pass 
before tangential excision of the face is carried out. At that 
point, the potential for the wound to heal on its own should 
be evident.

Controversy still exists regarding the choice of options for 
limited facial burns. It is traditionally better to excise and 
cover esthetic facial units as a whole. However, this is often 
impractical, such as in a hemi-forehead burn that would 
require the sacrifice of much normal tissue. In this circum-
stance, it is better to think of how primary grafting could be 
improved by secondary reconstruction. Primary excision and 
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grafting of a subesthetic unit may be eliminated or improved 
by secondary reconstruction through the use of tissue expan-
sion or other local flap techniques. The esthetic unit concept 
is not valid in all cases. If only a small amount of normal skin 
exists as part of the esthetic unit, it is probably better to 
remove these areas.

The best donor match for facial burns is the neck, but this 
is a limited source. Other options must be considered, includ-
ing upper arm and upper chest skin. For larger burns in 
which full facial coverage may be needed, a large, thick 
(0.0015- to 0.0018-inch) sheet graft from the upper back is 
useful. The color and texture may not be ideal, but it will be 
homogenous throughout the grafted skin.

The timing of contracture or hypertrophic scar releases 
is being revised. Historically, contracture releases were not 
carried out until scar maturation had occurred, which could 
take 18 to 24 months. In contractures of the eyelid or neck, 
this is not ideal because of the functional restrictions 
imposed. Current preference is for earlier releases and  
coverage to shorten the period of functional impairment. 
This is particularly useful for eyelid and oral burn scar 
restrictions.
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23
Facial Scar Management

C HA P T E R 

Edward Wai-Hei To, Man Kwon Tung, Chi Wang Peter Pang

The face is essential for the expression of emotion and 
physical state. Scars on the face, in particular, are a 
stigma in human society and can isolate a person from 

social contacts. Facial wounds are commonly the result of 
road traffic accidents, windshield injuries, assaults, animal 
and human bites, and war injuries. Facial wounds should be 
aggressively treated to avoid the consequence of an unsightly 
scar. The presence of separate esthetic units and combined 
injuries to bone, skin, and vital structures require special 
attention in the assessment and treatment of facial wounds 
and subsequent scars.

Although facial scar management is an elective procedure, 
the appropriate management of acute facial wounds dramati-
cally affects the quality and quantity of scar tissue formation, 
thus affecting the need for and results of secondary scar revi-
sion procedures. It is therefore essential to understand and 
make use of the principles of wound healing.1-3

PRINCIPLES OF WOUND HEALING

Acute Inflammation
As soon as tissue is damaged, the wound is filled by a coagu-
lum. Nerve impulses are generated at the injured site, and the 
substances released by the damaged cells cause local hyper-
emia and increased permeability of the vessel wall. This acute 
inflammatory reaction is the initial step and cornerstone of 
the healing process. Platelet degranulation and activation of 
the complement and clotting cascade form a fibrin clot for 
hemostasis. Chemotactic agents including epidermal growth 
factor (EGF), insulin-like growth factor 1 (IGF-1), platelet-
derived growth factor (PDGF) and transforming growth 
factor-β (TGF-β) are released during platelet degranulation. 
Recruitment of neutrophils, macrophages, epithelial cells, 
mast cells, endothelial cells, and fibroblasts follows. Inflam-
matory cells proliferate and differentiate for phagocytosis, 
with further release of cytokines, and form granulating tissue.

The second phase, known as the proliferative phase, spans 
days 5 to 14 after injury. Capillaries and fibroblasts invade the 
coagulum in the wound. This new tissue is known as granula-
tion tissue. Blood supply to the area remains high, but perme-
ability of the vessel walls is restored to normal and edema 
resolves. However, prolongation of the inflammatory process 
as a result of infection, presence of foreign bodies, and delay 
in treatment increases the activity of fibrogenic cytokines 
such as TGF-β and IGF-1, thereby increasing the chance of 
hypertrophic scar development.

During the maturation phase of wound healing, the col-
lagen scaffold is being remodeled, resulting in increased 
tensile strength. This process continues for about 1 year under 
normal conditions.

Scar Formation
In a scar, type I collagen is laid down by fibroblasts. Its appear-
ance ranges from an inconspicuous line to keloid that over-
grows the original wound. This process begins on day 4 of 
wound healing, when the fibroblasts start synthesizing extra-
cellular collagen. The activity of the fibroblasts is increased by 
fibroblast activation factor, which is liberated by macro-
phages. Capillaries develop from the vascular endothelium 
and form a dense vascular network within the newly formed 
connective tissue. Myofibroblasts differentiate into fibroblasts 
and produce type I collagen, giving the scar stability. Capil-
laries are then obliterated, and the original multitude of cells 
is reduced to a few cell types.

Various factors cause persisting stimulation of the wound, 
resulting in enhanced cicatrization. Therefore, care is needed 
to remove all foreign bodies and prevent infection. Adequate 
débridement should remove all necrotic tissue, and further 
trauma should be avoided by use of an atraumatic suturing 
technique.

FACTORS AFFECTING WOUND HEALING

GENERAL FACTORS

The process of healing is more rapid in young patients. 
Patients with protein, vitamin, or trace element deficiency 
heal more slowly. Chronic illnesses such as anemia, uremia, 
uncontrolled diabetes, or immunosuppressive states decrease 
wound-healing capacity. The long-term use of steroids or 
immunosuppressive agents for treatment of other medical 
illnesses could change the inflammatory phase of the wound 
and lead to delayed formation of new tissue.

LOCAL FACTORS

Blood Supply
A healing wound needs energy and building materials such 
as oxygen, glucose, amino acids, vitamins, and trace elements. 
The blood supply to the wound affects the availability of 
oxygen to the tissue. Blood supply is decreased in the state of 
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(RSTLs), its location and pattern, the degree of tissue trauma, 
presence of foreign bodies, degree of contamination,  
and individual tissue response determine the final scar 
appearance.

Every wound that involves the dermal papilla produces a 
scar. The most important prognostic factor for the final 
appearance of the scar is how the wound was inflicted rather 
than how it was sutured. Surgical technique is important in 
alleviating the damage caused by the injury but cannot totally 
reverse it.

LACERATED WOUND

Laceration causes minimal tissue loss. Contamination is 
usually limited. However, the deep structures such as  
nerves and underlying organs should be examined for any 
injury.

CRUSH WOUND

Crush injury is caused by blunt trauma. The wound edges are 
often irregular, and tissue is lost (Fig. 23-1). All obviously 
devitalized tissue should be débrided. Traumatized tissue 
may be left behind, because the blood supply of the facial skin 
is rich and the chance of recovery is high. Unjustified débride-
ment of facial skin leads to disfigurement, deformity, loss of 
function, and creation of a bigger scar.

CONTAMINATED WOUND

Contaminated wounds must be cleansed thoroughly. Deep-
seated debris encourages inflammation, allergic reactions, 
and infection, whereas debris embedded within the superfi-
cial dermis becomes an unsightly “traumatic tattoo” if left 
unattended. Thorough scrubbing with a brush while the 
patient is under general anesthesia is necessary in the acute 

shock and in patients with arteriosclerosis or diabetes. Hema-
toma underneath the wound raises the skin flap, resulting in 
an impaired blood supply to the tip of the flap via the reticular 
dermal plexus and causing necrosis of the wound edge and 
secondary infection. Although the face is rich in blood supply, 
necrosis of wound edges leads to undesirable scars.

Necrotic Tissue
The facial skin has a rich blood supply, and débridement should 
be minimal, because most of the tissue will survive and heal.

However, necrotic tissue at the wound edges, caused by 
direct trauma to the skin, can harbor bacteria. It should be 
trimmed off before suturing, because devitalized tissue pro-
vides an anaerobic medium for the multiplication of anaero-
bic microbes as well as other microorganisms.

Foreign Bodies
Depending on the mechanism of injury, foreign bodies are 
common in certain trauma scenarios. Organic foreign bodies 
(e.g., wooden splinters, soil) and inorganic foreign bodies 
(e.g., glass or metal shards) should be removed thoroughly 
during the acute treatment of wounds. These materials not 
only provide a nidus for bacteria but prolong the inflamma-
tory response of the wound, causing scarring, recurrent infec-
tion, and traumatic tattooing.

Previous Irradiation
The patient’s head and neck area may have been irradiated for 
the treatment of cancer or other clinical conditions. The radi-
ation effect to the skin is permanent if the radiation exceeded 
15 to 20 Gy over a relatively short period. Radiation-induced 
atrophy is usually noticed weeks to months after the initial 
exposure, although further atrophic changes may evolve over 
1 or 2 years. The skin is thinned, dry, and hyperkeratotic. 
Telangiectasia and hyperpigmentation or hypopigmentation 
are usually prominent features. In the upper dermis, capillar-
ies are reduced in number, and the capillaries, venules, and 
lymphatics are often widely dilated. Wound healing of irradi-
ated skin is usually slower than that of normal skin, and 
complications such as infection and dehiscence are more 
common. Irradiated skin wounds are usually inelastic, and 
the edges are difficult to approximate in the usual manner.

Infection
Infection of the wound causes an inflammatory reaction and 
edema. There is an increased number of inflammatory cells, 
as well as fibrinolysis and breaking down of collagen; hence, 
the tensile strength of the wound is affected.

Common bacteria causing skin infection are commensals 
such as Staphylococcus and Streptococcus species. Wounds 
that communicate with the nasal or oral cavities may be con-
taminated with anaerobes. Antibiotics usually are not neces-
sary if there is adequate débridement and cleaning of the 
wound. Booster tetanus immunization is mandatory in 
appropriate cases.

TYPES OF WOUND

The nature of the wound is the most important determining 
factor for the final result of wound healing. The orientation 
of the wound in relation to the resting skin tension lines 

FIGURE 23-1  Badly  crushed  open  facial  fracture  after  a  traffic 
accident. 
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TRIMMING OF NECROTIC TISSUE

The potential for skin recovery in blunt facial trauma is great 
because the blood supply of the face is abundant. Trimming 
should therefore be limited to obviously dead tissue. The 
trimming of other tissue such as muscle and nerve should be 
minimal because it leads to depressed scars and loss of 
function.

FUNCTIONAL AND ANATOMICAL REPAIR  
IN LAYERS

Facial appearance and expression depend on the integrity and 
function of the underlying musculature. Failure of functional 
and anatomical repair leads to depressed scars, tethering of 
the overlying skin, or facial asymmetry.

stage of wound treatment. This can avoid further treatment 
after the wound has healed.

POTENTIALLY CONTAMINATED WOUND

Wounds that communicate with the nasal or oral mucosa are 
potentially contaminated by the presence of normal flora, 
secretions, and anaerobes. They should be closed as soon as 
possible (i.e., within 6 hours), and patients should be pre-
scribed antibiotics for gram-positive cocci and anaerobic 
bacteria.

PENETRATING WOUND

Care should be taken in treating penetrating wounds and 
deep lacerations, because important structures can be 
damaged. A thorough examination should be carried out and 
a plan for wound exploration prepared if necessary.

MANAGEMENT OF ACUTE WOUNDS

TIMING

Treatment should be undertaken as early as possible and pref-
erably with the patient under general anesthesia to reduce 
discomfort and speed up healing. Delay in wound closure 
increases the risk of infection. For wounds with a low risk of 
infection, the “golden period” is within 12 to 24 hours after 
injury. With contaminated wounds or immunocompromised 
patients, primary closure should be achieved within 6 hours. 
If the wound carries a high risk of infection, delayed primary 
closure should be used. However, poor cosmetic outcome, 
prolonged patient discomfort, and inconvenience are nega-
tive factors of this approach and should be thoroughly dis-
cussed with the patient.

DÉBRIDEMENT WITH SCRUBBING

Particles of dark color (e.g., dirt, sand, gunpowder) will result 
in a traumatic tattoo if they remain in the wound. Such dis-
coloration tends to be permanent. This can be easily dealt 
with by débridement or scrubbing in the acute stage, and 
these preventive measures cannot be overemphasized (Figs. 
23-2 and 23-3).

THOROUGH IRRIGATION TO  
REMOVE FOREIGN BODIES

It has been said, “The solution to pollution is dilution.” 
Normal saline irrigation remains the best, most economical, 
and most readily available solution to the problem of con-
tamination. Other antiseptics such as povidone-iodine or 
hydrogen peroxide are sometimes used; however, these agents 
can induce tissue reaction, inflammation, and possibly toxic-
ity and should be avoided.

Pressurized irrigation is used in contaminated wounds to 
remove soil or small foreign bodies. The optimal pressure for 
irrigation remains debatable, but too high a pressure increases 
tissue trauma. The recommended pressure of 5 to 8 lb per 
square inch can be achieved by use of a 16- or 19-gauge 
needle.

FIGURE 23-2  Fine  foreign  bodies  embedded  in  an  abraded 
wound. 

FIGURE 23-3  Clean abraded wound after scrubbing. 
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that communicate with the oral cavity.5 In medical conditions 
such as rheumatic heart disease or when host resistance is 
compromised, as in patients with uncontrolled diabetes and 
those taking steroids or immunosuppressive agents, antibiot-
ics should also be commenced systemically and early. Com-
monly encountered organisms are streptococci, staphylococci, 
and gram-positive bacteria. Penicillin and cloxacillin are the 
drugs of choice. Patients who are sensitive to the penicillin 
group should be given erythromycin.

Topical antibiotics (e.g., chloramphenicol ointment) are 
definitely beneficial. (Very rarely, significant side effects of 
chloramphenicol have been reported, even when used topi-
cally, and in some hospitals its use is prohibited.) Elimination 
of local infection can reduce the chance of keloid and hyper-
trophic scar formation.

It is best not to leave any foreign bodies, even stitches, in 
the wound. If stitches are required at the subcuticular level, 
the first choice is plain catgut. Synthetic absorbable sutures 
such as Vicryl are now commonly used to avoid the potential 
problem of Creutzfeldt-Jakob disease. Stitches that are dis-
solved by hydrolysis rather than by inflammation have a 
lower chance of causing keloid and hypertrophic scars. The 
best result comes from using nonabsorbable monofilament 
stitches that are removed on day 3 to 7.

Tetanus passive immunization should be given if neces-
sary. A booster dose should be given if the patient’s previous 
immunization was more than 10 years ago. Active immuniza-
tion should be given if the wound is heavily contaminated.

ASSESSMENT OF EXISTING SCAR

TYPES OF SCAR

Good Scar
A desirable scar should be inconspicuous with the face at rest 
as well as in the dynamic situation. It should be flat, the same 
color as the surrounding skin, soft, narrow, and oriented in 
the same direction as the RSTL.

Bad Scar
A bad scar causes disfigurement and catches the observer’s 
eye. It is usually raised or depressed, hyperpigmented or 
hypopigmented, wide, and crossing the RSTL. However, the 
disfigurement may also be exaggerated in the patient’s mind. 
This largely depends on the patient’s gender, cultural back-
ground, profession, and attitudes. Therefore, before deciding 
the best method of revision of a scar deformity, it is important 
to communicate clearly with the patient and forestall any 
disappointment. It should be emphasized to the patient that 
a scar can only be improved or reduced and not completely 
erased.

Depressed Scar
A depressed scar commonly occurs running perpendicular to 
the RTSL as a result of wound closure under tension (Fig. 
23-5). Hematoma formation, wound infection, and inverted 
wound closure are the common causes of a depressed scar. It 
may also result from initially deep injury with loss of subcu-
taneous tissue and contracted fibrous tissue adhering to 
underlying fascia and muscle. Meticulous layered closure of 

DAMAGE TO FACIAL STRUCTURES

Deep laceration is likely to damage underlying or adjacent 
organs or structures. Early identification and surgical repair 
are necessary to avoid unnecessary complications.4

The facial nerve emerges from the skull base via the stylo-
mastoid foramen. It emerges into the parotid gland from the 
posteromedial surface and divides into two main trunks,  
the temporozygomatic and cervicofacial branches. They are 
further divided into five branches: temporal, zygomatic, 
buccal, marginal mandibular, and cervical. They remain 
under the superficial musculo-aponeurotic system (SMAS) 
until the line shown in Figure 23-4. The function of the facial 
nerve should be tested if the clinical situation allows. Wounds 
superficial to the SMAS behind the line are unlikely to have 
injured the facial nerve and need not be explored.

Parotid duct injury should be suspected if the wound is 
situated at the anterior border of the parotid gland or if there 
is salivary leak. The duct should be repaired with absorbable 
sutures. Untreated parotid injury leads to fistula formation.

The nasolacrimal duct connects the lacrimal sac at the 
medial canthus, slopes downward and laterally, and drains to 
an opening in the inferior meatus. Its injury should be sus-
pected if there is a wound or previous suturing at or below 
the medial canthus. Cannulation of the duct with a fine probe 
is necessary before the wound is explored or sutured at that 
area.

APPROPRIATE USE OF ANTIBIOTICS  
AND SUTURING MATERIALS

Routine systemic antibiotics are not necessary. The use of 
antibiotics should be tailored based on host defense status, 
degree of contamination, mechanism of injury, and likeli-
hood of wound infection. Débridement is the most important 
step in cleaning up the wound, and antibiotics should not be 
a substitute.

Prophylactic antibiotics are necessary if the wound is 
expected to be contaminated, such as animal bites or wounds 

FIGURE 23-4  The course of facial nerve branches and the maximal 
extent of dissection deep to the superficial musculo-aponeurotic system. 
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with hyperpigmentation. Topical tretinoin is useful in the 
treatment of hyperpigmentation, but avoidance of sunshine 
until the scar matures is the best way to combat this condi-
tion. Laser treatment has been used for hyperpigmentation 
with limited success.

Stitch Marks
Tensionless suturing is the best way to avoid stitch marks. To 
minimize stitch marks, the use of skin hooks rather than 
forceps and a subcuticular method of suturing are desirable. 
If a simple interrupted suturing technique is adopted, fine 
sutures (i.e., 7-0) should be used and early removal (i.e.,  
3 days) is preferred.

Step-off Deformities
Step-off deformities are the result of inaccurate epidermal 
closure. Dermal abrasion and laser resurfacing with laser are 
commonly used techniques for this kind of scar. Generally, 
excision and resuturing are necessary if the step is greater 
than 1 mm (Fig. 23-7).

Painful Scar
Entrapment of a nerve ending in a healing wound results in 
a painful or tender scar. If conservative treatment with oral 
analgesic is not effective, the wound should be re-explored. 
The nerve should be cleancut and allowed to retract away 
from the wound and into muscle, if possible.

Patient’s Tissue Response
The patient should be examined to detect the presence of 
other scars to determine whether there is a tendency to form 
keloid or hypertrophic scars. However, the presence of a well-
healed scar can be misleading, because the formation of 
hypertrophic or keloidal scars depends heavily on other 
factors such as the degree of tissue crushing during trauma, 
orientation of the wound, and the site of the scar.

The mechanism of initial injury is the single most impor-
tant factor in determining the formation of a scar. Blunt 
trauma injuries and crushed wound edges do badly compared 
to cleancut wounds. The presence of foreign bodies prolongs 
the inflammatory reaction and increases the likelihood of bad 
scar formation. Tissue loss and healing by secondary inten-
tion leads to an unsightly scar.

the wound is important to prevent depressed scars. Tissue 
augmentation or dermabrasion or laser resurfacing can 
achieve recontouring of smaller depressed scars.

Z-plasty or W-plasty is used to correct the underlying 
tension problem, excising and elevating the scar in the same 
operation. Depression due to adherence of scar tissue to 
underlying structures requires excision of the scar, under-
mining of the subcutaneous tissue, and closure in layers to 
avoid recurrence.

Curved Scar
Healing of a curved scar produces contraction along the scar, 
resulting in a purse-string effect (Fig. 23-6). This produces a 
“trapdoor” appearance of the scar. Small trapdoor scars can 
be excised and primarily closed, but larger trapdoor scars are 
best revised with Z-plasty or multiple W-plasties to realign 
the scar to the RSTL. Wider undermining peripheral to the 
trapdoor flap may also help to oppose the trapdoor deformity. 
The possible mechanism of this effect is the outward pulling 
force that acts on the scar after the revision.

Pigmented Scar
Hyperpigmentation is not a common problem in whites  
but occurs more frequently in Asians and dark-skinned 
people. During the scar maturation process, exposure to  
sunshine and smoking are the risk factors associated  

FIGURE 23-5  Depressed scar after previous tracheostomy. 

FIGURE 23-6  A circular wound contracts like a purse string. 

FIGURE 23-7  Improper alignment of wound edges resulting in step 
deformity. 
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Eyelids
Scar contracture over the eyelids can cause ectropion or 
entropion and should not be tackled as a linear scar contrac-
ture. Addition of new tissue, by free skin grafting or local 
flaps, is necessary to achieve good results. Damage to the 
tarsal plate results in notching. The upper and lower eyelids 
consist of the thinnest skin of the body and should be grafted 
with paper-thin (<0.5 mm) skin for good results. The crow’s 
feet at the lateral canthus provide a good area for disguise in 
scar revision. Multiple W-plasties to realign the scars along 
the crow’s feet results in an inconspicuous scar. The degenera-
tive laxity of the lower eyelid requires special attention, 
because this precipitates ectropion if the procedure creates 
downward tension.

Nose
The skin of the nose is strongly adherent to the underlying 
muscle and cartilage. Because of the underlying naris muscle 
pull, the skin has limited directions of movement. Excision 
of scars and closure of defects should always be undertaken 
with great care and may be helped by borrowing nearby tissue 
such as a bilobed flap.

Cheeks
The cheek is a flap with minimal wrinkles except in the older 
patient. Scars crossing this area are extremely difficult to hide. 
Laser resurfacing has a particularly important role in the 
treatment of scars over this area.

Mouth
The mucocutaneous vermilion border of the lip should be 
perfectly restored in the revision of scars crossing the lip. 
Other anatomical borders such as the red line and white line 
should be accurately restored. A three-layer closure of 
mucosa, muscle, and skin must be performed.

Ears
The ears themselves are not prone to any special scarring 
except keloid formation at the earlobe after earring puncture. 
The pinna provides a valuable composite skin-cartilage-skin 
graft for reconstruction of alar tissue loss (Figs. 23-9 and 
23-10).

FACTORS AFFECTING SCAR QUALITY

Age
The older the patient, the better the scar and the results of 
revision. Younger people have a greater overall skin tension, 
which causes a scar to spread and become hypertrophic. Skin 
tension is one of the most important factors in the esthetic 
outcome of scar surgery.

Relaxed Skin Tension Lines
The skin is draped over the body in a fashion that  
permits mobility, retraction, extension, expansion, and 
flexion. Areas that allow greater movement, such as the  
perioral area, stretch and create excess skin to accommodate 
the movement of muscles. Over time, the excess skin, in 
conjunction with the loss of elastic tissue, creates wrinkles 
and age lines. These wrinkles often coincide with RSTLs  
(Fig. 23-11).

Hypertrophic Scar or Keloid
A simple hypertrophic scar is limited to the tissue that  
constitutes the wound, whereas a keloid overgrows the  
wound and invades the surrounding tissue. Keloid grows 
slowly and may relapse for years before it becomes static. 
Hypertrophic scars become softer and paler as time passes. 
Histologically, both types of scar have the same appearance, 
and it is difficult to distinguish the two in the initial year after 
wound healing.

ESTHETIC UNITS

The face is divided into six esthetic units (Fig. 23-8): forehead, 
eye, nose, cheeks, mouth, and ears. Each can be further sub-
divided into smaller units.

Forehead
Scars in the forehead region can usually be improved with 
simple procedures. Forehead skin has a very rich blood 
supply, and so suction apparatus should be ready when oper-
ating in this area. During revision of forehead scars, special 
attention should be paid to the anatomical reconstitution of 
different layers such as frontalis muscle and skin. Preopera-
tive documentation of the sensation status of the supratroch-
lear and supraorbital nerves should be made.

Eye
Eyebrows
It is important to recognize that injury to hair follicles will 
result in bald patches. Therefore, dissection in the eyebrow 
area should be carried out with extreme caution, and the 
incision should be made parallel to the direction of hair fol-
licles to avoid damage. Small segments of alopecia should be 
removed, if feasible, and larger areas may require hair-bearing 
skin graft. The direction of the skin incision should be oblique 
to avoid transection injury to the hair follicles. Perfect align-
ment of the eyebrow is critical, because a step-off deformity 
is very obvious.

FIGURE 23-8  Cosmetic units consist of forehead, nose, periorbital 
area, perioral area, and chin. 
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psychological counseling should be started as soon as possi-
ble. Anticipation is the key to success in minimizing long-
lasting emotional injury.

Communication
Good rapport and adequate explanation are necessary for the 
patient to understand the unavoidable scar formation. Reas-
surance should be given concerning the expected progress of 
the scar, the time sequence of the treatment, and possible 
future revision measures.

Documentation
After good communication and good surgical technique, 
documentation is the surgeon’s best defense against legal 
claims. It is important to document the essence of all com-
munications with the patient. Particular attention should be 
paid to the factors that affect wound healing. Host factors 
include ethnic group, extremes of age, diabetes mellitus, 
chronic renal failure, obesity, malnutrition, and the use of 
immunosuppressive therapy. The tendency of the patient to 
form keloid should be assessed, because it may predict the 
formation of a poor scar.

The site and degree of contamination and tissue trauma 
should be clearly documented. The size, depth of wound, and 
injury to deep structures such as tendons, nerves, and vessels 
should be accurately recorded for possible future legal 
purposes.

A history of drug allergy, especially to local anesthetic 
agents and antibiotics, should be determined, because these 

PRACTICAL MANAGEMENT OF FACIAL SCARS

EARLY SCAR MANAGEMENT

History of the Injury
The patient’s history should be recorded clearly, including 
how, when, and where the injury occurred and the chance of 
foreign body presence in the wound. The history may indicate 
the possibility of injury to other vital organs and degree of 
tissue damage.

Psychological Support for the Patient
Every injury results in a more or less obvious scar. A scar may 
stigmatize a person and possibly affect social contacts, so 

FIGURE 23-9  Composite graft harvested from the pinna consisting 
of skin and cartilage. 

FIGURE 23-10  Application  of  composite  graft  to  reconstruct  an 
alar defect. 

FIGURE 23-11  Wrinkles on the elderly face. 
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scars. It was reported to have a 50% response rate in keloid 
treatment over 5 years in terms of flattening the scar and 
decreasing discomfort. Various regimens with different con-
centrations (10, 20, 30, 40 mg/mL) at an interval of 4 weeks 
were used. The improvement is brought about by inhibition 
of the transcription of matrix protein genes such as α1 type I 
and α1 type III procollagen, fibronectin, TGF-β and other 
cytokines, and by inhibition of collagenase activity by α2-
macroglobulin synthesis.

Pain is substantial in intralesional steroid injection, so a 
local anesthetic should be infiltrated around the scar before 
treatment. Telangiectasia, infection, and necrosis of the skin 
are the possible complications of steroid injection. Incorrect 
injection of the steroid into the subcutaneous tissue leads to 
subcutaneous fat atrophy and formation of a depressed scar.

The systemic effects of steroids can be avoided by spacing 
the intervals between injections. Female patients should be 
asked about pregnancy, because this treatment should not be 
given to pregnant women. It is also important to mention 
possible irregularity of periods and the increased amount of 
flow after steroid injection. Other relative contraindications 
to the use of steroid include a previous history of breast or 
endometrial cancer.

Intralesional injection of a calcium channel blocker8 (ve-
rapamil hydrochloride) is an effective alternative for treating 
hypertrophic scarring. The mechanism may be similar to that 
of trifluoperazine, a calmodulin inhibitor that causes cells  
to round up through an unknown intracellular, calcium-
independent process involving alteration or rearrangement of 
the actin cytoskeleton. Surgical excision and intraoperative 
perilesional injection of verapamil is effective to prevent 
keloid recurrence.

Pressure Dressings
Constant compression (Fig. 23-13) of a hypertrophic scar has 
proved to be beneficial in preventing excessive growth of scar 

agents are likely to be administered in the acute stage of the 
injury.

Photographic Record
A photographic record for comparison of preoperative and 
postoperative comparison is necessary. A record of the initial 
wound and subsequent wound progress is mandatory for 
legal purposes. Although digital cameras are widely used, 
images are accepted as documentation for legal purposes only 
if they are produced as hard copies.

Patient Participation
The patient’s contribution is important in producing a good 
scar. A motivated patient is necessary for good compliance 
with scar management during the first 6 to 9 months after 
injury. This starts in the immediate postoperative period. 
Keeping the head above the heart level to reduce wound 
edema is necessary for the initial 24 hours. The wound should 
be observed for any signs of infection such as erythema, 
warmth, swelling, and discharge. There should be a thorough 
discussion with the patient about the possible outcome, and 
the patient should be advised to seek prompt medical atten-
tion if infection sets in or doubt arises.

After the wound is healed, the patient needs to accept 
responsibility for sun avoidance and protection from ultra-
violet light. Sunlight exposure increases the risk of scar 
hyperpigmentation. Sunscreens with a high sun-protective 
factor (SPF) must be used appropriately. Possible alterations 
in the patient’s outdoor occupational and recreational activi-
ties may be necessary.

Surgical Options
The simplest method of primary wound closure should be 
used, unless there is substantial tissue loss that renders 
primary wound closure impossible. A local flap is the best 
choice in cases of significant tissue loss. Adjacent skin usually 
provides the best replacement in terms of color and texture. 
Full-thickness skin grafting should be the last option; a graft 
harvested from the postauricular and supraclavicular areas 
provides the best color match to facial skin.

Silicone Sheet
A silicone gel sheet may be used as a conservative treatment 
for hypertrophic scar or keloid6,7 (Fig. 23-12). The sheet should 
be worn for as much as 24 hours per day. The mechanism is 
largely unknown but the silicone gel possibly increases the 
local temperature of the scar, enhancing the collagenase activ-
ity. Another postulated mechanism is a pressure effect that 
causes a lowering of oxygen tension and occlusion of the scar. 
A direct chemical effect of silicone on the scar is unlikely, 
because there is no evidence that silicone enters the scar tissue.

There are drawbacks. The sheet cannot be worn for long 
periods in hot and humid conditions. Sweat can cause skin 
excoriation and eczema, and scratching in response to the 
itchiness causes further damage. As a result, the keloid or 
hypertrophic scar can become more severe. The application 
of silicone gel on the face is much less acceptable cosmetically 
than on other parts of the body.

Corticosteroid Intralesional Injection
Intralesional injection of triamcinolone in combination with 
local anesthesia and other therapies has been used to control 

FIGURE 23-12  Application of silicone gel sheet on  facial hyper-
trophic scar. 
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Simple Excision
The oldest and simplest technique in scar revision is fusiform 
scar revision (FSR), which consists of excision of the scar 
followed by direct closure of the wound. This is possible if the 
scar is oriented approximately along the RSTL. FSR is very 
effective for treatment of a wide scar or a scar that is tethered 
to underlying structures. It may not be necessary to excise the 
whole scar; partial treatment (Fig. 23-14) can still achieve 
marked improvement.

The drawback of FSR is the formation of a deep furrow 
caused by the vertical contraction of scar tissue. Excision of 
all the underlying scar tissue and closure in layers can reduce 
the chance of this result.

Serial Excision
If the scar is too wide and a single FSR would result in undue 
tension for wound closure and unfavorable conditions for 
subsequent wound healing, serial intralesional excision of the 
scar can be used to provide time for the nearby skin and tissue 
to expand and allow a tensionless wound closure.

Z-Plasty
The main function of Z-plasty is to prevent thickening and 
contraction and to reorient the scar. This is achieved by 
lengthening and, more importantly, by changing the direc-
tion of scar to align it more closely to the RSTL. Z-plasty 
should be undertaken if the scar is slanted 60 degrees or less 
from the RSTL (Fig. 23-15). In multiple Z-plasties with limbs 
that follow the RSTLs, the direction of each postoperative 
oblique scar (diagonal) is the same as that of the original scar. 
The adjoining tissues must be elastic enough to make Z-plasty 

FIGURE 23-13  Tailor-made pressure garment for facial scar. 

FIGURE 23-14  A  linear  scar was  excised  in  a  fusiform manner 
and closed primarily. 

FIGURE 23-15  Z-plasty. 
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tissue. To be effective, a constant pressure of 15 to 40 mm Hg 
for at least 18 hours per day for 4 to 6 months is necessary.9 
This can be used in conjunction with silicone gel. It should 
be tailored to fit the involved parts of the body; examples are 
elasticized cervical collars, elastic ski masks, and spring-
pressure earring devices for use after earlobe keloidectomy. 
This treatment modality should be explained carefully to the 
patient beforehand. Pressure sensors should be used to 
monitor the efficacy of the pressure garment at follow-up 
consultations.

DELAYED SCAR REVISION

Timing of Scar Revision
Complete scar maturation takes 2 to 3 years. There is a 
common consensus that scar revision should be delayed  
until the scar has reached full maturation. However, the 
appearance of the scar is worst during the 2 weeks to 4 months 
after injury. If the orientation of the scar crosses the RSTL, it 
will never heal in an optimal manner. Borges10 therefore 
advocated that an interim scar revision and reorientation 
should be carried out at 2 months after injury to achieve the 
best result in the process of delayed scar revision. However, 
the average time to scar revision ranges from 6 months to  
1 year.

Technical Aspects
The main objective of scar revision is to make the scar less 
conspicuous. This can be achieved by excision of scar tissue 
and rearrangement to maximize the length and reorient the 
scar along the RSTL.11 This method enables the scar to heal 
with minimum tension and in the optimal direction.
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Dermabrasion
Dermabrasion can be carried out with a high-speed derm-
abrader with a diamond fraise.12 Fraises are stainless steel 
wheels with industrial-grade diamonds bonded to them. The 
scar should be pretreated with 0.05% tretinoin cream to 
shorten the re-epithelialization time and reduce the incidence 
of postoperative milia formation and hyperpigmentation. The 
procedure can be carried out with the use of local or regional 
blockade together with sedation.

Laser
Laser light is used in the treatment of scars because its precise 
cutting and welding properties cause less tissue damage than 
other methods. Its photochemical reaction may also provide 
a beneficial effect in altering metabolic function within the 
keloid. Superpulsed carbon dioxide laser13 causes a significant 
increase of keloid dermal fibroblast growth factor-β (FGF-β) 
secretion and inhibits the secretion of TGF-β. These effects 
stabilize the cellular phenotype and inhibit excess collagen 
secretion. Laser therapy also causes thermal contraction of 
collagen, resulting in dermal tightening.

The neodymium:yttrium-aluminum-garnet (Nd:YAG) 
laser has a suppressive effect on collagen synthesis without 
changing DNA synthesis or causing loss of viability. Clini-
cally, it is useful for moderate reduction of keloid size and 
consistency. The 585-nm flashlamp-pumped pulsed-dye laser 
is used for its specific hemoglobin absorption characteristic.

possible. Often after release of the scar contracture and 
undermining of the flaps of the Z-plasty, the flaps automati-
cally realign to the final configuration.

It is convenient to wait until the scar has matured before 
performing the Z-plasties to avoid unnecessary sacrifice of 
tissue. Early Z-plasty is indicated in selected cases in which 
the wound could only be worsened as the scar contracts, such 
as a circular wound or malalignment of the vermilion border. 
Trapdoor deformity (Fig. 23-16) is inevitable. Therefore, mul-
tiple Z-plasties should be undertaken as soon as the wound 
has healed.

W-Plasty
W-plasty is used in the initial incision in elective surgery, to 
prevent later contracture, and in the conversion of an existing 
scar to a less apparent one. The latter is done by zigzag exci-
sion of scars, which produces a shortened, acutely angulated 
incision that can be closed by advancement without rotation 
of tissue to produce a scar that aligns along the RSTL (Figs. 
23-17 through 23-19).

W-plasty is used to break up a long scar and realign it as 
much as possible along the RSTLs. A depressed scar can be 
eliminated by advancing V-shaped arms of tissue across the 
field of the scar.

FIGURE 23-16  Trapdoor scar on the chin. 

FIGURE 23-17  Realignment of  scar  to  relaxed  skin  tension  lines 
with W-plasty. 

FIGURE 23-18  Forehead  scar  oriented  across  the  relaxed  skin 
tension lines. 

FIGURE 23-19  Design of W-plasty to realign the forehead scar. 
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glycosaminoglycans. Collagen III later converts to collagen I, 
resulting in tightening of skin, smoothing scars weeks and 
months after treatment.21 The application of vitamin A in the 
form of retinyl palmitate or retinyl acetate and of vitamin C 
further induces collagen production during the treatment.

Platelet-Rich Plasma
Platelet-rich plasma has been used to improve wound 
healing.22 Extra growth factors elicited by platelet-rich plasma 
and stem cells have been postulated to aid scar remodeling. 
Platelet-rich plasma has been used to improve wound healing 
for soft and bony tissue repair, and even in osseo-integration. 
Trials have been conducted on the use of platelet-rich plasma 
in the remodeling of new and matured scars. Platelet-rich 
plasma is obtained by collecting autologous blood, centrifug-
ing the blood, and extracting the plasma portion. Injection of 
platelet-rich plasma to the intradermal or subdermal level has 
been shown to produce some improvement in scar quality. 
The mechanism is not clear, and it is not known whether it is 
the subcision done during the injection or the actual platelet-
rich plasma that helps in scar remodeling.

Stem Cell
The use of stem cells in remodeling scar is still controversial. 
Stem cells have been isolated from bone marrow, adipose 
tissue, and blood serum. To date, many research studies have 
been carried out to test the efficacy of stem cell therapy in 
various types of tissue healing including tendon, cartilage, 
and heart muscle. The mechanism remains unknown.

Tissue Expander
Nearby tissue offers the best esthetic outcome in terms of 
color match and texture for facial skin reconstruction, but the 
supply is always limited. Tissue expansion is invaluable in the 
reconstruction of extensive scars with inadequate tissue 
nearby. Previously expanded skin flaps have an improved sur-
vival rate compared with similar flaps developed in nonex-
panded skin.

Scar alopecia can be treated by expanding the remaining 
scalp. As much as half of a hair-bearing scalp defect can be 
reconstructed with tissue expansion (Fig. 23-20). Similarly, 
expansion of forehead skin for a forehead defect is feasible 
(Fig. 23-21). The innervation of the forehead frontalis muscle 
should be preserved to avoid later brow ptosis. Expansion of 
forehead skin can also provide extra good-quality, thin skin 
for reconstruction of the nasal area.

To reconstruct the cheek area, the tissue expander is best 
placed in the preauricular area, superficial to the superficial 
aponeurosis muscle. Further dissection superficial to the pla-
tysma muscle at the neck is necessary for placement of the 
tissue expander and expansion of the neck skin. Extra skin 
can then be acquired by a rotational flap. Neck skin is 
expanded for the reconstruction of cheek and perioral scars 
and defects.

Skin Grafting
Skin grafting usually cannot provide a satisfactory cosmetic 
result for facial scars and defects. However, it is invaluable for 
wound coverage in the acute stage so that later flap recon-
struction (e.g., tissue expansion) may be planned. Split-
thickness skin grafts can be harvested from the thigh or scalp. 
Full-thickness skin grafts can be harvested from the 

Laser therapy is used for its ablative nature and to apply 
the specific wavelength for the vascular component of the 
hypertrophic scar. The 585-nm pulsed-dye laser has been 
shown to be effective in the treatment of microvascular 
lesions such as telangiectasia and port-wine stains. Studies 
have shown that it reduces the erythematous component and 
scar height and increases pliability. Posttreatment scar biopsy 
showed sclerotic collagen bundles and local mast cell 
proliferation.

The mechanism of laser action is selective photothermoly-
sis. Selective absorption of light by hemoglobin leads to local 
heating of cutaneous blood vessels; the vessels are then 
thrombosed, and vasculitis follows. There is gradual local 
repair with neovascularization. Microvascular destruction 
leads to ischemia of the scar and affects collagen synthesis 
and the release of collagenase. The heat produced is con-
ducted via the blood vessels to the surrounding dermis  
and alters the collagen composition of the scar. However,  
the 585-nm pulsed-dye laser is not useful in treating  
keloid, except for minimal improvement in erythema.14 Com-
bined therapy with intralesional injection of steroid does not 
give additional benefit except in the treatment of symptom-
atic hypertrophic scar.15 In treating patients with Fitzpatrick 
skin type 4 through 6, one must lower the energy fluence  
and use multiple treatment sessions to minimize 
complications.16,17

Dermabrasion on raised scar with the carbon dioxide laser 
or erbium laser may cause hyperpigmentation, hypopigmen-
tation, significant downtime, and prolonged erythema. This 
is especially common for Fitzpatrick skin type 4 or higher. 
Fractional laser resurfacing is a new concept that uses arrays 
of microscopic thermal damage in a pattern stimulating a 
wound healing response. It creates microscopic columns of 
thermal injury surrounded by uninjured tissue. Repair of epi-
dermis occurs within a few hours, and the underneath dermis 
undergoes healing and reorganization and becomes flattened. 
Depth of penetration depends on the level of energy used. 
Fractional laser resurfacing avoids bulk heating of tissue and 
reduces the risk of irreversible nonspecific thermal injury. 
Ablative laser therapy with a wavelength of 2940 nm and 
nonablative laser therapy with a mid-infrared 1540-nm wave-
length can be used. The latter method requires more treat-
ment sessions but with less downtime and greater efficiency. 
Typically, ablative fractional laser resurfacing requires 5 to 10 
sessions to achieve satisfactory results. It can be used to treat 
early or matured scars.

Another method for scar remodeling is the creation of 
microinjury that is deeper than that created with fractional 
laser. Orentreich and Fernandes independently described 
“subcision” or dermal needling.18,19 Percutaneous collagen 
induction stimulates collagen production by triggering the 
normal chemical cascade for healing. Dermaroller therapy 
uses numerous small needles, ranging from 1 to 3 mm long, 
to produce injury at the epidermopapillary dermal level. 
Injury deeper than 6 mm will not cause additional improve-
ment. Studies show that relatively intact epidermis has a 
lesser chance to cause hyperpigmentation.20 During the treat-
ment, platelets and neutrophils release growth factors such  
as TGF-α, TGF-β, PDGF, connective tissue activation 
protein III, and connective tissue growth factor to increase 
the production of intercellular matrix. Monocytes pro-
duce growth factors to increase collagen III, elastin, and 
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matrix implant Fibrel (Mentor Corp., Goleta, Calif) for clini-
cal use. Zyderm I contains 35 mg/mL type I collagen, Zyderm 
II has 65 mg/mL type I collagen, and Zyplast is a glutaralde-
hyde cross-linked collagen. Each has different physical prop-
erties and different uses. Zyderm I is indicated for shallow 
scars or fine wrinkles, Zyderm II for intermediate deep 
depressed scars, and Zyplast for deep scars and deep dermal 
defects. However, intermittent swelling, vascular changes, 
and necrotic changes of the overlying skin are possible com-
plications. This is caused by the heavy suspension of the 
Zyplast collagen, which results in infarction of larger subder-
mal vessels and local tissue necrosis.

The injection should be carried out with a 30-gauge needle 
using a multiple-puncture or fanning technique at a 35-degree 
angle to the skin. Care must be taken to avoid both implant 
extrusion through pores or around the needle orifice and 
injection deep to the subcutaneous tissue. In dealing with 
fibrotic scars, one has to undermine the scar with a needle to 
create a pocket for the injected collagen. Local anesthesia by 
regional blockade is necessary to avert possible pain caused 
by the undermining.

Injection treatment is contraindicated if there is history of 
keloid formation, sensitivity to gelatin, or a history of a bleed-
ing disorder; cardiac, renal, or herpetic disease; or autoim-
mune disease.

With skillful injection, the depressed scar can be leveled 
off (Figs. 23-22 and 23-23). However, the difference in surface 
texture between the scar and the surrounding skin cannot be 
altered with this treatment. The best approach is to avoid 
development of the depressed scar in the first instance by 
layered closure of underlying muscle, which prevents the 
separation of muscle and adherence of scar to the underlying 
structure.

preauricular, postauricular, neck, nasolabial, and supracla-
vicular regions.

Soft Tissue Augmentation
The ideal material for soft tissue augmentation should be safe, 
easy to apply, permanent, and nonallergenic.

Collagen Injection
Injectable bovine collagen has been used for treatment of 
depressed scars.23 This xenogenic substance has the problem 
of allogenicity, which needs to be evaluated before treatment 
with a small test dose. In the 1980s, the U.S. Food and Drug 
Administration (FDA) approved Zyderm collagen implants 
(Collagen Corporation, Palo Alto, Calif) and the gelatin 

FIGURE 23-21  Reconstruction of forehead with the expanded skin. 

FIGURE 23-22  Depressed scar as a result of deficient dermis. 
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FIGURE 23-23  Leveling off of a depressed scar was achieved with 
the injection of augmentation material. 
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FIGURE 23-20  Placement  of  the  forehead  tissue  expander  for 
reconstruction of a forehead scar. 
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INNOVATIONS

SKIN CLOSURE MATERIAL

Use of subcutaneous absorbable sutures to relieve the tension 
of the overlying skin is a standard procedure to minimize scar 
formation. Fine, nonabsorbable monofilament sutures are 
often used to minimize stitch marks. Stitches are usually 
removed early, on postoperative day 3.

Cyanoacrylate adhesives have been used as an alternative 
for skin closure in Canada and Europe for more than 20 years 
with no adverse effects reported. They are effective in closing 
superficial lacerations under low tension and can also be used 
for closure of surgical wounds (e.g., parotidectomy, thyroid-
ectomy). Studies have shown that the results are comparable 
to those of monofilament sutures. However, the cyanoacry-
late adhesives are superior in ease of application and cost-
effectiveness and have obvious advantages in children. Major 
limitations of butylcyanoacrylates include low early breaking 
strength and a brittle consistency when dry. Therefore, their 
use should be avoided over skin creases. Proper application 
is necessary to achieve optimal results (Figs. 23-24 and 23-25).

Silicone Injection
Silicone microdroplet technique is used for injection to  
stimulate an encapsulating ring of collagen that elevates a 
depressed scar. Silicone is a foreign, nonphysiological mate-
rial, and there are serious concerns about its safety. After 
complications arose from the use of silicone breast implants, 
the FDA withheld approval for the use, distribution, and pro-
motion of silicone injection for skin augmentation.

Fat Injection
Autologous adipose tissue acquired during liposuction is 
used to correct skin and soft tissue contour defects. It is a 
viable graft and should be harvested with care. A 14-gauge 
needle with limited negative pressure has been advocated for 
harvesting. The tissue is used for replacement of lost subcu-
taneous tissue but not as a dermal filler and not to rebuild 
dermal defects. The complications of lipoinjection are bruis-
ing, prolonged inflammation, induration, local infection, and 
hematoma formation. An unsolved problem with lipoinjec-
tion is gradual graft loss; it is estimated that only 30% to 40% 
of the graft remains after 1 year.

Tissue Transfer Flaps
Tissue transfer can be accomplished by local random flaps, 
local pedicled flaps, or distant free flaps. The choice of flap 
depends on the availability of local tissue and which  
flap offers the best texture and color match; distant free  
flaps depend on available surgical expertise and resources.

Radiotherapy
Radiotherapy is an efficient and time-honored method of 
treating resistant keloid. The mechanism of radiotherapy 
involves fibroblast destruction without replacement. A 
common concern is the potential risk of radiation-induced 
malignancy and immunosuppression in various degrees.24 
Several types of radiotherapy have been used in treatment, 
including kilovoltage irradiation (e.g., superficial x-rays), 
electron-beam irradiation, and interstitial radiotherapy. 
Sarcoma is the most likely radiation-induced tumor; it usually 
develops 8 to 10 years after treatment.

Isotretinoin
Isotretinoin is used in the treatment of keloid. There is a 
raised T-lymphocyte count in keloid tissue, and it has been 
postulated that sebum that leaks from the pilosebaceous 
structure acts as an antigenic stimulus, triggering T-lymphocyte 
migration, proliferation, and activation and the production 
of lymphokines, all of which influence fibroblasts to produce 
more collagen. Isotretinoin eliminates sebocytes and causes 
sebum suppression.

Wound Care
Although it is not surgically exciting and does not involve 
advanced technology, the role of wound care is extremely 
important. Good appropriate dressings certainly help wound 
healing. A moist environment speeds cell migration, and 
negative-pressure dressings speed up healing, especially in 
the presence of infection; silicone dressings may reduce 
hypertrophic scar formation, and adhesives may reduce 
tension across a wound. In a busy unit, great benefits can be 
obtained from fully involving wound care specialists, and the 
reader is directed to the appropriate literature.

FIGURE 23-24  Facelift  incision  after  parotidectomy  closed  with 
glue. 

FIGURE 23-25  Postparotidectomy  wound  2  weeks  after  the 
operation. 
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SCARLESS HEALING

Healing in the early-gestation fetus is by regeneration, whereas 
in adults it happens by fibrosis. This phenomenon has a pro-
found impact in clinical practice and is being extensively 
investigated. The repair process requires turnover of extracel-
lular matrix, and fetal skin has been found to have a higher 
matrix metalloproteinase level than adult skin. These protein-
ases are responsible for matrix degradation and are released 
by various cell types (e.g., zymogens) and activated by removal 
of amino-terminal propeptides. The TGF-β1 level is deficient 
in the fetus. TGF-β1 stimulates the deposition of collagen and 
other matrix components by fibroblasts, inhibits collagenase, 
blocks plasminogen inhibitor, enhances angiogenesis, and 
has a chemotactic effect on fibroblasts, monocytes, and mac-
rophages. Administration of TGF-β1 to a fetus makes the 
fetal wound heal with scarring. The injection of TGF-β1–
neutralizing antibodies into the wound may lead to antigenic-
ity problems, limiting the clinical potential. The application 
of sugar mannose-6-phosphate blocks the IGF-2/mannose-6-
phosphate receptor, which in turn decreases the activation of 
TGF-β1. Anti–TGF-β1 therapeutic strategies would be a way 
of reducing scarring during wound healing.25-32
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Secondary Osteotomies and Bone Grafting

C HA P T E R 

David Richardson, D. Carl Jones

Modern techniques of fracture management allow 
easy access to the whole craniofacial skeleton,  
accurate fracture reduction, internal fixation with 

miniplating and microplating systems, and primary bone 
grafting where necessary to replace missing bone. The goal  
of primary treatment is to restore normal anatomy and  
therefore normal form and function to the craniofacial 
complex. However, patients may present with posttraumatic 
deformity for a variety of reasons. They may fail to present in 
the acute phase, or injuries may go undiagnosed if specialist 
expertise is not available. Other serious injuries or medical 
conditions may preclude or compromise immediate treat-
ment of facial injuries, and the results of primary treatment 
may be unsatisfactory if the extent of the injury is under-
estimated or in cases of severe comminuted panfacial 
fractures.1

CLASSIFICATION

There is no entirely satisfactory system for classification of 
posttraumatic facial deformity that incorporates the neces-
sary mix of hard and soft tissue deficits or takes account of 
resultant esthetic or functional difficulties. Tessier2 proposed 
a system based on the major esthetic aspects of the disfigure-
ment and included an orbital syndrome with enophthalmos, 
a craniofacial syndrome including stigmata of residual frontal 
and nasoethmoidal fractures, a maxillary syndrome with 
occlusal abnormalities, and a nasal syndrome characterized 
by naso-orbital dislocation. Other workers such as Manson3 
and Gruss4 devised systems related to the previous location 
of bone fractures comprising frontobasilar fractures; Le Fort 
I, II, and III fractures of the maxilla; and naso-orbitoethmoid, 
zygomatic, nasal, mandibular, complex, and panfacial 
deformities.

PRINCIPLES OF MANAGEMENT

The principles underlying management of secondary post-
traumatic skeletal deformity include (1)accurate assessment 
by history, clinical examination, and special investigations; 
(2) treatment planning; and (3) surgery, using a variety of 
techniques for management of soft and hard tissue deficits or 
deformities, including osteotomies and bone grafting.

ASSESSMENT

Assessment of any deformity requires a detailed history, 
examination, and special investigations.

History
A full history is essential for diagnosis of secondary post-
traumatic deformity. Of particular importance is documenta-
tion of the patient’s complaints or concerns. A number of 
potentially correctable deformities may be present, and it is 
important to assess which of these require correction to 
address the concerns of the patient. A brief assessment of the 
psychosocial effect of the deformity may help to highlight 
important areas, because relatively minor physical abnor-
malities may give rise to significant psychological, social, or 
occupational problems. Understanding of the history of the 
original injury, whether any primary surgery was carried out, 
and, if so, what this involved are important to plan secondary 
surgery and anticipate potential difficulties or complications. 
For example, previous craniotomy with or without dural 
repair makes subsequent craniotomy more difficult due to 
dural adhesions, which predispose to increased risk of dural 
tear and subsequent cerebrospinal fluid (CSF) leak; eye injury 
or visual loss increases the significance of the risk to vision 
during operation on the contralateral orbit. The time that has 
elapsed between the original injury or its primary manage-
ment and the presentation of secondary deformity may be 
significant in regard to the timing of secondary surgery. Some 
problems are better corrected early, whereas in others the 
timing is less critical (e.g., correction of enophthalmos, orbital 
and nasal reconstruction).

Examination
A comprehensive clinical examination of the craniofacial 
complex is mandatory and should include assessment of both 
hard and soft tissues.

Soft Tissues
Although soft tissues are not directly the subject of this 
chapter, they deserve mention. The presence of cutaneous 
scars, soft tissue deficiency, and distortions or subcutaneous 
fat atrophy may limit the extent of bony movement or the 
degree of soft tissue response to the underlying bony move-
ment and may leave a persisting esthetic or functional deficit 
even if a perfect underlying skeletal position can be achieved. 
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Special Investigations
Special investigations may include plain films, dental study 
models, photographs, and computed tomography (CT) or 
magnetic resonance imaging (MRI), with three-dimensional 
(3-D) stereolithographic modeling or virtual planning if 
appropriate (see Chapter 33).

Plain Films
Plain films demonstrate the site and extent of the original 
injuries and the presence of bone plates and grafts used in 
primary treatment. Detailed measurements to assess malpo-
sition and asymmetries, including AP and lateral cephalom-
etry, may be useful for delineating the underlying problem 
and for planning surgical correction. This particularly applies 
to fractures of the mandible, for which plain films can dem-
onstrate a fibrous union or nonunion, the direction and 
extent of displacements, and major occlusal abnormalities 
such as an anterior open bite or mandibular asymmetry.

Dental Study Models
Dental study models are mandatory for assessment of post-
traumatic deformity involving the tooth-bearing segments of 
the maxilla or the mandible. If a posttraumatic malocclusion 
exists, an assessment can be made of the achievable occlusion 
and whether any secondary dentoalveolar compensatory 
changes have occurred; the findings may result in a need for 
orthodontic or restorative correction or segmental surgery. 
Face bow recording and anatomical articulation may be 
useful, particularly in cases of bilateral condylar malunion, in 
which vertical face height changes are planned and mandibu-
lar autorotation is anticipated.

Computed Tomography
CT scanning in the axial and coronal planes yields very useful 
information, particularly in complex midface and orbitozy-
gomatic deformities and calvarial defects. Two-dimensional 
imaging is useful to delineate areas of deformity or deficiency; 
as with plain films, accurate measurements taken from stable 
and unaffected portions of the craniofacial skeleton can 
provide an assessment of the degree of displacement or defor-
mity. However, an additional benefit of CT scanning is its 

This should be appreciated in the planning phase so that  
soft tissue adjustment can be carried out at the appropriate 
time, usually after the skeletal reconstruction.1,4 In addition, 
what may seem to be a bony asymmetry may be solely a 
consequence of soft tissue problems, and surgical technique 
for correction is likely to be different from that chosen  
when the underlying problem is truly skeletal in nature. If 
complaints of orbitozygomatic deformity are being consid-
ered, soft tissues of the bony orbit are of paramount impor-
tance. Globe displacement in the vertical or anteroposterior 
(AP) plane needs to be accurately assessed, and the presence 
of characteristic stigmata of enophthalmos, such as pseudo-
ptosis, implies a degree of displacement of the orbital  
tissues.

Examination of eye movement and the forced duction test 
allow assessment of tethering of the extraocular muscles (Fig. 
24-1), and traction on the insertions of the medial and lateral 
recti (usually with the patient under general anesthesia before 
surgery) gives an indication of the potential for improvement 
in AP eye position after enophthalmos correction. On occa-
sion, intraorbital fibrosis may preclude anterior eye reposi-
tioning despite good orbital volume correction. The position 
of the lateral and medial canthi should be assessed, intercan-
thal distances measured, and note made of any abnormality 
of eyelid position such as retraction or ectropion.

Hard Tissues
A thorough assessment of any bony distortion, deficiencies, 
or asymmetry must be carried out by inspection and palpa-
tion. Techniques used for assessing the bony (and cartilagi-
nous) craniofacial skeleton are well documented in the 
craniofacial, rhinoplasty, and orthognathic literature. Assess-
ment should be applied in a logical manner and must incor-
porate all areas of the craniofacial skeleton, including the 
calvaria and forehead, frontal sinus, orbits, zygomas, external 
and internal nose, temporomandibular joints (TMJs), man-
dible, upper and lower dental arches, and dental occlusion. 
Assessment should be made of displacements in each area 
examined in the three planes of space (AP, vertical, and trans-
verse) and should include assessment of asymmetries in each 
of these planes.

FIGURE 24-1  Forced duction test. A, Tethering of inferior rectus. B, Normal contralateral eye. 

A B
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Intraoperative judgment of the extent of necessary bone 
movement or augmentation to achieve symmetry is  
extremely difficult because of distortion of overlying soft 
tissues due to the surgical access, edema, the presence of an 
endotracheal tube, and inaccessibility of normal reference 
points beneath sterile drapes. If 3-D or virtual modeling  
is available, prebending of plates, preforming of implants,  
or production of bone graft templates helps to facilitate accu-
rate correction of the deformity and may reduce operating 
time.

It is important to ensure a coordinated approach to the 
correction of both bony and soft tissue abnormalities. This 
usually means correcting the bony abnormality first and then 
carrying out any necessary soft tissue revision subsequently.

It is essential to discuss with the patient the proposed cor-
rection and ensure a realistic expectation of outcome, includ-
ing both the positive and negative effects of any proposed 
surgery.

TREATMENT TECHNIQUES

SURGICAL ACCESS

Surgical access to the entire craniofacial skeleton is afforded 
by bicoronal flap, lower eyelid, or transconjunctival and intra-
oral buccal sulcus incisions. In addition, a variety of intraoral 
and extraoral incisions are available for access to the man-
dible, particularly the vertical ramus and condyle.

Coronal Flap
A coronal flap provides excellent surgical exposure of the 
upper craniofacial skeleton. Preauricular extension of the 
incision and dissection in the temporal region immediately 
adjacent to the deep temporal fascia allow excellent exposure 
down to and including the zygomatic arches. The dissection 
in the subgaleal plane is kept on the surface of the deep tem-
poral fascia and may pass deep to the superficial layer where 
it splits above the zygomatic arch, elevating the frontal branch 
of the facial nerve with the flap and leaving pericranium 
attached to the outer table of the skull. Once the flap is raised 
to within a centimeter of the supraorbital margins, the peri-
cranium can be incised along the temporal crest on each side 
and across the vertex of the skull posteriorly. The pericranial 
flap pedicled anteriorly can be raised to expose the underly-
ing skull and is available as vascularized tissue for isolation 
of the cranial cavity from the nose or for subfrontal dural 
repair if needed. Freeing of the supraorbital nerves from their 
foramina can be carried out by means of small osteotomies 
medial and lateral to the nerves. The calvaria, forehead, 
supraorbital rim, orbital roof, and lateral orbital rim are 
exposed, and after mobilization and reflection of the tempo-
ralis muscle, access is gained to the lateral wall of the orbit 
and the temporal fossa.

At the end of the operation, the temporalis muscle must 
be anchored to the lateral orbital rim with sutures (after ante-
rior mobilization of the muscle, if necessary) to prevent post-
operative retraction and temporal hollowing (Fig. 24-3). 
Access to the infraorbital margin and orbital floor is possible 
through a coronal flap but is limited, and fixation of osteot-
omy cuts or grafts can be difficult from this approach without 
a lower eyelid incision. In addition, if at the start of the 

ability to generate 3-D images that allow the surgeon to visu-
alize all aspects of the deformity at the same time; 3-D images 
can sometimes reveal the underlying cause of a deformity or 
discrepancy that is difficult to assess by two-dimensional 
scans (Fig. 24-2).

In addition, the recent introduction of stereolithographic 
modeling and virtual planning allows direct visualization of 
the defect. Direct measurement of required bony movements 
or augmentation is possible, and surgical simulation, if neces-
sary, may be carried out. It also facilitates the prefabrication 
of alloplastic implants and production of templates as a guide 
for size, shape, and positioning of bone grafts, as well as pre-
bending of plates or mesh for graft fixation. Stereolitho-
graphic and virtual modeling has been a major advance in the 
management of complex posttraumatic bony deformities.

TREATMENT PLANNING

After the concerns of the patient have been identified, treat-
ment goals established, and all areas of anatomical and func-
tional abnormality documented, detailed operative planning 
is required. If a portion of a craniofacial skeleton is malposi-
tioned or deficient and is giving rise to patient concerns or 
complaints, it should be restored to its normal anatomical 
position, shape, or volume. However, correction of one defor-
mity may result in accentuation of another that was not previ-
ously noticed by the patient. For example, malar osteotomy 
may make a previously mild enophthalmos more obvious, or 
correction of mandibular asymmetry may exaggerate an ipsi-
lateral mild nasal deviation. In this situation, the milder, 
unnoticed defects may require simultaneous or subsequent 
correction even if they are not of direct concern to the patient 
initially.

Detailed planning of surgical interventions and move-
ments depends on the information gathered from the  
history and examination but in particular on the results  
of the special investigations. When planning bony surgery,  
it is essential that an accurate plan of surgery and movements 
is established before operation. This entails a detailed assess-
ment of the extent of movement required in the three planes 
of space. If onlay grafts are to be used, the site and extent  
of augmentation should also be established preoperatively. 

FIGURE 24-2  Three-dimensional  computed  tomographic  scan  of 
malunited  fracture  of  the  left  zygoma  with  measurement  of 
displacement. 
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zygomatic buttress and limited access to the infraorbital rim. 
It should be placed at the height of the sulcus, extending from 
first molar to first molar, and directed out into the cheek 
posteriorly to avoid tearing and ensure maintenance of a 
good vascular pedicle to the maxilla. Repair of the paranasal 
muscles at the end of the procedure may reduce the risk of 
alar flaring postoperatively.5

Extraoral Approach to the Mandible
Whereas lower buccal sulcus incisions give good intraoral 
access to the horizontal ramus and angle of the mandible, on 
rare occasions avoidance of the transoral route is necessary. 
In addition, intraoral access to the vertical ramus and man-
dibular condyle is poor, and surgical procedures on these 
areas of the lower jaw often require an extraoral approach. 
The introduction of endoscopically assisted surgery may on 
occasion preclude the need for extraoral access.

The submandibular approach provides good access to  
the horizontal ramus and angle and allows limited access  
to the vertical ramus of the mandible. The marginal mandibu-
lar branch of the facial nerve must be protected, either by 
dissection deeply on the cervical fascia or by dissection on 
the deep surface of platysma and formal identification of the 
nerve in the subplatysma fascial layer. Excessive traction  
may result in temporary paralysis of the lower lip due to 
stretching of the marginal mandibular branch of the facial 
nerve, but permanent weakness should be uncommon with 
this approach. However, nerve injury is more likely if the 
submandibular approach has been used previously, causing 
fibrosis, loss of surgical planes, and distortion of the local 
anatomy.

Retromandibular incision with blunt dissection between 
the buccal and marginal mandibular branches of the facial 
nerve can provide excellent access to the vertical ramus and 
condylar neck, and a preauricular incision with temporal 
extension allows access to the condylar head and TMJ. As 
with the bicoronal flap, dissection on the surface of the tem-
poralis fascia avoids injury to the frontal branch of the facial 
nerve.

Other Incisions
Other local incisions such as the upper eyelid blepharoplasty 
incision, lateral eyebrow incision, Lynch incision, or use of 

operation the medial canthal ligament is intact and attached 
to the anterior lacrimal crest, it should never be detached 
during elevation of the flap, because this would require a 
transnasal canthopexy on closure, the results of which are 
often disappointing. The attachment of the medial canthal 
ligament can therefore limit access to the medial orbital wall. 
If full access to the medial orbital wall is necessary, a lower 
eyelid incision is required in addition to access gained via the 
orbital roof exposure of the bicoronal flap.

Lower Eyelid Incision
Transconjunctival, subciliary, or midtarsal incisions, with 
retro-orbicular preseptal dissection, all give excellent access 
to the infraorbital rim, orbital floor, infraorbital foramen, and 
anterior surface of the maxilla. We avoid the infraorbital inci-
sion for cosmetic reasons. Occasionally, postoperative lower 
eyelid retraction and increased scleral show may occur, but 
this is unusual and is amenable to correction if it fails to 
resolve spontaneously (Fig. 24-4).

Intraoral Buccal Sulcus Incisions
A horseshoe-shaped incision in the upper buccal sulcus pro-
vides excellent access to the lower half of the maxilla and 

FIGURE 24-4  Postoperative  lid  retraction.  A,  Before  treatment. 
B, After correction by placement of auricular cartilage graft. 

A

B

FIGURE 24-3  Postoperative retraction of temporalis muscle. A, Before treatment. B, After treatment 
by onlay augmentation of temporal fossa and correction of lower eyelid tethering. 

A B
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• Embryological origin: membranous bone is better than 
cartilaginous bone10

• Fixation: rigid fixation is better than nonrigid fixation10

• Graft site: interpositional graft is better than onlay
• Functional loading: functional loading is better than no 

functional loading

A number of donor sites, including tibia, iliac crest, man-
dible, and calvaria, are available. We prefer iliac crest for 
cancellous or corticocancellous bone grafting to mandibular 
nonunion and calvarial bone grafting for almost all other 
situations, such as where osteotomy gaps or bony deficiency 
exist, masticatory loading is expected, or dimensional stabil-
ity is important.

The use of nonvascularized grafts requires a healthy, well-
vascularized graft bed. This is usually present in patients with 
secondary posttraumatic deformity, but occasionally the graft 
bed is of such poor quality that it requires vascularized bone 
grafts. Vascularized calvarial bone pedicled on temporalis 
muscle or on the superficial temporal vessels and temporo-
parietal fascia provides an excellent source of vascularized 
bone for midface and mandibular reconstruction.11 A disad-
vantage in mandibular reconstruction is the possibility of 
postoperative restriction in mouth opening. If a large bulk of 
vascularized bone is required, microvascular free flap transfer 
is the treatment of choice. There are a variety of potential 
donor sites, including iliac crest (deep circumflex iliac artery) 
and fibula. In selected cases, bone regeneration by distraction 
osteogenesis may be an option,6 but this has not been widely 
applied to treatment of posttraumatic deformity.

The disadvantages of autogenous bone grafting include 
prolongation of operating time and the creation of a graft 
donor site, with its potential associated morbidity. Variability 
of calvarial thickness may result in inadvertent cutting into 
the intracranial space during graft harvesting,12 but complica-
tions are rare.

Cartilage
Autogenous cartilage is an excellent material for reconstruc-
tion in some situations.13 It is biocompatible, maintains its 
viability, is dimensionally stable, and is easy to carve and 
shape. It can be fixed with wires or sutures. Although its 
resistance to infection is limited, it has proved to be a reliable 
material when implanted into a vascular bed, especially in the 
orbit and nose. It is an excellent space filler but is not rigid 
and therefore is unsuitable for load bearing. Potential donor 
sites are auricular concha and nasal septum, which yield a 
relatively thin sheet with limited area and volume, or costal 
cartilage, which has an abundant supply and can provide 
large volume. As with autogenous bone, prolongation of 
operating time and donor site morbidity, particularly if costal 
cartilage is used, are relative disadvantages.

Other Materials
A variety of homografts, heterografts, and alloplastic materi-
als are available, and the reader is referred to Chapters 8 and 
31 for discussion of these. In principle, we prefer to use autog-
enous materials in most situations to minimize the risk of 
disease transmission, peri-implant infection, or late extru-
sion. Exceptions are large calvarial defects, for which suffi-
cient autogenous bone may not be available; temporal or 
forehead contour defects, for which bone graft substitutes 

existing scars may be indicated in selected cases in which 
more extensive exposure is not necessary.

CORRECTION OF DEFORMITY

Correction of bony deformity may be carried out by the use 
of osteotomy, onlay grafting, or a combination of these tech-
niques. If an individual component of the facial skeleton is of 
normal morphology but in an abnormal position (displace-
ment), osteotomy is usually the technique of choice. If the 
bulk of the bone is in a normal position but there is abnormal 
morphology such as a localized contour deficit (deficiency), 
onlay grafting may be appropriate.4 If both displacement and 
deficiency exist, both techniques may be required. However, 
the choice of technique must take account of the concerns of 
the patient as well as the nature and degree of the deformity, 
the extent of surgery required, potential complications, and a 
realistic assessment of the likely outcome. These consider-
ations may necessitate a departure from or modification of 
the basic principles outlined earlier.

Osteotomy
A variety of osteotomies are available and are well 
documented.1-4 These effectively re-create the original frac-
ture pattern in the area of concern. Secondary osteotomies 
for trauma patients are usually carried out by conventional 
surgical techniques with the use of interpositional bone graft-
ing, if required, to fill gaps created by the bony movements 
and to ensure primary bone healing, stability of the bony 
movement, and support for overlying soft tissues. Osteogenic 
distraction of the craniofacial skeleton is becoming more 
widespread and may offer another treatment option in 
selected cases.6 However, its role in the correction of post-
traumatic deformity has yet to be established.

Onlay Grafting
Onlay grafting to correct bone deficiencies may be carried out 
using a number of materials. Autografts, homografts, hetero-
grafts, and alloplastic materials have been described, and each 
has its advantages and disadvantages. The ideal characteris-
tics of onlay grafts have been outlined by a number of authors 
and include the following:

• Biocompatible
• No risk of disease transmission
• Resistant to infection
• Dimensionally stable
• Easy to shape or mold
• Amenable to skeletal fixation
• Long shelf life
• Cheap

Bone
Autogenous bone may be used as an interpositional graft or 
for onlay augmentation. It has several advantages over other 
materials, including its biocompatibility and lack of disease 
transmission. Resistance to infection is good, particularly if 
the bone is vascularized.7 Dimensional stability is variable 
and depends on several factors:

• Vascularity: vascularized is better than nonvascularized 
bone8,9
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Full-Thickness Calvarial Defects
Background
Full-thickness calvarial defects may be seen in a number of 
situations such as after gunshot wounds, after loss of osteo-
plastic craniotomy flaps, or as a result of a growing skull 
fracture.

Growth of a linear or nonlinear skull fracture with time is 
a specific and unusual variant on the full-thickness calvarial 
defect. Ninety percent of the cases are seen in children 
younger than 3 years of age14 (Fig. 24-5), although the process 
may also be observed in older children and adults.15 This 
delayed complication of skull fracture is rare and occurred in 
only 0.6% of the cases in one large series.16 Growing skull 
fractures manifest with soft swelling in the region of a previ-
ous skull fracture and clinical and radiographic evidence of 
increased width and length of the previous fracture. The pre-
dominant factor responsible for the increased size of the frac-
ture seems to be a dural defect17 with abnormal growth of the 
underlying cerebral tissues,18 usually in the form of a lepto-
meningeal cyst but also from herniated cerebrum or dilated 
underlying ventricle with porencephalic cyst.

Full-thickness calvarial defects may require treatment for 
a number of reasons. There may be a risk of further trauma 
from blunt injury or a penetrating object, and a significant 
cosmetic defect may be apparent (see Fig. 24-5). In addition, 
infections of the scalp present a significant risk of intracranial 
spread due to loss of the natural barrier of the calvarial bone, 
with potentially serious consequences.19

Reconstruction using alloplastic prostheses has histori-
cally been the most commonly used method for correction 
of the larger full-thickness calvarial defect. In the early 20th 
century, active interest developed in autogenous cranioplasty 
from various donor sites such as tibia, ilium, ribs, or skull. 

(e.g., tricalcium phosphate) may be used; and minor malar 
deficiencies, for which alloplastic onlay grafts are an option.

FOLLOW-UP

Postoperative follow-up is essential to monitor the results of 
treatment and to assess the need for further procedures. It is 
not uncommon for several reconstructive procedures to be 
necessary to achieve the best possible result. Cohen and 
Kawamoto1 presented a series of complex posttraumatic 
deformity cases in which an average of 3 to 4 procedures per 
patient (range, 1-15 procedures) was needed to obtain optimal 
correction. However, it is important to appreciate the limita-
tions of corrective surgery and to accept that some patients 
cannot be restored to complete normality. There is a danger 
that unrealistic expectations of outcome on the part of the 
patient or the surgeon may result in an increasing number of 
surgical interventions yielding diminishing returns. If this 
point is reached, psychological counseling may be appropri-
ate to help the patient accept and cope with any residual 
deformity.

In the remainder of this chapter, we discuss the application 
of the principles of secondary correction of posttraumatic 
deformity in the following areas: cranial vault deformity,  
orbitozygomatic injuries, nasoethmoidal injuries, posttrau-
matic malocclusion, and complex cases involving bone 
deficiency.

DEFECTS AND DEFORMITY OF THE SKULL

Cranial vault deformities are discussed under the headings of 
calvarial defects, frontal sinus fractures, and orbital roof 
fractures.

FIGURE 24-5  Clinical presentation of a growing skull fracture. A, Frontal view. B, Lateral view. 

A B
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More recently, the trend has been to use split-thickness cal-
varial bone grafting. Calvarial bone grafts have become more 
popular because of their greater dimensional stability and 
lower donor site morbidity compared with other bone graft 
donor sites. However, harvesting of these grafts still involves 
small risks of dural tears, meningitis, brain abscess, encepha-
litis, and sagittal sinus tears. These risks depend on the size 
of the graft harvested, whether full-thickness or split-
thickness grafts are used,20 the location of the donor site, and 
the skill and experience of the surgeon.

Assessment
A full history of the cranial defect should be established 
together with previous surgical details, including any prior 
attempts at reconstruction, to anticipate potential surgical 
complications such as dural tears or the need to remove plates 
or other implants placed previously. As always, a thorough 
clinical examination is required. Special attention should be 
given to the site and size of the skull defect. The positions of 
previous surgical scars should be noted and the quality of the 
soft tissues overlying the bony defect assessed.

Plain radiographs show a characteristic irregular oval or 
elliptical skull defect. CT scanning provides more detailed 
images as well as useful information about the underlying 
brain. This is of special relevance when growing skull frac-
tures are being managed. MRI is often used in addition 
because of its excellent soft tissue imaging characteristics. 
Reformatting of axial and coronal CT images can be per-
formed to create 3-D images that give excellent visualization 
of the cranial defect. Modern software allows the milling of 
an exact model of the skull and defect. This is particularly 
useful for very large defects because it allows the fabrication 
of a custom-made alloplastic cranioplasty implant (Fig. 24-6).

Treatment Planning
The decision to reconstruct a full-thickness calvarial defect 
depends on a number of factors including age, risk of injury, 
the size of the defect, any underlying pathology, and the cos-
metic consequences of the defect. The decision to operate is 
based on the merits of each individual case. Whether a cal-
varial bone graft or an alloplastic implant is used depends 
largely on the size of the defect and the availability of suffi-
cient calvarial bone to cover it without leaving a deficiency in 

FIGURE 24-6  Three-dimensional model of skull defect and prefab-
ricated implant. 

the donor area. Large full-thickness calvarial defects are 
usually reconstructed with the use of alloplastic implants, 
whereas smaller defects are amenable to the use of split cal-
varial bone grafts.

Operative Technique
Surgery is performed with a standard coronal flap approach. 
Great care is needed when elevating the flap in the region  
of the bony defect to avoid producing a dural tear. The 
margins of the defect are exposed by subpericranial and 
extradural dissection, and any soft tissues within the fracture 
line or defect are excised or repositioned, including excision 
of nonviable cerebral tissue and dural repair where 
necessary.

If a calvarial bone graft is to be used, a template of the 
defect is cut out of sterile paper to aid in accurate harvesting 
of the graft. The exact form of the calvarial bone graft depends 
on the size of the defect being reconstructed. Shave grafts 
consist of fine strips of bone harvested from the outer table 
with osteotomes. Their advantage is that multiple grafts can 
be harvested from a wide area without leaving a significant 
donor defect. However, their small size means that they 
cannot be rigidly fixed in their new position, and therefore 
they are not recommended.

Sliding bone grafts are in many ways analogous to the 
advancement flaps used in skin surgery. An area of bone is 
exposed adjacent to the defect, and a bone graft somewhat 
larger than the defect is marked out with saws or burs. The 
outer table of the skull is harvested through the diploic layer, 
leaving the inner table intact. The bone graft is then slid 
across the defect in such a manner that it still partially lies 
across the inner table of the donor site. Such overlap allows 
increased primary stability and may possibly lead to earlier 
bony union.

Transposition calvarial bone grafts are now the most 
widely accepted method of reconstructing sizeable full-
thickness skull defects.20 After complete exposure of the edges 
of the bony defect, a template is fashioned, and a suitable area 
for the harvest of calvarial bone is identified. This is most 
often in the parietal region on the contralateral side from the 
preexisting defect. A full-thickness piece of calvarial bone 
slightly larger than the template is removed, with great care 
taken not to damage the underlying dura. The bone graft is 
then split with the use of fine osteotomes and saws along the 
diploic layer, producing two similarly sized pieces of bone 
consisting of the inner and outer table (Fig. 24-7). The outer 
table bone graft can be returned to the donor site, and the 
inner table graft can then be adapted to reconstruct the bony 
defect.

Fixation is achieved at the donor site and the grafted sites 
by microplates or miniplates (Fig. 24-8). For growing skull 
fractures in pediatric patients, consideration should be given 
to use of resorbable plates to avoid “drift” of the plate from 
the outer to the inner aspect of the calvaria with continued 
skull growth. The donor site should be covered with a layer 
of absorbable cellulose polymer (Surgicel). The pericranial 
layer is then closed and the scalp is repaired over a suction 
drain if necessary.

Outcome of Calvarial Defect Reconstruction
The outcome of reconstruction of simple calvarial defects 
using split calvarial bone grafts is excellent. In a follow-up 
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posterior wall of the frontal sinus is fractured, cranialization 
of the sinus and stripping of the lining mucosa, together with 
obliteration of the frontonasal duct with muscle, fat, or  
cancellous bone chips, are necessary to prevent late com-
plications of CSF leakage, mucopyocele, osteomyelitis, and 
meningoencephalocele.24 A dural repair is usually required if 
the posterior wall is fractured. On occasion, however, patients 
may present for late correction of a depressed fracture of the 
frontal bone, usually for reasons of cosmesis.

Assessment
A thorough history of the injury and its subsequent manage-
ment should be taken. If the posterior table was involved in 
the original fracture, it is important to know whether a cra-
nialization procedure was performed, because this has impor-
tant consequences for the reconstruction of the bony defect. 
In this situation, fibrosis and adhesions increase the risk of 
further dural tear, and avoidance of extradural dissection is 
desirable. Onlay bone graft or use of an alloplastic filler mate-
rial may be more appropriate than osteotomy to reduce risk 
of complications.

The frontal bone contour and the condition of the overly-
ing skin are examined. The sensation subserved by the supra-
orbital and supratrochlear nerves should be assessed before 
the coronal flap is raised.

Plain radiographs can provide useful information espe-
cially with regard to the presence and location of metalwork 
from previous surgical procedures. CT scans are required to 
show greater detail of the anatomy of the anterior and poste-
rior walls of the frontal sinus. The presence of active frontal 
sinus disease, if any, can be assessed and should be treated 
before reconstruction.

Treatment Planning
There are two principal methods of management, both of 
which usually involve a coronal approach. First, the bone may 
be re-osteotomized along the previous fracture lines and the 
bone fragments fixed in their original position with mini-
plates or microplates. If the posterior table has been involved, 
this is likely to entail a formal craniotomy. Alternatively, the 
defect can be masked with an onlay bone graft or an 

study of 27 patients, Posnik et al.21 found minimal complica-
tions with no infections, graft exposures, or intracranial  
injuries. However, a growing skull fracture is a different clini-
cal entity. In a study of 41 patients with growing skull frac-
tures, Gupta et al.16 reported a death rate of 7%, postoperative 
CSF leaks in 7%, and local wound infection in 14%. In a 
review of 132 cases reported in the literature, Pezzota et al.22 
found a high incidence of seizures and focal neurological 
deficits; functional recovery was linked to the clinical presen-
tation and early diagnosis. Reconstruction of simple calvarial 
defects is therefore associated with a better outcome than that 
of growing skull fractures, in which the postoperative mor-
bidity is largely related to abnormalities of the underlying 
brain.

Frontal Sinus Fractures
Background
Frontal sinus fractures are most commonly managed in the 
acute setting, where open reduction and internal fixation 
(ORIF) of the disrupted bone is performed together with any 
necessary maxillofacial or neurological surgery.23 If the 

FIGURE 24-7  Split calvarial bone graft with outer and inner tables 
separated. 

FIGURE 24-8  Split calvarial bone graft. A, Outer table replaced at donor site. B, Inner table recon-
structing defect. 

A B
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FIGURE 24-9  Frontal  sinus  fracture.  A,  Bicoronal  flap.  B,  Osteotomy  and  fixation  of  fragments. 
C, Augmentation with tricalcium phosphate bone cement. 

A

C

B

alloplastic implant. However, if the contour defect is minor, 
it may be corrected more simply by using calcium triphos-
phate bone replacement material keyed to the bone with 
microscrews or fine titanium mesh.

Operative Technique
Figure 24-9 illustrates the operative technique.

Outcome
The outcome after secondary osteotomy or bone grafting for 
displaced anterior wall fractures is excellent. Most complica-
tions are associated with the original injury and depend on 
whether the posterior wall is involved with dural tear, pres-
ence of CSF leaks, involvement of the nasofrontal duct, and 
whether adequate treatment (including, if necessary, dural 
repair, cranialization, or obliteration of the sinus and naso-
frontal duct) was carried out. In a series of 33 patients with 
frontal sinus fracture,25 long-term complications occurred in 

4 patients, only 2 of which were cosmetic. The requirement 
for secondary surgery is therefore small in well-managed 
frontal sinus fractures.

Orbital Roof Fractures
Background
Orbital roof fractures are a consequence of severe trauma and 
are associated with a considerable likelihood of neurological 
and ophthalmological injury. In general, such injuries are 
managed in the acute phase, but if they were not treated or if 
treatment was inadequate, significant secondary deformity 
may occur. Before the age of 3 years, the orbital roof may be 
the site of a growing skull fracture.15

Assessment
A history of the original injury and previous treatment, 
together with the original notes, radiographs, and scans, is of 
great help in planning surgery.
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bar. This requires joint management by neurosurgical and 
maxillofacial specialists.

Small depressions or contour irregularities may be masked 
by bony recontouring with burs and by the application of 
small onlay bone grafts or, alternatively, one of the proprie-
tary bone cements. Large displacements or defects in the 
orbital roof require accurate reduction or reconstruction with 
split-thickness calvarial bone graft (after dural repair, if nec-
essary). If a frontal craniotomy has been performed, the graft 
can be harvested from the inner table of the frontal bone flap, 
thereby avoiding any visible or palpable donor site defect.26

Outcome
There is very little in the literature regarding secondary cor-
rection of orbital roof fractures.27 With accurate reconstitu-
tion of the anatomy, the outcome should be good in both 
pediatric and adult patients. However, some inaccuracy in 
vertical and AP globe repositioning, as well as postoperative 
diplopia, may occur.

DEFORMITY OF THE ORBITOZYGOMATIC 
REGION

Background
Fractures of the orbit and fractures of the zygoma are dis-
cussed together because of the great overlap of these topics. 
Injuries to this area can produce complex deformities, and 

A full assessment of the external bony contour should be 
made. Irregularity or asymmetry of the supraorbital rims 
should be noted. An assessment of enophthalmos or exoph-
thalmos (including pulsating exophthalmos indicative of 
orbital roof defects) should be made. Sensory function of the 
supraorbital and supratrochlear nerves should be assessed. As 
with any orbital reconstruction, an ophthalmological opinion 
should be sought before any surgery is performed to docu-
ment vision and ocular motility preoperatively, identify any 
problems, and act as a baseline for postoperative follow-up. 
If the orbital roof itself has been depressed, ocular dystopia 
with inferior displacement of the globe will occur (Fig. 24-10). 
Larger defects of the orbital roof put the patient at risk of 
dural herniation, which may result in pulsating exophthal-
mos and disturbance of ocular function.

Special Investigations
Fine-cut axial and coronal CT scans should be obtained to 
provide detailed images of the orbital roofs of both orbits 
(Fig. 24-11). This allows accurate surgical planning, and mea-
surements can be made of bony displacement, deficiency, or 
asymmetry.

Operative Technique
In most cases, a coronal flap is the most appropriate approach. 
Occasionally, it is possible to access the surgical area via an 
existing scar or local incisions, and for small defects confined 
to the supraorbital rim, this approach may be adequate. 
However, larger deformities and any significant displacement 
or deficiency of the orbital roof will require a transcranial 
approach with unilateral frontal craniotomy, retraction of the 
frontal lobe, and, on occasion, removal of the supraorbital 

FIGURE 24-10  Orbital  roof  fracture. A,  Inferior displacement of 
eye. B, Proptosis. 

A

B

FIGURE 24-11  Computed  tomographic scan of orbital  roof  frac-
ture shows significant displacement of fracture segment. 
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was altered by the original trauma, the reading may be 
unreliable.

Any asymmetry of the malar prominences should be 
noted. The malar eminence on the injured side may be dis-
placed medially, posteriorly, and inferiorly. Rarely, if previous 
surgery has overreduced the zygomatic complex, it may be 
lateral to its normal position and therefore overprominent 
(Fig. 24-13). Facial width should be assessed by comparing 
the relative prominence of the zygomatic arch on the injured 
and uninjured sides. If the zygoma is displaced posteriorly, 
there will be a “bowing out” of the zygomatic arch, increasing 
the facial width on the injured side.

careful planning is required when secondary corrective 
surgery is contemplated. In general, deformity is caused by 
inadequate primary surgery28; it is related in part to the 
underlying bony skeletal abnormality and in part to the soft 
tissue component, including scarring, thickening, and incor-
rect draping of the soft tissue envelope on the facial bones. 
Deformities of upper and lower eyelids may be seen, often 
from the initial trauma but occasionally from a previous sur-
gical approach.

Patient complaints may be related to cosmetic or func-
tional deficit, or both. It is important to establish from the 
outset the specific concerns of the patient and expectations 
of the outcome of treatment. This will allow surgery to be 
tailored to the patient’s concerns rather than the surgeon’s 
view of the deformity and will provide the opportunity to 
dispel any unrealistic expectations.

Assessment
A full history should include the mechanism of the original 
injury, the treatment previously received, and the current 
concerns of the patient. A number of factors contribute to 
unsatisfactory appearance after orbitozygomatic injuries.

Enophthalmos is common because of increased orbital 
volume or herniation of orbital contents through defects in 
the orbital walls, usually the inferior or medial wall (Fig. 
24-12). Ocular dystopia may occur with inferior displace-
ment of the globe when Whitnall’s tubercle is inferiorly dis-
placed as a result of zygomatic malunion after an inferiorly 
displaced fracture. Loss of zygomatic prominence leading to 
cheekbone asymmetry is common, and increased facial width 
due to bowing of the zygomatic arch may occur secondary to 
an inadequately reduced, posteriorly displaced zygomatic 
fracture. Telecanthus may be present if the original fracture 
involved the portion of bone bearing the medial canthal liga-
ment or if the ligament was detached during surgical access 
for primary treatment.

Esthetic concerns with regard to the periorbital soft tissues 
are frequently related to the position of the eyelids and canthi. 
Lid retraction or true ectropion (or both) may be seen, usually 
as a result of previous treatment (see Fig. 24-4).

Functional deficits after orbital trauma frequently relate  
to injury to the globe itself and are therefore within the  
preserve of the ophthalmological surgeon. Tethering and 
scarring of the periorbita and extraocular muscles may cause 
diplopia, which, if severe, can be disabling. Epiphora is a 
frequent complaint and may be related to damage to the bony 
or soft tissue component of the lacrimal drainage apparatus, 
including abnormalities of lower lid and lacrimal punctum 
position. If epiphora persists, corrective surgery may be 
necessary.

Clinical examination should include assessment of the 
degree of enophthalmos, which should be assessed subjec-
tively by clinical examination and objectively by exophthal-
mometry. The classic signs of enophthalmos may be apparent, 
including obvious ocular retrusion, hypoglobus, deep supra-
tarsal fold, pseudoptosis, and narrowing of the palpebral 
fissure (see Fig. 24-12). The normal anterior projection of the 
globe relative to the lateral orbital rim is between 12 and 
16 mm. Although formal exophthalmometry would seem 
likely to give a more objective assessment than clinical exami-
nation, it is based on comparison between the position of the 
globe and that of the lateral orbital wall; if this bony landmark 

FIGURE 24-12  Enophthalmos.  A  and  B,  Clinical  appearance. 
C, Computed tomogram shows large floor blowout. 
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MRI scans are little used in the planning of facial bone 
osteotomies, but they do have a role in assessing the nature 
and quality of the overlying soft tissues and may be useful in 
difficult cases. The degree of herniation of tissues through the 
medial, the inferior, and (to a lesser extent) the lateral orbital 
wall may be assessed with MRI. It may also be possible to 
image trapping or tethering of extraocular muscles.

Dental study casts have little role to play in the manage-
ment of orbitozygomatic deformity unless a simultaneous 
osteotomy of the maxilla or mandible to correct a malocclu-
sion is planned. The availability of computer-generated 3-D 
models of the bony facial skeleton derived from CT scans has 
been a major step forward in this regard. Exact measurements 
can be made on the models, and the surgery can be accurately 
preplanned. If alloplastic materials are to be used, they can 
be custom made on the 3-D models. Recent advances in 
computer software allowing detailed virtual planning and 
intraoperative image guidance are likely to facilitate much 
more accurate surgical planning and execution of bony 
surgery, but it must be borne in mind that variation or  
limitation in the soft tissue response to bony surgery may  
still yield imperfect results even if the bony symmetry is 
restored.

Sinus endoscopy is a relatively recent innovation and may 
be useful to assess the condition of the orbital floor. In the 
acute situation, some success with definitive fracture manage-
ment has been achieved, but whether endoscopically assisted 
surgery will have any role in the management of the second-
ary deformity is unclear. One case has been reported of cor-
rection of enophthalmos secondary to a medial wall defect 
using alloplastic material inserted via an endoscopic approach 
medial to the lacrimal caruncle.29

If surgery is being considered, a full ophthalmic and 
orthoptic assessment is required to establish a baseline. This 
is especially important if the patient is experiencing 
diplopia.

Surgical Technique
For successful correction of the orbitozygomatic deformity, 
complete regional exposure is required,28 although some 
authors advocate a more conservative approach.30,31 Exposure 
is achieved through a bicoronal flap combined with a lower 
eyelid incision and an upper buccal sulcus incision. The 
bicoronal flap gives excellent access to the orbit and zygo-
matic arch and body and permits harvesting of calvarial bone 
graft. Stripping of the temporalis muscle facilitates exposure 
of the lateral orbital wall. The lower eyelid approach gives 
access to the infraorbital rim and orbital floor and allows 
visualization and protection of the infraorbital nerve. It may 
be done through a skin incision (blepharoplasty, midtarsal, 
or infraorbital) or a transconjunctival incision. The transcon-
junctival incision, which is usually combined with a lateral 
canthotomy, is technically more difficult to perform but has 
the advantage of leaving less facial scarring compared with 
the cutaneous approaches; it also may be associated with a 
lower incidence of lid retraction. The combination of the 
bicoronal flap and the lower lid approach allows circumfer-
ential subperiosteal dissection within the orbit. The lateral 
canthal ligament should be tagged and reattached at the end 
of the procedure. The medial canthal ligament, which is noto-
riously difficult to reattach, should have its origin carefully 
preserved.

An assessment of the overlying soft tissues should be 
made. The quality and thickness of the tissues should be 
noted. Scarred, contracted tissues may require correction at 
the time of osteotomy or later. Loss of sensation in the distri-
bution of the infraorbital nerve is common after orbital 
trauma, whereas loss of supraorbital and supratrochlear nerve 
sensation is less frequently seen. There is no evidence to 
suggest that secondary surgery has a beneficial effect on com-
promised nerve function; indeed, the patient should be aware 
that surgery carries the risk of further nerve damage.

Special Investigations
Plain radiographs have a limited role in surgical planning for 
correction of midface deformity. They are useful in identify-
ing the type and position of internal fixation used in previous 
operations, which will almost certainly need to be removed 
if further surgery is performed. A submentovertex radio-
graph will show the form of the zygomatic arches. Subtle 
variations in the shape of the arches can have a profound 
effect on facial width and overall facial balance.

CT scans are invaluable in surgical planning. Images 
should be obtained in the coronal and axial planes, and 3-D 
images can be particularly useful in orbitozygomatic injuries. 
Measurements from unaffected fixed points such as the ptery-
goid plates or contralateral uninjured orbit allow establish-
ment of a quantitative measurement of the bony deformity 
with respect to the contralateral, uninjured side. These mea-
surements should be established in three planes (vertical, 
mediolateral, and posteroanterior) so that the necessary 
movements or augmentations of the zygomatic-maxillary 
complex can be predicted. These movements should  
be accurately established before surgery is undertaken  
(Fig. 24-14).

FIGURE 24-13  Three-dimensional  computed  tomogram  shows 
overreduction of the fracture of the left zygoma. 
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FIGURE 24-14  Surgical planning using computed tomographic scans. A, Anteroposterior measure-
ment. B, Vertical measurement. C, Transverse measurement. 
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exhibits considerably less tendency for resorption than the 
previously used rib or iliac crest grafts, particularly if rigid 
fixation techniques are used.10 Calvarial bone should now be 
considered the gold standard for grafting in and around the 
orbit. The bone is readily available and does not require a 
separate incision for its harvest. Enough bone is available in 
most cases, and the morbidity associated with its harvest is 
very low.32 The technique has been described elsewhere, but 
the bone is usually obtained as thin rectangular strips, which 
are ideally suited for grafting orbital defects.

For the correction of enophthalmos, it is important that 
the bone graft be largely situated behind the equator of the 
globe so that the eye is displaced forward. Hypoglobus may 
be corrected if the bone graft is placed in the orbital floor 
beneath the globe, but care must be taken in placing orbital 
bone grafts not to produce unwanted elevation in globe posi-
tion. Bone grafts placed posteriorly within the orbit do not 
usually require fixation, although a number of specifically 
designed plates are available for this purpose. For grafts that 
are more anteriorly placed, fixation is recommended to mini-
mize the amount of resorption and prevent migration. If pos-
sible, the metalwork should be placed within the orbital 
margin so that it is not subsequently palpable through the 
thin infraorbital skin. A forced duction test is performed 
immediately before and again after placement of bone graft 
to ensure that ocular motility has not been jeopardized (see 
Fig. 24-1).

If a bone graft is being placed to correct a preexisting 
enophthalmos, overcorrection is advisable at the time of 
surgery to allow for swelling and a degree of bone graft 
resorption.28 Some authors have recommended placing inci-
sions within the scarred periorbital tissues to allow the globe 
to take up a more anterior position. However, it is likely that 
the scarring will recur, and this maneuver is not recom-
mended. Advancement of the displaced zygoma and orbital 
rim depends on the ability to simultaneously correct the 
enophthalmos, because otherwise the appearance of the 
enophthalmos itself may be worsened (Fig. 24-15).

Onlay Grafting
Onlay grafting may be used in mild cases of malar asymmetry 
and can usually be carried out easily through a lower eyelid 
incision. Calvarial bone, bone substitutes, or alloplastic 
implants may be used (Fig. 24-16).

NASOETHMOID FRACTURES

Detachment of the medial canthal ligaments together with 
their bony insertion is relatively common after orbital and 
nasoethmoidal fractures. Inadequate primary management 
leads to telecanthus and blunting of the medial canthal angle. 
Osteotomy and repositioning of the nasoethmoidal segment 
may be required. Complete correction of the medial canthal 
position is notoriously difficult, and overcorrection should be 
the aim. If the medial canthal ligament is not attached to an 
identifiable bone fragment, a transnasal canthopexy is 
required (Fig. 24-17). If a nasoethmoidal fracture has been a 
significant part of the orbital injury, a graft will almost invari-
ably be needed to the dorsum of the nose to re-create the 
degree of nasal projection present before the injury. Calvarial 
bone was widely used for this in the past. Although it gives a 
satisfactory appearance, its “feel,” especially toward the nasal 

The orbital floor must be dissected with great care, because 
the infraorbital nerve is frequently embedded in dense scar 
tissue and may easily be damaged. A similar situation applies 
where gaps in the bony skeleton (e.g., in the lateral orbital 
wall) have led to fusion of the intraorbital and extraorbital 
soft tissues. The buccal sulcus incision gives access to the 
anterior surface of the maxilla, the zygomatic buttress, and, 
via the maxillary sinus, the inferior aspect of the orbital floor.

Correction of bony deformities in the orbitozygomatic 
area depends on the performance of several key maneuvers. 
Zygomatic osteotomy reproduces the fracture lines of the 
original injury. After exposure, bone cuts are made from  
the infraorbital rim just lateral to the nerve extending down 
the anterior maxillary wall, passing posteriorly, to the zygo-
matic buttress. The bone cut is continued around the lower 
extent of the buttress onto its posterior face. Within the orbit, 
the cut passes from the infraorbital rim posteriorly to the 
anterior end of the inferior orbital fissure. The cuts are then 
continued superiorly through or just anterior to the greater 
wing of the sphenoid and to the zygomatic-frontal suture. 
Completion of the osteotomy at the posterior aspect of the 
buttress is best performed with the use of a fine, curved osteo-
tome, which is inserted via the coronal approach behind the 
lateral orbital rim within the temporal fossa; the incision 
extends from the anterior end of the inferior orbital fissure to 
join with the cut already made in the inferior part of the but-
tress. The root of the zygomatic arch is sectioned, resulting in 
complete freeing of the zygoma from its bony attachments. 
For the less experienced operator, appreciation of the exact 
3-D anatomy is enhanced if a dry skull or a 3-D model is 
available in the operating theater.

Before the zygoma is mobilized, the bony movements 
should be marked at the infraorbital rim, the zygomatic-
frontal suture, and the zygomatic arch. The most common 
posttraumatic displacement of the zygoma involves impac-
tion posteriorly, inferiorly, and medially. Usually, bone 
removal is required at the zygomatic-frontal suture to permit 
superior repositioning of the zygoma, whereas advancement 
and lateral movement will create bony gaps. The zygoma is 
fixed into its new position with microplates. Repositioning of 
the body of the zygoma often produces contour deformities 
and steps in the zygomatic arch, and the arch itself may 
require local osteotomies to allow it to be recontoured.

Anterior, lateral, and superior movement of the osteoto-
mized zygoma creates bony gaps and step deformities at 
several sites, and these require bone grafting to ensure bony 
union, stability, and soft tissue support and to avoid palpable 
irregularities and edges beneath the thin periorbital skin. 
Gaps occur at the infraorbital margin, orbital floor, the fron-
tozygomatic cut, lateral orbital wall, zygomatic arch, and 
zygomatic buttress. In addition, the zygomatic repositioning 
may have created an orbit larger in volume than before, allow-
ing herniation of periorbital tissues through bony defects of 
the orbital walls. Considerable widening of the inferior orbital 
fissure may occur as a result of repositioning. This increased 
orbital volume predisposes to the development of enophthal-
mos. The inferior orbital fissure should be exposed and the 
soft tissues divided (no significant structures pass through it); 
it should then be obliterated with a graft.

Bone grafting is essential to treat preexisting enophthal-
mos and to prevent its occurrence after osteotomy. Contoured 
calvarial bone is used for this purpose. Calvarial bone graft 
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Outcome
Long-term outcome depends on the extent of the secondary 
deformity, detailed planning, choice of technique, and metic-
ulous surgery. In a series published by Freihofer and Borst-
lap,33 osteotomy was found to give superior results compared 
with onlay techniques. In 16 cases of posttraumatic nasoeth-
moid facture, 14 reconstructions were assessed as good or 
satisfactory, with only 2 being rated as unsatisfactory due to 
undercorrection, overcorrection, or persistence of enophthal-
mos. The authors found no decrease in visual acuity. Among 
five cases with associated posttraumatic enophthalmos, two 
were corrected fully and three were only partially corrected. 
Infraorbital nerve sensory loss occurred in approximately 
half of the group. In a series of four cases, Perino et al.34 
reported good results and a low complication rate. However, 
in both reports, there was a significant requirement for 
further procedures to ensure optimal outcome. In Cohen and 
Kawamoto’s series1 including 14 cases of orbitozygomatic 
deformity, the average number of operations required was 
3.76. Further procedures may be required to reduce overcor-
rected malar position or to correct medial or lateral canthal 
dystopias, recurrence of enophthalmos, or abnormalities of 
eyelid position.

Hammer and Prein28 reported good or satisfactory esthetic 
results after secondary orbitozygomatic reconstruction in 20 
of 26 patients. Where diplopia was present before secondary 
correction, improvement occurred in just over half of the 

tip, is too solid to be natural, and grafts that are cantilevered 
superiorly without support at the nasal tip may subsequently 
displace. A nasal dorsal graft of carved costal cartilage sup-
ported inferiorly by a columella strut gives a more natural feel 
and a stable augmentation (Fig. 24-18).

FIGURE 24-15  Zygomatic osteotomy with calvarial bone graft to 
orbit. A  and B,  Preoperative  photographs  showing  enophthalmos, 
hypoglobus,  and  loss  of  zygomatic  prominence.  C  and  D,  After 
operative correction. 

A B

C

D

FIGURE 24-16  Onlay augmentation of left zygoma using vascular-
ized  calvarial  bone pedicled on  temporalis muscle. A,  Preoperative 
view. B, Postoperative view. 

A

B
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FIGURE 24-17  Secondary  deformity  after  nasoethmoidal  injury.  A,  Medial  canthal  detachment. 
B, Appearance after transnasal canthopexy. 

A B

A C

B

FIGURE 24-18  Nasal reconstruction after comminuted midfacial 
trauma. A, Preoperative  lack of nasal projection. B, Carved costal 
cartilage graft. C, Postoperative improvement in nasal projection. 
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fracture mobility in this situation by standard clinical exami-
nation, but careful inspection of the fracture site while 
occluding and discluding the teeth may demonstrate move-
ment. The use of articulating paper may help assessment if 
the discrepancy is small.

Investigation usually includes study models and plain 
radiographs. CT scans may occasionally help, particularly in 
the assessment of condylar injuries.

Dental study models are necessary to assess whether 
segmental surgery or whole-jaw surgery should be under-
taken. If the pretraumatic occlusion is obtainable with the 
existing arch form, then one-piece jaw surgery is indicated. 
If an acceptable occlusion is not obtainable, there may be 
a malunited segmental fracture or a degree of dentoalveolar 
compensatory change secondary to the altered occlusion 
and jaw position. In this situation, one-piece jaw surgery 
alone will not establish the pretraumatic occlusion, and 
adjunctive treatment is necessary. If the occlusal discrepancy 
is slight, selective occlusal grinding may allow a reasonable 
seating of the occlusion. If this is considered undesirable 
or will not achieve a satisfactory occlusion, then orthodontic 
treatment may be considered. However, a number of cases 
are unsuitable for orthodontics due to lack of anchorage, 
poor oral hygiene or dental condition, or lack of sufficient 
motivation. If orthodontics is precluded for any of these 
reasons, occlusal rehabilitation by restorative techniques may 
be considered, but this may also be limited by existing 
dental condition, oral hygiene, or patient motivation. In 
this situation, segmental surgery may be the only viable 
option.

Face bow recording and anatomical articulation provide 
information that is useful in planning treatment for correc-
tion of an anterior open bite. They allow accurate assessment 
of the degree of posterior maxillary impaction required and 
an approximate assessment of the degree of mandibular auto-
rotation. This is helpful in planning the need for mandibular 
osteotomy to correct AP jaw relationships.

Plain radiographs, particularly the orthopantomogram 
(OPG) and lateral cephalogram, demonstrate fibrous union, 
gross segment displacement, and the site of previously 
inserted metalwork; if orthognathic techniques are being 
used, they also provide a basis for orthognathic workup.

Treatment Planning
It is important to consider the need for multidisciplinary 
involvement before treatment is undertaken. This may  
involve an orthodontist and occasionally a restorative dental 
surgeon, because some occlusal discrepancies are amenable 
to occlusal adjustment, restorative treatment, or orthodon-
tics. As mentioned previously, other patients may require a 
joint orthodontic and surgical approach using standard 
orthognathic techniques, particularly if a preexisting maloc-
clusion or dental crowding existed or if sufficient time has 
elapsed since the injury to allow some compensatory dento-
alveolar changes to occur. On occasions the amount of move-
ment required at osteotomy is relatively small, resulting in 
only a small acceptable margin of error in jaw and segment 
positioning at surgery. If positioning errors occur, elastic  
traction may be adequate for correction in the early postop-
erative phase, but if this proves inadequate, an assessment  
of the feasibility of orthodontic or restorative solutions is 
useful.

group. There was a complication rate of 15% including visual 
loss due to displacement of bone graft, endophthalmitis, 
orbital abscess, and exposure of a nasal bone graft.

Hans and Freihofer35 reported a series of patients who 
underwent secondary correction of fractured zygomas with 
a good result obtained in 80%. Medial canthopexy was carried 
out in 19 patients; 3 required further procedures, but all 19 
achieved a satisfactory or good final outcome.

POSTTRAUMATIC MALOCCLUSION

Background
Posttraumatic malocclusion may occur after malunion of any 
fracture that directly or indirectly involves the alveolar seg-
ments of the maxilla or mandible. These include isolated 
dentoalveolar fractures of the maxilla or mandible; maxillary 
fractures including Le Fort I, II, and III fractures with or 
without palatal split; and mandibular fractures.

Before the introduction of miniplating, stabilization of the 
occlusion by intermaxillary fixation (IMF) was the primary 
aim of treatment of facial fractures. The introduction of inter-
nal fixation makes direct anatomical segment reduction the 
primary aim. If this is achieved, a normal occlusion should 
automatically follow, and it does so in most cases. However, 
in some comminuted maxillary or mandibular fractures, a 
perfect occlusion is difficult to achieve, and most fractures of 
the mandibular condyle tend to be managed by closed tech-
niques, with the potential for displacement after removal of 
the intermaxillary fixation. In addition, large muscle forces in 
the mandible may cause movement of the fracture site, result-
ing in fibrous union or nonunion. Infection of mandibular 
fractures, particularly those involving the tooth-bearing 
segment of the mandible or the angle, may result in nonunion 
and segment displacement with malocclusion.

Diagnosis
In the presence of small displacements of segments, patients 
usually complain of functional difficulties in biting and 
chewing and the inability to find a positive, comfortable inter-
cuspal position. In large displacements, an effect on facial 
appearance may be added, particularly with increases in the 
mandibular angle that cause an anterior open bite and man-
dibular asymmetry, both usually due to malunion of man-
dibular condylar fracture. Complaints related to TMJ 
dysfunction may follow malunion of condylar fractures, and 
mechanical joint derangement may result in severe deviation 
or limitation of mouth opening.

Assessment of TMJ function is mandatory, because restric-
tion of mouth opening or severe deviation may necessitate 
TMJ surgery in addition to osteotomies or bone grafting. It 
is important to check for mandibular displacement and 
ensure that the mandible is fully retruded when the maloc-
clusion is assessed. Occasionally, a patient presents with 
occlusal complaints but shows an apparently good occlusion. 
This problem may be a minor mandibular displacement, indi-
cating a discrepancy between the retruded condylar position 
of the mandible and the intercuspal position. In addition, 
fibrous union of a body fracture, which allows a very small 
degree of movement between segments, may lead to good 
intercuspation but only at the expense of bone movement at 
the site of the fibrous union. It may be difficult to see obvious 
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the region of the maxillary tuberosity and pterygoid  
plates.

Once the correct maxillary position is established, any 
significant bony gaps or deficiencies are bone grafted. This is 
particularly important at the piriform and zygomatic but-
tresses and at the anterior maxillary wall. These ensure union, 
stability, and support for the overlying soft tissues of the 
cheek. However, the use of bone grafts in Le Fort I osteoto-
mies to correct posttraumatic occlusion is uncommon 
because of the relatively small movements involved.

If segmental surgery is necessary to reposition a dento-
alveolar segment only, it is best carried out by means of a full 
Le Fort I down-fracture in the manner described earlier. This 
approach facilitates access for bone cuts, particularly in the 
palate, and removal of bony interferences between segments. 
Care must be taken to avoid injury to the dental roots adja-
cent to the segmental bone cut, especially if preoperative 
orthodontic treatment has not been carried out. If palatal 
expansion is carried out, then bone graft may be placed in the 
palatal osteotomy gaps to improve transverse stability.1 Previ-
ously described local segmental maxillary osteotomies have 
largely been superseded by the Le Fort I down-fracture 
technique.

Outcome There is very little literature devoted to the 
outcome of maxillary osteotomies, either one-piece or seg-
mental procedures, for the correction of posttraumatic 
deformity. Stability after osteotomies for posttraumatic 
deformity depends to an extent on the nature of the origi-
nal injury, its treatment and subsequent secondary proce-
dures, and the presence of soft tissue scarring, which is 
likely to increase relapsing forces, a phenomenon well 
known in cleft osteotomy. Cohen and Kawamoto1 reported 
the results of 25 patients with severe posttraumatic facial 
deformities, including 10 Le Fort I osteotomies. Although 
they presented no detailed analysis of long-term outcome, 
they took the view that malocclusion after secondary cor-
rection should be rare. However, any adult nonorthodontic, 
orthognathic surgery demands meticulous technique and 
accurate positioning of segments.

Mandible
Patients presenting with malocclusion after mandibular inju-
ries have nonunion, fibrous union, or malunion.

Nonunion and Fibrous Union Nonunion and fibrous union 
may occur after fracture of any part of the mandible but most 
commonly affects fractures of the mandibular angle.36 In a 
study of 1432 mandibular fractures, Mathog et al.37 found a 
2.8% incidence of nonunion. They reported an increased inci-
dence in male patients, in fractures affecting the body of the 
mandible, and in patients with multiple fractures. Inadequate 
stabilization or reduction and osteomyelitis were found to be 
common. Other contributory factors included lack of pro-
phylactic antibiotics, delay in treatment, presence of teeth in 
the line of the fracture, alcohol and drug abuse, an inexperi-
enced surgeon, and lack of patient compliance.37 Moreno et 
al38 found that the rates of overall complications, postopera-
tive infection, and postoperative malocclusion were signifi-
cantly correlated with the severity of the original fracture. 
Similar risk factors were identified by Haug and 
Schwimmer.39

The detailed surgical movements are dictated by the estab-
lishment of an acceptable dental occlusion. Intraoperative 
occlusal wafers to assist accurate jaw and segment  
positioning are essential. Preformed arch bars facilitate  
intraoperative intermaxillary fixation. If significant edentu-
lous areas exist, especially posteriorly, acrylic saddles should 
be incorporated within the arch bars to facilitate jaw position-
ing, and they should be left in situ postoperatively to improve 
jaw stability and prevent loss of posterior ramus height in the 
early postoperative period.

Osteotomies
Maxilla
Indications To correct occlusal abnormalities caused by 
maxillary malunion, Le Fort I osteotomy is indicated. Oste-
otomy at the Le Fort II or III level, or variations of these 
procedures tailored to the individual needs of the patient, 
may be required in some instances if simultaneous correction 
of midface deformity is necessary. However, primary treat-
ment by ORIF and primary bone grafting have substantially 
reduced the need for more extensive maxillary osteotomies 
in the treatment of secondary posttraumatic deformity. Le 
Fort I osteotomy is therefore indicated for most cases of max-
illary occlusal abnormality when segmental or one-piece 
maxillary repositioning is necessary. In addition, maxillary 
osteotomy may be required to close an anterior open bite after 
bilateral condylar malunion.

Operative Technique A standard Le Fort I down-fracture is 
carried out via a horseshoe-shaped buccal sulcus incision. 
Bone cuts of the lateral maxillary wall, zygomatic buttress, 
lateral nasal walls, pterygomaxillary junction, and nasal 
septum are carried out in a manner similar to standard 
orthognathic surgery. After down-fracture, the maxilla is 
mobilized, and, if indicated, segmentation of the maxilla can 
be carried out from the nasal aspect by making a horseshoe-
shaped cut in the bony palate and extending it radially 
between the roots of the teeth either side of the site of the 
desired segmental cut. After segmentation, an acrylic palate 
retained with Adams cribs helps to control the segments, and 
temporary intermaxillary fixation is applied with the use of a 
prefabricated occlusal wafer to establish the desired position 
of the maxilla relative to the mandible. Any areas that cause 
interference with establishment of the desired position of the 
maxilla are removed. This is particularly important in the 
nasal septum to avoid postoperative septal deviation and at 
the posterior maxilla in cases of maxillary impaction. The 
maxilla is then fixed with miniplates at the piriform apertures 
and zygomatic buttresses.

Once the maxilla is fixed, the intermaxillary fixation is 
removed to check the newly established dental occlusion. 
This must be exactly as planned and must be achievable by 
gentle upward pressure on the chin point, ensuring that no 
distraction of the mandibular condyles out of the glenoid 
fossae has occurred. If distraction happens, an anterior 
open bite will be detectable after removal of the intraopera-
tive intermaxillary fixation, or certainly in the early postop-
erative period. If on careful checking of the occlusion, any 
discrepancy, in particular anterior open bite, is detected, 
then the occlusal wafer and intermaxillary fixation must be 
reapplied and the maxilla repositioned and replated, after 
removal of any persistent bony interferences, especially in 
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Outcome Outcome is usually good, although sensory loss in 
the region of the inferior dental nerve is common due to 
inevitable scarring and damage as a result of the original 
injury, primary treatment, and secondary bone grafting.

Malunion Malunion may occur in the horizontal or vertical 
ramus of the mandible.

Horizontal Ramus Malunion of a fracture of the horizontal 
ramus usually requires direct osteotomy to re-create the frac-
ture, mobilization and repositioning of the segments, and 
placement of internal fixation. The expectation is for an excel-
lent outcome.

Angle, Vertical Ramus, and Condylar Fractures
Background Malunion of fractures behind the tooth-bearing 
segment of the mandible results in displacement of the whole 
dentoalveolar arch. Uncomplicated angle and ramus fractures 
rarely result in malunion because they are amenable to ORIF. 
However, mandibular condyle fractures are often treated 
nonsurgically by closed methods of reduction, intermaxillary 
fixation, and elastic traction. Displacement of the mandible 
and resulting malocclusion may occur for a variety of reasons. 
Severe condylar malposition with dislocation allows vertical 
shortening of the ascending ramus, and this may be associ-
ated with restricted mouth opening or deviation on opening 
due to mechanical disruption of the TMJ.

The functional status of the TMJ is an important factor in 
the choice of technique adopted for correction of the occlusal 
deformity. If TMJ function is significantly compromised, 
reduction of the dislocation may be necessary, along with disc 
repositioning. If TMJ function is acceptable, ramus osteot-
omy is indicated to avoid joint surgery and the possibility of 
surgically induced limitation of mouth opening. Vertical 
ramus shortening may also occur after angular displacement 
of the condylar neck without dislocation if telescoping of the 
proximal and distal fragments occurs, particularly if the 
molar teeth are absent and there is lack of posterior occlusal 
support. It may also be seen after condylar resorption.39

In unilateral condylar fractures, malunion results in short-
ening of the ipsilateral ramus height, transverse cant of the 
lower occlusal plane, gagging of the occlusion on the ipsilat-
eral posterior molars, and contralateral open bite. In addition, 
there may be posterior displacement of the ipsilateral man-
dible resulting in obvious chinpoint asymmetry, as well as 
crossbite or scissors bite. If bilateral malunion occurs, both 
ascending rami shorten; this causes an increase in the man-
dibular and lower occlusal plane angle, bilateral occlusal 
gagging on the posterior molars, anterior open bite with  
a class II jaw relationship, and, if severe, lip incompetence 
(Fig. 24-20).

Unilateral Treatment The aim of treatment in unilateral 
cases is to restore the pretraumatic ramus height and rectify 
any posterior mandibular displacement. This corrects the 
occlusal plane cant and restores a normal occlusion. These 
aims can be achieved by performing an osteotomy at the site 
of the original fracture, with repositioning and, if necessary, 
interpositional bone grafting to maintain the lengthening of 
the ramus, or by a ramus osteotomy distant from the fracture 
site, such as a vertical subsigmoid, inverted L, or sagittal split 
osteotomy. Direct fracture line osteotomy is appropriate if the 

Treatment Treatment requires débridement of the fracture 
site and eradication of infection, with accurate reduction and 
fixation. In the absence of significant bone deficit, this treat-
ment should result in successful union. Because infected non-
unions manifest with a mandibular continuity gap, temporary 
fixation of fragments is desirable to allow resolution of infec-
tion before bone grafting. If there is intact overlying muco-
periosteum, this may be achieved by rigid internal fixation. 
However, in long-standing severe cases, the quality and avail-
ability of mucosal cover for the fracture may be poor. If inter-
nal fixation is used in these cases, dehiscence of the intraoral 
wound may occur with resultant plate exposure. In this situ-
ation, immobilization is best achieved by use of an external 
fixator (Fig. 24-19). Once infection is eradicated and mucosal 
healing has occurred, cancellous or corticocancellous bone 
graft and internal fixation in the form of mesh or plates is 
carried out, usually via an extraoral approach to avoid con-
tamination of the bone graft by intraoral bacteria.

Operative Technique The fracture site is approached by a 
standard intraoral or extraoral incision. The fracture is mobi-
lized, bone ends are cut back to healthy bleeding bone, and 
segments are repositioned with the aid of temporary intraop-
erative intermaxillary fixation and use of an occlusal wafer 
for accurate location of the teeth. If little or no bone gap is 
present, bone grafts may be unnecessary, but in most cases 
cancellous or corticocancellous bone harvested from the iliac 
crest restores mandibular continuity defects and ensures bony 
union.

FIGURE 24-19  Infected nonunion of fractured mandible. A, Exter-
nal fixator in place. B, Maintenance of occlusion with fixator. 

A

B
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is of little significance and results in a stable correction of the 
anterior open bite component of the deformity as a conse-
quence of mandibular autorotation. Mandibular autorotation 
also produces a degree of anterior mandibular projection, and 
this may be sufficient to correct the mild class II skeletal 
relationship. The degree of anterior projection resulting from 
autorotation may be assessed preoperatively by surgical simu-
lation using an anatomical articulator. If autorotation is insuf-
ficient to correct the AP discrepancy, bilateral sagittal split 
mandibular advancement is indicated. As in orthognathic 
cases, the addition of advancement genioplasty in some 
patients may enhance the esthetic result and improve lip com-
petence where needed.

Unilateral Operative Technique Access is gained via a pos-
terior intraoral buccal sulcus incision or a submandibular, 
retromandibular (Fig. 24-21B), or preauricular extraoral 
incisions. Depending on the technique chosen, the old  
fracture line is osteotomized or a ramus osteotomy is  
carried out distant from the fracture site (see Fig. 24-21C). 
Once this has been done, temporary, intraoperative inter-
maxillary fixation with an occlusal wafer is applied (see  
Fig. 24-21D).

Next, posterior and upward traction is applied to the prox-
imal fragment to keep the condyle in its retruded position. 
The condyle may be located outside the confines of the 
glenoid fossa if it is dislocated. In this situation, intraoperative 
judgment of the correct condylar position is a little more dif-
ficult, but the surgeon should err on the side of overcorrec-
tion if doubt exists. Seating of the condyle reveals the extent 
of the ramus height deficit. If direct fracture osteotomy or an 
inverted L osteotomy has been carried out, a suitably sized 
bone graft is inserted into the osteotomy gap and internal 
fixation is applied. If a vertical ramus osteotomy or sagittal 
split has been carried out, no bone graft is necessary and fixa-
tion is applied after repositioning of the proximal segment 
(see Fig. 24-21E).

In some cases of unilateral injury, a contralateral sagittal 
split osteotomy may be required to achieve the preplanned 
occlusion. This can be assessed preoperatively with the use of 
an anatomical articulator and intraoperatively when the 
occlusion can be assessed after osteotomy on the injured side. 
If a satisfactory occlusion is achieved, contralateral osteotomy 
may be unnecessary. If satisfactory occlusion cannot be 
achieved, contralateral osteotomy must be carried out  
(Fig. 24-22).

Bilateral Operative Technique Posterior maxillary impac-
tion, mandibular autorotation, and advancement are well 
described in the orthognathic literature. The use of these 
techniques in a posttraumatic situation usually demands little 
or no modification (Fig. 24-23).

Outcome The techniques described are effective in correct-
ing the esthetic and functional problems associated with 
posttraumatic malocclusion. In a study of 21 patients, Becking 
et al.41 reported stable dental and cephalometric results in 20 
patients. Similarly, Spitzer et al.42 reported occlusal correction 
and normal mandibular movement in a group of 14 patients. 
Rubens et al.40 presented four cases with successful outcome, 
including correction of occlusion and resolution of TMJ and 
muscle pain.

fracture site involves the angle or ascending ramus. However, 
if the fracture involves the condylar neck, direct osteotomy 
and grafting can be difficult and carry significant risk of post-
operative trismus or ankylosis. In this situation, vertical sub-
sigmoid osteotomy, inverted L, or sagittal split osteotomy is 
indicated provided TMJ function is adequate. If TMJ func-
tion is compromised, reduction of the condylar fragment and 
disc repositioning may be necessary despite the surgical dif-
ficulty and risk of surgically induced restriction of mouth 
opening postoperatively.

If TMJ surgery or condylar reduction is not necessary, the 
particular type of osteotomy chosen is governed by the direc-
tion and extent of displacement. Rubens et al.40 recommended 
that, when horizontal movement is the primary goal, sagittal 
split osteotomy is appropriate. If vertical correction is 
required, they recommended use of an intraoral or extraoral 
ramus osteotomy. However, they pointed out that other 
factors, such as facial scarring, ease of condylar segment 
manipulation, and available bone, also influence the approach 
selected.

Bilateral Treatment Bilateral condylar malunion usually 
results in an anterior open bite and class II jaw relationship. 
This is best treated in the same way as a developmental high-
angle class II anterior open bite, using standard orthognathic 
and, if necessary, orthodontic techniques. This approach 
effectively accepts the reduced ramus height and therefore a 
reduced posterior face height. The correction is achieved by 
adjusting the maxilla to accommodate this reduced posterior 
face height by carrying out a posterior maxillary impaction. 
This results in an increase in the occlusal plane angle, but this 

FIGURE 24-20  Bilateral condylar malunion. A, Obvious chinpoint 
asymmetry. B, Occlusal derangement with open bite. 
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FIGURE 24-21  Vertical  ramus  osteotomy  to  correct  posttraumatic  malocclusion.  A,  Preoperative 
malocclusion. B, Retromandibular incision marked. C, Vertical ramus osteotomy performed. D, Tempo-
rary intermaxillary fixation with occlusal wafer. E, Fixation of osteotomy. F, Wound closure. 
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FIGURE 24-22  Bilateral sagittal split osteotomy to correct postoperative malocclusion. A, Preopera-
tive  malocclusion  due  to  unilateral  condylar  fracture.  B,  Preoperative  cephalogram.  C,  Preoperative 
orthopantomogram (OPG). D, Postoperative occlusion after osteotomy. E, Postoperative posteroanterior 
cephalogram. F, Postoperative OPG. 

A
D

B E

C F
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traditional principles of trauma management, and subse-
quent correction may involve pedicle or free tissue transfer 
to replace hard and soft tissue. The recent development of 
osteogenic distraction in the craniofacial skeleton provides 
another option for replacement of bony deficits along with 
their closely associated soft tissues. Each case is different and 
must be planned and treated on its own merits, but Figure 
24-24 shows a case that illustrates many of the principles and 
problems involved.

TRAUMATIC TISSUE LOSS

Severe posttraumatic tissue loss is uncommon in civilian 
practice. It may occasionally be encountered after gunshot 
wounds, high-speed road traffic accidents, or industrial acci-
dents. Often, there is a combination of hard and soft tissue 
loss demanding a variety of primary and secondary recon-
structive techniques with multiple operations to restore lost 
form and function. Initial management usually follows the 

FIGURE 24-23  Bimaxillary osteotomy  to  treat anterior open bite and mandibular asymmetry after 
bilateral condylar fracture. See Figure 24-20 for  the preoperative clinical appearance. A and B, Pre-
operative  and  postoperative  lateral  cephalograms.  C  and  D,  Postoperative  facial  appearance  and 
occlusion. 

A B

C D
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A

C

B

D

FIGURE 24-24  Road  traffic  accident  resulted  in  severe  lower-third  facial  injury  involving  bilateral  mandibular  fracture,  severe  soft  tissue 
disruption, and  complete  traumatic glossectomy. A  and B, Appearance on presentation. C,  Tracheotomy, plating of  fracture,  and  soft  tissue 
repair; the defect in the floor of the mouth is dressed with Whitehead varnish pack. D, Orthopantomogram (OPG) shows mandibular fixation. 
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E

F

G

H

I

E, Radial forearm free flap to repair the floor of the mouth and the tongue defect. F and G, Avascular necrosis of 
right mandibular body  treated by removal of fixation, débridement, and application of external fixator. H, Mandibular defect after nonunion. 
I, Reconstruction with deep circumflex iliac artery (DCIA) free vascularized bone flap. 

FIGURE 24-24, cont’d 

Continued
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J

K

L

N

O

M

J, OPG shows mandibular reconstruction. K, Endosseous implants placed into DCIA bone graft. L, Lingual movement 
of lower incisors due to lip pressure after loss of tongue. M, Appearance after orthodontic treatment using implants as anchorage. N, Intraoral 
appearance of radial forearm flap. O, Facial appearance at commencement of orthodontic treatment.  

FIGURE 24-24, cont’d 
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HISTORY OF DISTRACTION

The first clinical application of bone distraction was described 
in 1905 by Codivilla, who performed a bone distraction of 
the lower leg.1 The distractor was fixed with plaster at the 
upper and lower leg, providing only minor stability, and 
severe soft tissue problems such as necrosis occurred. Various 
experimental studies followed regarding the rate and distance 
of distraction and the effects of the periosteum and soft tissue 
on the distraction process. In 1927, Rosenthal reported the 
first distraction of the mandible.2 He treated a patient with a 
mandibular retrognathism by bone distraction and fixation 
of the distractor along the teeth. In 1952, Anderson used 
cortical bone pins for the fixation of the distractor, as described 
by Coleman et al. in 1967.3 This was a milestone in the tech-
nique of bone distraction because it enabled rigid fixation of 
the bone fragments.

The real father of bone distraction was a Russian orthope-
dic surgeon named Ilizarov, who popularized the technique 
more than 30 years before it became recognized in the West. 
In the late 1980s, he published in the United States for the 
first time his research and clinical results on bone distraction, 
prompting a wave of developments in bone distraction tech-
niques worldwide.4

PRINCIPLE OF BONE DISTRACTION

The aim of bone distraction is to obtain new bone tissue and 
gain bone length by slow distraction of the callus. The basic 
principle of bone distraction is the process of bone fracture 
healing. Osteotomy can be performed by two methods. In the 
original method, as described by Ilizarov, a corticotomy is 
performed in which only the cortex of the bone is separated 
and the cancellus stays untouched. Another method, which 
is more often used in head and neck surgery, is to split the 
cortex and the cancellus of the bone to facilitate the process 
of distraction. With this technique, the forces needed to dis-
tract the bone are significantly lower, allowing use of smaller 
distractors that can be placed under the skin or the mucosa.

After the osteotomy and a latent period of 5 to 7 days, the 
bones on both sides of the osteotomy line are slowly pulled 
apart to stretch the fracture cleft and the newly formed 
callus.5,6 A latent period between the osteotomy and the start 

of the distraction process allows callus formation and soft 
tissue healing. Higher activity of the osteoblasts and blood 
vessel growth within the osteotomy line and the callus can be 
achieved.7 Various experimental and clinical studies have 
reported a latent period ranging from 0 to 14 days between 
the osteotomy and the start of the distraction, depending on 
the individual situation.7 In the field of head and neck surgery, 
an average waiting period of 5 to 7 days is advisable. However, 
patient age, bone size, and soft tissue coverage may influence 
the latent period.

Distraction must take place slowly to achieve new bone 
formation within the callus. An average distraction rate of 1 
to 1.5 mm/day provides the best clinical results.6 At a lower 
rate of 0.5 mm/day or less, early ossification takes place, 
whereas at a higher rate of 2 mm/day or more, no bone for-
mation occurs.8 Another important fact is the frequency of 
distraction. The ideal situation is a continuous distraction of 
callus,6 but because this is difficult, repeated distraction once 
or twice each day (1-1.5 mm/day total) seems to be useful.

Numerous experimental and clinical studies have investi-
gated the effects of bone distraction and the progress of bone 
formation during distraction. It has been shown that the gap 
between the distracted bone edges is first occupied by fibrous 
tissue.9 As distraction proceeds, the fibrous tissue becomes 
longitudinally oriented in the direction of distraction. Early 
bone formation starts from the cut bone edges and advances 
along the fibrous tissue. Bone is formed predominantly by 
intermembranous ossification.10,11 Histological observations 
showed a gradual change from an amorphous matrix to a 
fibrous matrix and then to an osseous-like tissue.10 Bone 
columns crystallize along longitudinally oriented collagen 
bundles, expanding circumferentially to surrounding 
bundles.11 While the distraction gap increases, the bone 
columns increase in length and diameter, whereas the fibrous 
interzone remains constant at a few millimeters.6 Clinical and 
animal experimental data have shown that distraction osteo-
genesis provides unlimited new bone formation that remod-
els at a daily rate ranging from 200 to 400 μm.8,11 Most of the 
experimental data were obtained from orthopedic studies, 
and only limited information about the indications for maxil-
lofacial surgery is available.

Various methods have been described for fixation of the 
distractor.12 The easiest method of fixation is to use bone pins 
that are placed in the bone near the osteotomy line and 
through the skin. The pins are fixed externally to 
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FIGURE 25-1  A 2-year-old boy with infection-induced hypoplasia 
(osteomyelitis) of the mandible and severe breathing problems before 
distraction of the mandible. 

the distractor, which can be slowly expanded. The external 
distractors are easy to fix and very stable, but most of them 
are rather bulky, and the transcutaneous pins can cause 
scars.11 These factors encouraged the development of smaller 
devices that can be placed intraorally. Today, minidistractors 
and microdistractors are currently used; they are small 
enough to be placed completely subcutaneously or under the 
mucosa. Only the screw for the activator of the distractor is 
visible.

Another distractor for the midface is the halo frame.13 The 
frame is fixed at the skull by screws and attached to the 
midface.

An important aspect of all distractors is their stability and 
stiffness. Experimental studies have shown that mobility 
during the process of distraction can cause micromovements, 
resulting in impaired bone formation.8 Distractor size is 
therefore limited by physical stability and rigidity.

After reaching the intended bone length, the distractor (or 
plate fixation) must stay in place for many weeks until min-
eralization and ossification of the newly formed callus has 
been completed and sufficient bone strength has been 
attained.14 The length of this period depends on individual 
factors such as the location of the osteotomy, the bone length 
gained, and the age of the patient.15,16 A retention period of 8 
to 12 weeks seems to be sufficient for the facial skeleton. Some 
surgeons remove the distractor and use plates to provide sta-
bilization for the consolidation period.

Timetable for Bone Distraction

Start of End of Distractor
Osteotomy distraction distraction removal

Latent

period

Distraction

process

1-1.5 mm/day

Consolidation period

(about 8-12 weeks)

0 7-14 days Plate

insertion

INDICATIONS AND TECHNIQUES  
FOR BONE DISTRACTION

Congenital malformations of the mandible originally were 
the most common indications for distraction. McCarthy et al. 
first described the use of a miniaturized distractor as an extra-
oral device to lengthen the malformed mandible.17 Soon, 
smaller distractors were developed that were placed com-
pletely intraorally to avoid scars and hide the distractors. 
Currently, distraction of the mandible can be classified as 
distraction of the horizontal mandible ramus, the vertical 
mandible ramus, the mandible symphysis, or the alveolus.

HORIZONTAL OR VERTICAL DISTRACTION OF 
THE RAMUS OR ANGLE OF THE MANDIBLE

Malformations of ramus growth horizontally or vertically are 
the most common indications for distraction in the field of 
head and neck surgery. In less severe orthognathic surgery 
cases, a unilateral or bilateral sagittal split can be performed, 

followed by bone distraction until the intended occlusion is 
reached.18,19 With osteotomies of the cortex alone, the risk of 
nerve injury is less likely. This approach also may have a role 
in cases of severe trauma.

Other indications include congenital, traumatic, or 
infection-induced hypoplasia of the mandible in young chil-
dren (Figs. 25-1 through 25-3) if functional orthopedics does 
not work and the airway is impaired. With distraction of the 
mandible, the space for soft tissues such as the tongue and 
the floor of the mouth increases, improving airflow.20 This 
application can avoid a permanent tracheotomy, and it can be 
used from the age of 6 months, when ossification of the man-
dible allows fixation of the distractor.

The part of the mandible that must be distracted depends 
on the location of the bone growth deficit.21 Because some 
distractors have only one vector of distraction, the bone must 
be advanced in one direction, and the position of the distrac-
tor is critical for the final clinical result. The placement of the 
distractor parallel to the occlusal plane results in horizontal 
mandibular advancement. If the distractor is placed at an 
angle to the occlusion plane, the results are mandibular 
advancement and a tendency for an open bite. A distractor 
set vertically in relation to the occlusion plane produces mal-
occlusion of the molars. The position and angle between the 
distractor and the occlusal plane must be determined care-
fully preoperatively by a cephalometric analysis or model 
surgery, or both. In some cases, bilateral osteotomy and dis-
traction may be necessary.



472 C HA P T E R 25 Facial Distraction Techniques

The soft tissue is closed so that the thread of the distractor is 
visible and can easily be reached by the patient. After a waiting 
period of about 5 to 7 days, distraction can be started at a rate 
of 0.5 mm twice daily until the intended mandible length is 
obtained.

The retention period lasts about 12 weeks before the dis-
tractor can be removed under local or general anesthesia. 
Some surgeons replace the distractor with plates to comple-
ment the consolidation period.

DISTRACTION OF THE MANDIBULAR 
SYMPHYSIS

In patients with a congenital or trauma-induced narrow man-
dible (e.g., after mandible fracture), surgical widening may be 
necessary (Figs. 25-4 through 25-6). Vertical osteotomy of the 
mandible between the incisors followed by horizontal distrac-
tion results in a significant increase in width. Because of the 
principle of distraction, the condyles are rotated, but this 
causes no permanent problems.

The operation is usually performed with the patient under 
general anesthesia. After local disinfection and injection of a 
vasoconstrictor, the mucosa is opened, and the mandible is 
exposed subperiosteally. The distractor is placed at the 
intended position and fixed temporarily with two monocorti-
cal screws. The osteotomy line is marked on the buccal side 
of the mandible using a drill. The distractor and the screws 
are removed, and the osteotomy is performed. The lingual 
side of the osteotomy is performed carefully to prevent expo-
sure of the lingual periosteum, which is important for the 
blood supply. The bone is mobilized, and the distractor is 
fixed using the holes drilled earlier and the remaining screws. 

FIGURE 25-2  Same patient as in Figure 25-1. Three months after 
distraction of  the mandible on both sides near the mandibular angle 
for  about  15 mm,  the  breathing  problems  had  disappeared 
completely. 

FIGURE 25-3  Same patient as in Figure 25-1. Intraoperative view 
at  the osteotomy  line and placement of  the distractor near  the man-
dibular angle on one side. 

FIGURE 25-4  A  40-year-old  patient  with  a  narrow  mandible 
before distraction. 

FIGURE 25-5  Same  patient  as  in  Figure  25-4.  One  week  after 
initiation of the distraction process, separation of the incisors becomes 
obvious. 
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FIGURE 25-6  Same  patient  as  in  Figure  25-4.  Radiograph 
obtained during distraction. 

FIGURE 25-7  A 25-year-old patient with traumatic loss of the upper 
incisors and a significant lack of vertical height of the alveolar ridge 
before therapy. 

FIGURE 25-8  Same patient as in Figure 25-7. Intraoperative view 
at the placement of the distractor for vertical distraction of the alveolar 
ridge. 

FIGURE 25-9  Same  patient  as  in  Figure  25-7.  Radiograph 
obtained during distraction. 

With the patient under general anesthesia, the vestibular 
mucosa between the canines is opened and the mandible is 
exposed. The distractor is temporarily placed using two 
monocortical screws. The upper arms of the distractor must 
be placed anterior to the teeth. Only the lower arms of the 
distractor are fixed at the bone with monocortical screws. The 
osteotomy line is marked with the use of a drill, and the dis-
tractor is removed. Thereafter, the mandible is separated 
between the two first incisors. The lingual periosteum is not 
exposed because the depth of the cut can be felt with the 
finger. After mobilization of the fragments, the distractor is 
fixed with the use of screws for the lower arms. The upper 
arms of the distractor are fixed at the teeth with wires or 
dental composite.

Dental anchorage of the upper arms of the distractor is 
important to avoid twisting of the segments; if both arms of 
the distractor are fixed at the bone, an uncontrolled rotation 
of both sides of the mandible may occur. The mucosa is 
closed, and the distraction can start at a rate of 0.5 mm twice 
daily after a waiting period of about 1 week. A retention 
period of 12 weeks for mineralization and ossification of the 
newly formed callus must be observed.

VERTICAL DISTRACTION OF THE  
ALVEOLAR RIDGE

Since the development of minidistractors and microdistrac-
tors, vertical distraction of the alveolar ridge of the mandible 
and maxilla has become very popular22 (Figs. 25-7 through 
25-16). There are many indications23 for this technique, which 
can be used in edentulous parts of the mandible after segmen-
tal resection in tumor surgery or after trauma instead of bone 
transplantation. Patients who lose their teeth as a result of 
periodontal disease and those with badly fitting dentures 
often suffer from reduced bone volume. In these cases, verti-
cal distraction of the alveolar ridge can improve the bone 
volume to enable placement of dental implants or to provide 
a prosthesis. A residual mandible height of at least 7 mm is 
necessary to enable horizontal splitting and rigid fixation of 
the distractor.

The osteotomy and placement of the distractor can be 
done with the patient under general anesthesia and mobiliza-
tion of smaller segments with local anesthesia. The mucosa is 
opened on the buccal side, and the alveolar ridge is exposed. 
The distractor is placed and fixed temporarily using two 
monocortical screws. The osteotomy line is marked with a 
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FIGURE 25-10  Same patient as in Figure 25-7. Clinical result of 
newly  gained  height  of  the  alveolar  ridge  after  vertical  distraction 
during the process of retention. 

FIGURE 25-11  Same patient as in Figure 25-7. Clinical result after 
insertion of dental implants and prosthetic rehabilitation. 

FIGURE 25-12  A 32-year-old man with traumatic loss of the lower 
front teeth. (Courtesy of the University Clinic, Freiburg, Germany).

FIGURE 25-13  Same  patient  as  in  Figure  25-12.  Intraoperative 
view during placement of the distractor (i.e., implant distractor). 

FIGURE 25-14  Same patient as in Figure 25-12. In this intraopera-
tive view, the bone segment is temporarily distracted for testing. 

FIGURE 25-15  Same patient as in Figure 25-12. After distraction 
and after the placement of three implants. 
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FIGURE 25-16  Same  patient  as  in  Figure  25-12.  Clinical  result 
after  distraction  and  prosthetic  rehabilitation  with  implantation  of 
single crowns. 

FIGURE 25-17  A  22-year-old  patient  with  a  narrow  maxillary 
arch. An intraoperative view shows that the maxillary suture is exposed 
and separated. 

drill, and the distractor is removed. The osteotomy is carried 
out with the use of a drill or a small saw, ensuring that the 
lingual mucosa and periosteum are not injured. After oste-
otomy, the segmented cranial part of the bone segment of the 
mandible is mobilized. Survival of this segment depends on 
preservation of the lingual mucoperiosteal flap. The distractor 
can then be attached by screws, and the bony segment is 
stabilized for 7 days. Distraction is performed at a rate 0.5 mm 
twice daily. Within 15 days, a vertical increase of 15 mm can 
be obtained. After the required bone height is reached, the 
thread of the distractor can be removed for the patient’s 
comfort. The distractor stays in place for another 10 to 12 
weeks. Four weeks after the end of the distraction process, 
there is mineralization of the new bone and reunion of the 
transported bone in the alveolar ridge. Mineralization studies 
suggest that insertion of dental implants is possible after 3 
months, at the time of removal of the distractor under local 
anesthesia.

In tooth-bearing areas of the mandible or maxilla, vertical 
distraction of the alveolar ridge can transport tooth-bearing 
segments. This approach may be indicated in patients with an 
open bite, in those who have vertical deficiencies of the alveo-
lar ridge caused by ankylosed teeth, or for orthopedic reasons. 
The principle of distraction is similar for edentulous regions 
of the alveolar ridge, and the procedure can be performed 
with the patient under local or general anesthesia.

A vestibular approach is used; the distractor is placed, and 
the osteotomy lines are marked. After removal of the distrac-
tor, the segment is osteotomized using a small saw or a  
Lindemann bur. Preservaton of the lingual mucoperiosteum 
ensures vitalization of the tooth-bearing segment and wound 
healing. The lingual cortex must be separated with the use of 
a small chisel. After mobilization of the tooth-bearing 
segment, the distractor is fixed and the wounds are closed. 
The schedule for distraction is the same as for edentulous 
segments. If necessary, the distractor can be removed after 4 
weeks. To prevent a relapse of the segment, a bracket stabili-
zation of the distracted segment to the neighboring teeth with 
an orthopedic wire is advisable for another 4 to 8 weeks. 
During distraction, the vitality of the mobilized teeth remains 
intact, and neighboring teeth are not damaged. There are few 

limitations to the size of the distracted segment. If necessary, 
several teeth can be distracted simultaneously within one 
segment.

BONE TRANSPORTATION DISTRACTION  
TECHNIQUE OF THE MANDIBLE

The technique of bone distraction of the mandible was first 
described by Ilizarov in 1988.3 In patients with a traumatic or 
operative defect of the continuity of the mandible, this hori-
zontal distraction technique can be used to regain bone 
contact. The principle of this technique is based on bone 
distraction, but due to technical problems, it remains 
experimental.24,25

With the patient under general anesthesia, both ends of 
the mandible near the continuity defect are exposed. A dis-
tractor is placed between the two ends, and a 1.5- to 2-cm-
wide section of the mandible is split off near the defect using 
a saw. This piece of bone is slowly moved from one end of the 
mandible defect to the other end until bone contact is 
obtained. Both ends of the mandible and the separated piece 
of mandibular bone must be fixed by a distractor that enables 
movement of this part. Movement of this separated segment 
of bone according to the principles of bone distraction with 
regard to waiting periods and distraction speed results in a 
gain of new mandible bone, and the defect can be closed by 
obtaining a new mandibular continuity. This technique also 
has been successful after radiotherapy of the mandible. It also 
transports good-quality mucosa attached to bone.

DISTRACTION OF THE MAXILLA ARCH

The principle of opening of the palatal suture by surgery fol-
lowed by orthopedic expansion of the maxilla was described 
in 1961 by Haas.26 Various surgical techniques have been 
described that focus on surgical weakening of the maxillary 
suture.27

The procedure should be performed with the patient 
under general anesthesia, but local anesthesia is possible. The 
maxillary suture is separated with a small chisel beginning at 
a small vestibular incision above the incisors (Fig. 25-17). 
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level, depending on the indications. The zygoma can be dis-
tracted separately.

For distraction at the Le Fort I level, an external distrac-
tion device (i.e., halo frame) or an internal distractor can  
be used28,29 (Fig. 25-21). A conventional Le Fort I osteotomy 
is performed with the patient under general anesthesia  
using a vestibular approach. After the osteotomy, the  
maxilla is distracted by a dental-anchored device that is  
fixed to the skull by means of the halo frame; alternatively, 
two internal distractors are placed at both sides of the sinus 
walls (see Fig. 25-21). With the use of internal distractors, 
determination of the distraction vector is more difficult, and 
it cannot be altered after the operation. With a halo frame, 
the direction and the vector of distraction can be altered 
during the process of distraction to obtain a perfect occlu-
sion. An average distraction speed of 1 to 2 mm/day is 
advisable.

After completion of the distraction process, a retention 
period of about 8 weeks must be observed, after which the 
distractors (external or internal) can be removed with the use 
of local anesthesia. However, in patients with clefts, longer 
stabilization is needed. This period is followed by treatment 
with an orthodontic device that maintains the occlusion for 
another 2 months.

For the Le Fort II and III levels, external distraction  
using the halo frame seems to be the most effective modal-
ity28,29 (Figs. 25-22 and 25-23). Internal distractors for the 
LeFort III level distraction also are available (Fig. 25-24). 
Osteotomy of the midface is carried out with the patient 
under general anesthesia using a bicoronal approach and 
standardized operation techniques. After osteotomy and 
mobilization of the midface within the Le Fort II or III level, 
two wires are fixed at the anterior nasal aperture toward the 
center of the midface. The wires can also be fixed at the teeth 
by means of a dental splint. The wires are directed through 
the skin by a small incision or directed through the oral 
opening and fixed to the halo frame, which is located in front 
of the face.

After a waiting period of about 5 days, distraction starts 
by pulling the wires at a rate of 1 to 2 mm/day. During the 
process of distraction, the direction of advancement and the 

Weakening of the zygomatic buttress by use of a drill or a saw 
is advisable (Fig. 25-18). The pterygoid process usually does 
not have to be fractured, and a complete Le Fort I osteotomy 
is unnecessary. For expansion of the suture, a bone-anchored 
distraction device is fixed with miniscrews (Fig. 25-19). The 
distraction rate is 0.5 mm twice daily (Fig. 25-20). Retention 
of about 10 weeks is needed to prevent a relapse. Orthopedic 
treatment can be continued 4 weeks later (see Fig. 25-19).

DISTRACTION OF THE MIDFACE

The main reasons for distraction of the midface are congeni-
tal growth disorders, but indications also include posttrau-
matic situations with insufficient primary osteosynthesis or 
wrong bone or midface placement. Midface distraction is 
undertaken for cosmetic motives and for functional reasons 
such as restricted airflow, malocclusion, and visual 
problems.

Distraction of the midface can be classified by the lines of 
osteotomy and can be performed at the Le Fort I, II, or III 

FIGURE 25-18  Same  patient  as  in  Figure  25-17.  Intraoperative 
view of  the crista zygomaticus. The crista  is exposed and separated 
for distraction of the maxillary arch. 

FIGURE 25-19  Same  patient  as  in  Figure  25-17.  Clinical  result 
after separation of  the suture with the distraction device in place but 
before the start of the distraction. 

FIGURE 25-20  Same  patient  as  in  Figure  25-17.  Clinical  result 
after distraction of the maxillary arch. The incisors are separated. 
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PREOPERATIVE PLANNING

Each distraction treatment requires careful preoperative 
planning. In addition to clinical examination, two-dimensional 
radiography is required. If feasible, computed tomography 
(CT) with three-dimensional reconstruction offers the best 
option for successful planning and distraction treatment. The 
osteotomy lines and placement of the distractor can be 
planned and simulated. Software programs enable the surgeon 
to plan and simulate the movement of the bone under distrac-
tion. The location of the osteotomy lines and the direction of 
distractor placement determine the direction of the distrac-
tion vector and bone movement. With the exception of the 
halo frame, the direction of distraction cannot be changed 
after placement of the distractor and completion of the opera-
tion. Care must be taken to avoid compound fractures, nerve 
damage, and ischemic necrosis. Vertical distraction of the 
mandible must take into account the placement of implants 
into the new bone.

In some cases, such as distraction of the hypoplastic man-
dible in younger children, the placement of the distractor is 

distraction vector can be adjusted according to the intended 
position of the midface and dental occlusion.

For distraction at the Le Fort III level, subcutaneous dis-
tractors fixed at the zygoma do not offer the possibility of 
changing the direction of advancement and the distraction 
vector30,31 (see Fig. 25-24). General anesthesia must be used 
for removal of these distractors.

By following the rules of distraction, a midface advance-
ment of up to 3 cm can be obtained if necessary. After  
achieving the final position of the midface, a retention period 
of 8 weeks must be observed, after which the halo frame can 
be removed with the patient under local anesthesia. This 
operation is followed by treatment with an orthopedic device 
that maintains the obtained occlusion for another 2 to 3 
months.

DISTRACTION OF THE SKULL SUTURES

Techniques have been described for distraction of the skull 
sutures,32,33 but they are mainly experimental and are seldom 
used in clinical practice. Currently, surgical widening remains 
the technique of choice.

FIGURE 25-21  A, A 28-year-old patient with trauma-induced posterior position of the maxilla during 
the process  of  distraction on  the  Le  Fort  I  level.  The  halo  frame  is  fixed  to  the  skull,  and  the dental-
anchored device is attached to  the maxillary  teeth. B, Front view of  the internal distractor  for LeFort  I 
distraction. C, Lateral view of the internal distractor for LeFort I distraction. 

A

B

C
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difficult because of small size and reduced space. It may be 
useful to manufacture a lithography model based on the CT 
data, followed by a simulated operation on the model and 
experimental placement of the distractor. With this tech-
nique, placement of the distractor can be planned, and the 
distraction procedure and the clinical result after the distrac-
tion can be simulated.

An important aspect in planning the procedure is the loca-
tion of the distractor’s thread. It must be placed so that it does 
not harm the soft tissues, and it must be easily reached by the 
patient, who has to activate it once or twice every day.

COMPLICATIONS

One of the most frequent mistakes is incorrect placement of 
the distractor and an incorrect distraction vector. Only when 
the halo frame is used can the distraction vector be altered 
during the process of distraction. If an error becomes obvious, 
the complication can be managed by applying the floating 
bone principle. The distractor must be removed as soon as 
the complete distance of distraction is reached. At this stage, 
the callus is still soft and malleable because the process of 

FIGURE 25-22  A  48-year-old  man  with  trauma-induced  “dish 
face.” 

FIGURE 25-23  Clinical  result after distraction of  the midface on 
the Le Fort III level using a halo frame. 

FIGURE 25-24  Principle of distraction at  the Le Fort  III  level with 
the use of subcutaneously implanted distractors on both sides. 
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mineralization and ossification is not complete. The direction 
of the newly formed bone can easily be corrected. For intra-
oral devices, special orthognathic components such as plates 
or activators can be used. For extraoral devices, the forces of 
the soft tissue often may be responsible for a partial relapse 
or reshaping of the new bone.

Soft tissue problems include exposure of the new bone or 
the distractor. In cases with intraorally placed distractors, this 
is not a problem. The process of distraction usually can be 
continued, and the soft tissue will heal.

Fractures of the distractor or the distractor thread seldom 
occur and mainly indicate an inadequate osteotomy, wrong 
selection of distractor, or very strong soft tissue forces. In 
these cases, only an exchange of distractor can help.

A lack of ossification occurs if the distraction process is 
performed too fast. If the distraction speed of 1.5 mm/day is 
exceeded, the gap between the bone ends will be remodeled 
by fibrous tissue, not by newly formed bone. Sometimes, 
callus compression can be tried, but usually surgical removal 
of the soft tissue and a new, slower redistraction must be 
performed.

A relapse of the newly formed bone to the preoperative 
position can occur after midface distraction and premature 
removal of the distractor. Frequent clinical examinations 
must be performed after removal of the midface distractor, 
and the clinical results must be checked carefully. Therapeuti-
cally, orthognathic devices such as the Delaire mask must be 
used, or the distractor must be replaced.
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The nose is the most frequently traumatized structure 
on the face due to its prominent central location and 
its elevation from the relatively flat frontal facial plane. 

The composite osteocartilaginous structure and its complex 
interconnections make the nose easily deformed when 
exposed to blunt trauma. Primary treatment of traumatic 
nasal deformities is presented in Chapter 13. Secondary nasal 
reconstruction is not rare because of the high incidence of 
persistent deformities after primary treatment. Some authors 
have reported a very high failure rate, up to 80%,1 mainly due 
to failure to correct the septum, not just in the immediate 
postoperative period but over a longer time.

There are numerous reasons for the high incidence of sec-
ondary deformities of the nose after trauma. These include 
inadequate initial treatment due to a failure to appreciate the 
deranged anatomy, unstable bony and cartilaginous anatomy 
due to fracture lines and dislocations, insufficient postopera-
tive stabilization, delayed presentation for treatment, and 
recurrent trauma in the early postoperative period. Regard-
less of the reason, patients need to be informed of the poten-
tial need for secondary rhinoplastic surgery after any nasal 
injury.2

Secondary nasal deformities are associated with a variety 
of cosmetic and functional issues. Typically, the nose is devi-
ated or depressed or both. Nasal breathing is often impaired, 
usually by being unilateral on the side of the deviation. Surgi-
cal correction of such nasal deformities can present some of 
the most difficult challenges in rhinoplasty. This chapter dis-
cusses the various deformities that may be found and some 
common techniques for their correction.

ANATOMICAL DEFORMITIES AND EVALUATION

The effects of trauma to the nose and central face have been 
well described.2,3 With initial low-velocity trauma, the nasal 
tip alone can become malpositioned. Typically, the lower 
portion of the fracture rotates inward and the upper portion 
is pushed upward and outward. This action causes a supratip 
depression with a small, more cephalic hump (Fig. 26-1). 
With increasing force, the cartilaginous and bony dorsum 
becomes fractured. Often, however, there is an incomplete 
fracture, which leads to a late deviation. This is frequently 
confused with a dislocation of the septum from the groove in 
the palatal shelf.

CLINICAL EXAMINATION

With experience and careful examination, it is possible to 
evaluate the external deformity and understand the underly-
ing structural deformity. However, it is important to have a 
logical approach to the clinical examination of the nose. The 
variables are

• symmetry
• depression of the nasal dorsum
• tip deformity
• nasal skin scars
• condition of the internal septal and inferior turbinate

SYMMETRY

Asymmetry of the face is very common, and examination of 
the nose for asymmetry must be undertaken in context with 
the whole face. Pre-injury photographs are important to 
exclude long-standing asymmetry. Nasal symmetry is best 
assessed by looking from above the patient, with the head 
tilted back. This allows the nasal form to be examined afresh, 
with the eyebrows and chin point as reference points. Once 
these key landmarks have been evaluated, the cupid’s bow of 
the upper lip can be brought into the visual field by further 
tilting and related to the nasal tip. In many cases, the sym-
metry varies along the length of the nose, and this should be 
noted. Deviation of the upper third of the nose most likely 
reflects nasal bone deformation, deviation in the lower two 
thirds reflects the symmetry of the septum. This should give 
a clear understanding about the extent and position of any 
asymmetry. The columella should be examined from below 
to confirm any tip deviation and symmetry of the nares and 
domes. Finally, the nasal spine should be palpated. Traumatic 
displacement of the nasal spine can make true central align-
ment of the nose impossible.

DEPRESSION OF THE NASAL DORSUM

To appreciate the position of the nasal bridge or dorsum, both 
lateral and anterior views must be evaluated. Laterally, the 
nose should come off the nasion and frontal bone at an angle 
of about 135 degrees. This line should continue until the 
slight rise at the nasal tip, to give the characteristic tip break. 
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pulling the soft tissue on the lateral nose laterally and the 
effect of vasoconstrictors, which reduce posttraumatic edema, 
may help to identify and focus on the cause of any obstruc-
tion. Specifically, any collapse of the middle vault should be 
noted.

Observation of the internal nose aims to identify:

• Deviated septum
• Resolving septal hematomas
• Mucosal hyperemia and/or edema
• Inferior turbinate hyperplasia
• Displacement of lateral nasal bones
• Evidence of nasal valve trauma

Septal hematomas are common with nasal trauma, because 
the nose is distorted on impact and the palatal shelf is a solid, 
fixed point. In children, a missed septal hematoma leads to a 
late delayed deviation and impaired symmetry of growth in 
addition to the distortion caused by the organizing 
hematoma.

Septal fracture and dislocation may accompany hemato-
mas. Initially, the dorsum may be merely deflected to one 
side, but with increased force comes a more retro-displacement 
of both cartilage and bone (Fig. 26-2). The septum is central 
to correcting the symmetry and prominence of the nasal 
bridge. Guyuron et al. described six typical variations of 
septal position observed in more than 1000 revision proce-
dures4; 40% had a simple tilt of the septum, which probably 
indicates no fracture. Other common presentations included 
a C-shaped deformity, either horizontally or vertically, and an 
S-shaped deformity, usually horizontally. These more exten-
sive deformities reflect severe distortion with likely fracture 
or partial fracturing of the septum. It is the healing of these 
fractures that generates tensions leading to late deformation 
of the septum, which is reflected in a distorted nose.

The columella should make an angle with the upper lip of 90 
to 110 degrees. From these normal values, an appreciation of 
the defect should be possible, allowing appropriate planning, 
such as how much nasal augmentation is needed.

In the anterior or full face examination, any broadening of 
the nasal bridge or the alar base should be evaluated. The alar 
width should fall on a vertical line from the inner canthi. In 
trauma cases, it is important to be sure the injury did not 
extend into the nasoethmoid complex, as this can produce a 
traumatic telecanthus. The normal width in a Caucasian adult 
is about 34 mm.

Any pseudoelevation of the tip, caused by a saddle defor-
mity, should be distinguished from a true traumatic elevation 
caused by upward displacement of the nasal spine (which is 
rare).

NASAL SKIN SCARS

Any lacerations or abrasions should be carefully noted, 
because they must not be confused with planned surgical 
incisions (e.g., for an open rhinoplasty). If any scars by chance 
are in the correct position they should be used. Any scarred 
areas may represent a potential weakness and could reopen 
at secondary surgery, especially early after trauma. There may 
also be an opportunity to revise any scar.

INTERNAL EXAMINATION

The internal examination is probably the most important  
part of the examination. For it to be useful, one needs a  
good head light and a speculum of appropriate length to 
examine the whole nose or a fiberoptic endoscope. The clini-
cal examination should first test function (i.e., the nasal 
airway), ideally obtaining and documenting the ease of nasal 
airflow. The effect of opening the internal nasal airway by 

FIGURE 26-1  Secondary nasal deformity from old fracture with depression of  the end of  the right 
nasal bone and middle  vault  displacement. A,  Frontal  view. B,  Right  lateral  view. C, Diagrammatic 
representation of fracture pattern. 

A B

C
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FIGURE 26-2  Secondary nasal deformity with more significant impaction of nasal bones, shortening 
of the septum, and superior tip rotation. A, Frontal view. B, Lateral view. 

A B

FIGURE 26-3  Secondary deformity showing naso-orbitoethmoid (NOE)  fracture pattern with nasal 
impaction  and  telecanthus.  A,  Frontal  view.  B,  Submental  view.  C,  Diagrammatic  representation  of 
fracture pattern. 

A

C

B

Initial fracture of the nasal bones may extend to  
involve the nasal process of the frontal bone, the nasal  
process of the maxilla, the lacrimal bone, and the lamina 
papyracea. With larger blunt forces that occur directly  
over the bridge of the nose or from an inferior direction, 
naso-orbitoethmoid (NOE) fractures occur with telecanthus. 
This results in a flat, wide nasal dorsum with decreased  
nasal length, decreased nasal projection and support,  
and columellar retraction (Fig. 26-3). NOE fractures are 
frequently part of more extended midfacial fractures.  
An understanding of these common fracture patterns aids  
in the assessment of the secondarily deformed nose, but  
the need for a thorough preoperative evaluation is not 
obviated.

In contrast to cases of primary esthetic rhinoplasty, those 
involving a deformed traumatized nose more often are associ-
ated with some degree of nasal obstruction, reflecting damage 
to the septum or, less commonly, damage to the intranasal 

valve. This is more commonly seen in cases involving lacera-
tions or penetrating injuries. Its correction requires identifi-
cation of both fixed and dynamic components of the 
obstruction. A thorough examination of the nasal passages 
must be performed before and after the topical application of 
a vasoconstrictive agent. The shrinkage of the mucosa aids in 
identifying surgically reversible causes of nasal obstruction. 
With a nasal speculum, the position of the septum, size of the 
turbinates, and internal and external valves should be 
assessed.3 The fractured septum is often displaced off the 
maxillary crest to one side or telescoped on itself. Nasal valve 
obstruction is frequently found with either upper lateral car-
tilage displacement medially or collapse. This may be con-
firmed by performing the Cottle maneuver, which should 
improve with lateral displacement of the cheek on the 
obstructed side. Enlarged turbinates, especially with lateral 
wall displacement medially, can also contribute to further 
nasal obstruction.
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ESTHETICS

A trauma patient seeking revision is no different from a 
patient seeking a cosmetic rhinoplasty. Clearly, some trauma 
patients fit into the “warrior class” and have little regard for 
appearance or social behavior, but they are unlikely to seek 
revision surgery. Some patients who have been injured in a 
domestic dispute may be more demanding than a patient 
seeking a cosmetic rhinoplasty, because their deformity 
carries much more emotional impact, such as anger associ-
ated with the injury.

As with any cosmetic aspect, the patient’s wishes not only 
guide the surgical process but can inform the surgeon about 
the patient’s psychological makeup (see Chapter 30). Trauma 
patients are just as likely to be dysmorphic as any other group. 
The two important warning signs are vague, nonspecific com-
ments about appearance and concerns about appearance that 
seem inappropriate to the clinical findings.

It is also important to determine just how the nose looked 
before the injury and exactly how the fractured nose com-
pares. Old pictures may be beneficial in determining which 
deformities have always been present and which are second-
ary to the nasal trauma.

INVESTIGATIONS

After a history and thorough examination, radiographic 
assessment is often helpful to exclude other facial fractures 
and to aid in planning any bony surgery. However, plain 
radiographs are even less useful than they are in primary 
nasal fracture repair (Fig. 26-4A,B). They simply do not 
provide an anatomic assessment of the internal nasal airway, 
which is often the ambiguous issue. Computed tomographic 
(CT) scans are the most helpful in this regard, and their  
axial and coronal slices provide the most complete view  
of the internal nasal airway (see Fig. 26-4C,D). They are 
not particularly helpful for evaluation of external nasal 
morphology.

Some controversy exists, because it is often believed that a 
thorough intranasal examination makes CT scanning super-
fluous. In certain cases, this is probably true, but the trauma-
tized nose superimposes variable anatomical derangements 
on top of the patient’s native nose, which may or may not have 
been normal before the injury. If the intranasal examination 
is not clear, a paranasal CT scan is warranted. In rare cases, 
usually those involving untreated or undertreated NOE frac-
ture patterns, a three-dimensional CT reconstruction may be 
useful to assess surrounding facial skeletal morphology as 
well the fracture (see Fig. 26-4E); however, because of the 
thin, fine bones in this area, the computer reconstruction may 
create artifacts.

SUMMARY OF PREOPERATIVE EXAMINATION

The aspects of the preoperative examination are as follows:

• Identifying the patient’s concerns
• Careful external examination of the nose and face for  

symmetry and deformity, both lateral and full face; 

examination of the whole face and nose from above is the 
most reliable method of determining symmetry of the face 
and nose

• Careful internal examination with speculum and 
endoscope

• Airway examination
• Radiological examination in some cases

COMMON TRAUMATIC NASAL DEFORMITIES

Whereas traumatic nasal rearrangement can produce a wide 
variation of deformities, a pattern of nasal dysmorphologies 
can be identified. These include the expected alterations that 
can occur with any projected tripod structure: loss of height, 
deviation, and asymmetries. Most traumatized noses have all 
of these components, and the anatomical contribution of each 
component must be understood if an ideal correction is to be 
achieved.

SADDLE NOSE

A saddle nose deformity leaves the patient with a lack of 
structure (of bone, cartilage, or both) in the nasal dorsum.1,2 
This defect leads to a scooped-out appearance from the lateral 
view and an appearance of a flattened nasal bridge from the 
frontal view. An illusion of tip rotation accompanies the 
depression; in some cases in which significant middle vault 
collapse has occurred, this rotation may be real. Also, there 
is an apparent widening of the nasal vault on frontal view 
without displacement of the nasal bones or cartilage. Loss of 
height and lack of a light reflex lead to this illusion.

SHORT NOSE

The short nose deformity is characterized by a decreased 
distance from the nasion to the tip defining point, a low ratio 
of tip projection to nasal length, and a more obtuse than 
normal nasolabial angle.1 Overall the nose appears overro-
tated and deprojected. This nasal deformity can have many 
causes, including weakening of the lower lateral cartilages, 
shortening of the septum, and destabilization or detachment 
of the upper lateral cartilages from the nasal bones. This is 
the characteristic appearance of a depressed nasoethmoid 
fracture, which should be excluded. In well-pneumatized 
frontal sinuses, a minimal injury is needed to depress the 
whole complex.

NASAL DEVIATION

Blunt trauma from a lateral direction can cause the nasal 
dorsum or tip to become deviated. A portion or all of the nose 
is deviated off a straight line drawn from the glabella down 
through the central aspect of the cupid’s bow. This is most 
often caused by displacement of one or both nasal bones, but 
the injury may extend down through the structures of the 
middle vault as well. Illusions of deviation of the nose may 
also be seen with collapse of an ipsilateral upper lateral car-
tilage and bone, leading to shadowing along one side.

There is no doubt that deviation of or damage to the car-
tilaginous septum is extremely important as a cause of nasal 
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FIGURE 26-4  Plain radiographic assessment of secondary nasal deformities is even less useful than 
that of primary nasal fractures. A, Submental view of an old nasal fracture in a patient who presented 
with a secondary depressed nasal deformity. B, Lateral view. The bony pattern of an old nasal fracture 
can be appreciated in these plain radiographs, but they do not add to what a good physical examina-
tion would  show. Computed  tomographic  (CT)  scans are more  useful,  particularly  axial  and  coronal 
paranasal  views,  and  occasionally  a  three-dimensional  (3-D)  reconstruction  can  be  appreciated.  
C, Coronal view in an older teenager with severe nasal depression and airway obstruction after primary 
treatment of a naso-orbitoethmoid (NOE) injury. D, Axial CT view. E, 3-D reconstruction. The internal 
nasal derangement as well as the surrounding facial bone treatments can be visualized. 
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APPROACHES

The choice of an open versus a closed approach depends on 
the surgeon and the defect. It is reasonable to use the open 
approach for all secondary rhinoplasties unless the surgeon 
has complete confidence in both the diagnosis of the nasal 
deformities and his or her ability to correct them through the 
more limited exposure of the closed approach. Usually, an 
endonasal approach in secondary surgery requires either a 
more limited nasal problem or an extensive experience in 
rhinoplastic surgery on the part of the surgeon. Nevertheless, 
many secondary nasal deformities can be adequately treated 
through a closed approach involving the use of traditional 
marginal and intercartilaginous incisions, as has been well 
described in the past (Fig. 26-5). In cases requiring more 
extensive correction, which almost always involves the place-
ment of cartilage grafts, the open approach provides superior 
visualization of the nasal structures and better facilitates graft 
placement onto the upper and middle vaults as well as the 
nasal tip (see Fig. 26-5).

SURGICAL TECHNIQUES

Grafting of the Nasal Dorsum
Nasal dorsal grafting is a common technique used for repair 
of the saddle nose deformity. Which material is best for aug-
mentation in this area has been a source of great controversy 
over the years. The materials available for nasal augmentation 
are similar to those used elsewhere in the face and can  
be divided into autografts, homografts, and alloplastic 
biomaterials.

Both bone and cartilage autograft materials may be appro-
priate, offering the advantage of incorporation into the recipi-
ent site and a lack of any risk of rejection. They do have to be 
harvested, which takes time and, in certain donor sites, carries 
some limited morbidity. Many surgeons make the choice of 
bone versus cartilage based on the amount of augmentation 
needed. For small to moderate-sized dorsal grafts, cartilage is 
usually chosen because it is fairly easy to harvest and shape. 

deviation. Its importance is as much about the difficulty in 
correcting the damage as it is about making the diagnosis.

It has long been recognized a resolving hematoma on the 
septum in a child produces deviation that deteriorates as the 
nose grows. The resultant deviation and nasal obstruction are 
extremely significant. However, diagnosis and drainage of the 
hematoma largely prevents the problem.

In adults, the problem is controversial not because of the 
well-recognized effects of a deviated septum but because of 
the etiology. At one time, it was suggested that nasal deviation 
was entirely due to displacement of the septum from the 
palatal groove or from its position between the crura anteri-
orly. It has now been shown experimentally and clinically that 
the deviation develops from small linear fractures of the car-
tilage just superior to the palatal groove. This healing fracture 
then produces the deviation. Localized submucous resections 
are advocated acutely to prevent long-term deviations.

Because the nasal bones are so frequently fractured (being 
the most common type of nasal fracture), bridge and sidewall 
deformities are common. Because of the fractures, the loca-
tion of the nasal bones is asymmetrical, possibly because of 
their attachments to the maxilla and orbit up to the apex of 
the dorsum.

COLUMELLAR RETRACTION

The normal distance from the nasal ala to the base of the 
columella is 2 mm on lateral view. With nasal trauma, the 
amount of columellar show can change depending on  
the direction of the displacing force and the nasal structures 
disrupted. It can be decreased or become nonexistent due to 
retro-displacement of the caudal septum that pulls the colu-
mellar skin posteriorly. This usually occurs from a direct blow 
impacting the base of the nose. With upper and middle vault 
collapse, the tip may rotate superiorly, which can result in 
increased columellar show.

STATE-OF-THE-ART MANAGEMENT

TIMING

The timing of a secondary corrective rhinoplasty is not criti-
cal in most patients. The deformities encountered, although 
distressing to the patient and often restrictive of some nasal 
airflow, are not life-threatening, and good healing of the nasal 
structures should have occurred before manipulation is 
attempted. For some patients, timing is not an issue because 
their injury had occurred months to years previously and the 
present surgeon was not involved in the management of the 
original problem.

If the secondary deformity is an extension of the original 
treatment or the patient is presenting late (months) after a 
primary nasal injury, the decision as to when to operate can 
be more difficult. Ideally, nasal mucosal swelling and inflam-
mation should have resolved and the deformities of the osteo-
cartilaginous structures should have become completely 
apparent with resolution of the cutaneous edema. The surgi-
cal axiom of waiting 6 to 12 months after the injury is often 
quoted, but operating earlier may be indicated based on the 
patient’s desires, a full appreciation of the aberrant anatomy, 
and the type of surgical approach.

FIGURE 26-5  Diagrammatic  representation  of  incisional  options 
in  nasal  approaches:  1,  intercartilaginous;  2,  complete  transfixion;  
3, infracartilaginous (marginal rim); 4, transcolumellar. 

Intercartilaginous
Transfixion-Complete
Infracartilaginous
Transcolumellar
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The most common donor sites are the underlying septum, 
ear, and rib.

Septal cartilage has the advantage of being in the same 
operative field and can offer a large amount of graft material, 
because only a centimeter of dorsal and caudal cartilage must 
be retained for adequate dorsal support in a traditional septal 
harvest (Fig. 26-6). With a previous nasal injury, however, 
this cartilage is usually less than optimal, and straight pieces 
of sufficient length may not be harvestable due to previous 
fractures and potential shortening of vertical septal height. 
This cartilage, when relatively undamaged, is easy to sculpt, 
often matches the deficient structure, and is usually the first 
choice of most surgeons.5 With increasing graft thickness, 
septal cartilage must be stacked and sutured together, which 
requires some skillful crafting. In the thin-skinned patient, 
this may result in some palpable edges.

Auricular cartilage is also in the same operative field, and 
harvest of the concha through a postauricular incision is 
rapid and causes little morbidity. The curved shape of this 
cartilage may or may not be beneficial depending on the 
defect. With smaller dorsal defects for which a long length is 
not required, conchal cartilage may be adequate (Fig. 26-7). 
For nasal tip work, its inherent curved shape is often useful. 
For long, straight-line grafts of the dorsum, conchal cartilage 
is problematic in both shape and length.

Costal cartilage offers the advantage of a large amount of 
donor tissue, but it has some inherent drawbacks that may be 
difficult to overcome. Of all the cartilage donor sites, rib is 
the most likely to warp or curl. This is because the eighth and 
ninth rib harvest sites are curved and cannot provide a long, 
straight graft. Bending the graft by scoring the perichon-
drium or removing it completely may make it straight intra-
operatively, but postoperative memory or recoil often occurs. 

FIGURE 26-6  When  the  septum  is  relatively  undamaged,  septal 
harvest can provide a large amount of graft tissue. A, It is very impor-
tant to maintain enough dorsal and caudal septum to ensure external 
support of the dorsal line, tip, and columella. B, The lined area indi-
cates the maximum amount of septum that should be harvested. 

A

B

FIGURE 26-7  Dorsal  reconstruction with a combination of conchal cartilage and acellular human 
dermis  (Alloderm)  in  a  depression  of  the  upper  and  middle  vaults.  A,  Preoperative  appearance. 
B, Appearance 6 months after operation. 

A B
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Supramid (polyamide), Mersilene mesh (polyethylene tere-
phthalate), and Gore-Tex (polytetrafluoroethylene). Allo-
plasts offer the advantage of an unlimited supply and the 
avoidance of any donor site morbidity. Silicone rubber has 
been associated with an unreasonably high extrusion rate and 
is not widely used today. Although Supramid and Mersilene 
mesh have been reasonably well tolerated in the nasal dorsum, 
they have both been found to have a significant resorption 
rate over time, and the occurrence of infection poses a poten-
tially difficult problem. Gore-Tex is by the far the most com-
monly used alloplast placed in the nasal dorsum today (Fig. 
26-11). There is considerable controversy about its use, with 
strong voices on both sides of the issue.7,8 Its ease of use and 
effectiveness in dorsal augmentation are undeniable, but the 
presence of an alloplast under only a cutaneous cover brings 
up long-term concerns about infection, thinning of the nasal 
skin, and potential extrusion.

In most cases, alloplasts are chosen because of their avail-
ability off the shelf and their favorable handling properties, 
but lack of autogenous donor tissue is not a legitimate reason, 
given the many potential sites for harvest of fascia, cartilage, 
and bone in any individual. No patient lacks adequate autog-
enous tissue, only the surgeon’s desire and experience to 
harvest it. The introduction of processed dermal grafts has 

FIGURE 26-8  Augmentation  of  the  nasal  dorsum  with  a  cranial 
bone  graft  placed  deep  to  the  cartilage  domes,  lag  screw  fixation, 
and cartilage grafts to the columella and tip. 

Some surgeons have attempted to overcome this tendency by 
placing a K-wire through the center of the graft before dorsal 
placement, and this appears to be effective.

Besides warping, the other concern with all types of car-
tilage grafts is resorption. Most cartilage grafts do undergo 
some resorption with an unpredictable change in graft 
volume. Whether this is significant for the dorsal profile 
depends on the size of the graft, its source, and the amount 
of augmentation needed. One technique that I have found 
particularly useful for nasal rib cartilage is that of dicing. It 
virtually eliminates all of the problems of the solid one-piece 
rib graft. Placed inside a fascial sleeve, it is moldable, does not 
warp, and is associated with little to no resorption. Its only 
downside is the time required to put together the fascial-
cartilage ensemble.

Another collagen-based nasal augmentation option is that 
of dermal grafting. Processed human dermis, which comes in 
a variety of sizes and thicknesses, is almost ideal for augmen-
tation of only 1 or 2 mm. It is soft, has no sharp edges, and 
does not undergo resorption. If greater thickness is needed, 
stacking and suturing several layers can be done to get dorsal 
augmentations of up to 3 or 4 mm.

Autogenous bone grafts provide greater support and aug-
mentation, which may be required in larger defects. The most 
common donor sites are rib, iliac crest, and calvaria. The 
advantages of calvarial bone include being close to the opera-
tive field and greater maintenance of volume over time. Ade-
quate length and size as a single piece can usually be obtained 
from the occipital area or anywhere along a hemicoronal or 
scalp incision in the hair-bearing scalp.6 The outer cortex is 
taken, and reconstruction of the resultant defect is not usually 
necessary, because the defect is minimal. Some skill and expe-
rience are required in harvesting the graft to avoid the poten-
tial for inner cortex disruption and dural violation. Grafts are 
never harvested across suture lines because of the attachment 
of the underlying dura, and in particular they are never taken 
across the midline of the skull because of the presence of the 
underlying sagittal venous sinus. Sculpting of the graft 
requires a powered bur and irrigation to obtain a desirable, 
boat-like shape for dorsal augmentation. Many cranial bone 
grafts, because of their size and length, benefit from some 
form of fixation. When the graft is placed through an open 
approach, securing of the distal graft end to the upper or 
lower alar cartilages may be adequate (Fig. 26-8). Screw fixa-
tion to the frontonasal junction is most easily done through 
a coronal incision and is most commonly performed in 
reconstruction of more severely impacted or NOE-type inju-
ries (Figs. 26-9 and 26-10). The main drawbacks of autoge-
nous bone are the time required for harvest and sculpting, 
the need for fixation of some grafts, and potential donor site 
morbidity, including a scalp scar.

Homograft cartilage or bone can also be used for dorsal 
augmentation. Use of banked cartilage and bone is limited by 
concerns about processing and potential disease transmission 
as well as the numerous available autogenous options. Improv-
ing methods of allogeneic tissue processing promise that this 
option may some day rival autogenous grafts. Irradiated car-
tilage is also available; it provides a sterile and nonantigenic 
source of homograft cartilage, but the resorption potential  
is high.1

A variety of alloplastic materials have been used over the 
years to augment the nasal dorsum, including silicone rubber, 



488 C HA P T E R 26 Secondary Rhinoplasty for Traumatic Nasal Deformities 

A

DC

B

FIGURE 26-9  This 14-year-old girl  sustained a naso-orbitoethmoid  (NOE)-type  facial  fracture and 
was referred for treatment of secondary deformities after primary facial fracture repair. She was treated 
with  cranial  bone  graft  augmentation  and  lag  screw  fixation,  medial  canthoplasties  with  transnasal 
wiring, removal of indwelling metal hardware, and dacryocystorhinostomies (external incisions) through 
her  previous  coronal  incision.  A,  Preoperative  frontal  view.  B,  Frontal  view  1  year  after  operation. 
C, Preoperative lateral view. D, Lateral view 1 year after operation. 

quelled this controversy somewhat; they offer a biologically 
safe and well-tolerated alternative without the need for auto-
genous harvest. They are very pliable, easy to cut and shape, 
and have utility in rhinoplastic surgery as a dorsal camouflage 
of either underlying grafts or osteocartilaginous irregulari-
ties9 (Fig. 26-12). The processed dermal graft is almost ideal 
for augmentations that require need 1 or 2 mm. It is soft and 
will have no sharp edges or resorption. If greater thickness is 
needed, stacking and suturing of several layers can be done 
for dorsal augmentations of up to 3 or 4 mm.

Osteotomies
Correction of deformities of the bony nasal vault is typically 
done with osteotomies. Nasal osteotomies can achieve closure 
of an open roof deformity, straightening of a deviated nasal 
dorsum, and narrowing of the nasal side walls. All osteotomy 
techniques essentially infracture one or both of the nasal 
bones. Widening of the nasal dorsum via outfracturing of a 
nasal bone, although useful, is an inherently more unstable 
procedure.

Commonly used osteotomy techniques include lateral 
osteotomy, intermediate osteotomy, medial osteotomy, and 
superior osteotomy (Fig. 26-13). Lateral osteotomies are typi-
cally performed in a high-low-high fashion in a linear direc-
tion from an intranasal incision at the superior edge of the 
inferior turbinate. Starting the osteotomy from this position 

ensures preservation of the lateral and nasal suspensory liga-
ment attachments to the piriform aperture. Elevation of the 
inner lining of the nose is carried out with a Freer elevator. 
The actual bony cuts are then made with a small (3-mm) 
unguarded osteotome. The intermediate osteotomy is used 
when there is a marked height difference between the two 
nasal bones or when a marked convexity of one of the nasal 
bones exists. The position between the medial and the lateral 
osteotomy depends on the clinical situation. When used for 
correction of height, it should be placed close to the nasal 
facial groove. For correction of nasal convexity, a path through 
the area of convexity should be used. Medial osteotomies  
are required for correction of the markedly deviated nose. 
The path of the medial osteotomy begins at the junction  
of the septum and the nasal bone and proceeds in an angu-
lated fashion to meet either the back fracture site or the supe-
rior osteotomy site. If a saddle nose deformity or an open 
book deformity exists, a medial osteotomy should not be 
required.

The nose that is severely deviated to one side should be 
approached with osteotomies in a sequential fashion, in the 
same way as opening a book (Fig. 26-14). The medialized 
nasal bone is first approached with a lateral osteotomy and 
then a medial osteotomy, allowing lateralization of the bone. 
Next, a medial osteotomy is performed on the laterally devi-
ated side, allowing return of the septum to the midline. 
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E, Lateral radiograph 1 year after opera-
tion. F, Cranial bone graft donor site (upper frontal) was recontoured 
with hydroxyapatite bone substitute. 

FIGURE 26-9, cont’d 



FIGURE 26-10  A  17-year-old  female  who  sustained  naso-
orbitoethmoid (NOE)-type facial fracture sought secondary treatment 
for  her  residual  deformities  after  an  insufficient  primary  repair.  
She was treated with cranial bone graft augmentation and lag screw 
fixation, medial canthoplasties with transnasal wiring, small alloplas-
tic  malar  augmentations,  and  dacryocystorhinostomies.  A,  Pre-
operative  frontal  view.  B,  Frontal  view  1  year  after  operation. 
C, Preoperative lateral view. D, Lateral view 1 year after operation. 
E,  Preoperative  submental  view.  F,  Submental  view  1  year  after 
operation.  G,  Cranial  bone  graft  harvest  site  reconstructed  with 
hydroxyapatite bone putty. H, Lag screw fixation of graft to dorsum 
with transnasal wiring of the medial canthi. 
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Finally, the laterally displaced bone is brought back toward 
the midline with a lateral osteotomy.

Spreader Grafts
Deformity of the middle nasal vault can lead to both nasal 
obstruction and airway obstruction due to collapse of the 
internal nasal valve (angle of <15 degrees). Spreader grafts 
provide a solution to both of these problems and are one of 
the most important contributions to corrective rhinoplastic 
surgery introduced in the past two decades10 (Fig. 26-15). 
With significant dorsal septal deflections for which scoring of 
the septum would be inadequate, spreader grafts can be used 
unilaterally to create the illusion of a straight middle nasal 
vault (Fig. 26-16). Bilateral middle nasal vault narrowing 
(i.e., inverted-V deformity) may be corrected with bilateral 
spreader graft placement.

FIGURE 26-11  Gore-Tex  (polytetrafluoroethylene)  graft  placed 
over the dorsum in reconstruction of a traumatic saddle nose deformity 
through an open approach. 

FIGURE 26-12  Processed  human  dermis  (acellular  dermis)  provides  a  soft  and  reasonably  thick 
(0.75-1.5 mm)  graft  material  for  the  nasal  dorsum  that  can  be  easily  cut  (A)  and  securely  sutured. 
B, Its revascularization is rapid and assured and its volume is well preserved. 

A B

FIGURE 26-13  Nasal osteotomy options: lateral (solid line), inter-
mediate or midlevel (dashed line), medial (dotted line), superior (dot-
dash line). 

The placement of spreader grafts can be done through 
either a closed or an open approach, but it is inherently easier 
for most surgeons to properly position and secure them 
through an external approach. After elevation of the skin 
envelope, a submucosal pocket is developed between the 
upper lateral cartilage and the septum. The pocket should 
span the entire length of the upper lateral cartilage. Spreader 
grafts can be fashioned from septal cartilage, conchal carti-
lage, or resected vomer. Some surgeons have used grafts fash-
ioned from resorbable polymers with good success, believing 
that the residual scar is sufficient as a volumetric expander.11 
Length should allow extension from just under the nasal 
bones to the caudal edge of the upper lateral cartilage. Width 
is determined by the defect being repaired but typically varies 
between 1 and 3 mm. Grafts are secured in position with 5-0 
resorbable monofilament sutures in a horizontal mattress 
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bilateral cephalocaudal scoring on the concave areas, and 
osteotomy and repositioning of the nasal spine and vomer 
bone (Figs. 26-18 and 26-19; see Fig. 26-17B). For more major 
deflections in which the caudal septum remains deviated, 
spreader grafts should be used, with the upper lateral cartilage 
opposite the deviated side sewn differentially to the spreader 
graft–septal composite to pull it to the midline.4 Intranasal 
extramucosal splints may also be used to improve cartilage 
memory if spreader grafts are not used.

Illusion of Nasal Lengthening
Traumatized noses that have only minimal shortening  
may be amenable to illusion techniques by which a small 
amount of lengthening can be achieved. One such technique 
involves inferior rotation of the nasal tip.12 The lower 
lateral cartilages are freed from their surrounding attach-
ments, and the tip is rotated downward (Fig. 26-20). The net 
achievement is deprojection of the tip along with inferior 
rotation, but no real net increase in length is actually obtained. 
Radix grafts also provide the illusion of increased nasal 
length.13

Septal grafts are harvested and sculpted in a beveled 
fashion. They are placed through an intercartilaginous inci-
sion and laid over the area of the radix. A mattress suture of 
5-0 plain gut placed through the overlying skin can be used 
to secure the graft in position. Simply stuffing the grafts into 
a dorsal subcutaneous pocket should be avoided, because 
they are prone to potential migration. This technique is most 
beneficial for those patients who had a preexisting deep radix 
before their injury. A gain of 1 to 2 mm in radix height can 
usually be achieved. A need for greater augmentation in this 
area suggests an overall lowering of the dorsum, which is best 
addressed by other techniques.

Nasal Lengthening
A variety of surgical maneuvers may be used to create an 
actual increase in nasal length. In most nasal fracture defor-
mities, both increased nasal length and increased tip projec-
tion are needed. All techniques involve cartilage grafting and 
include tip grafts, columellar struts, and septal extension 
grafts.

A very versatile method is the dynamic adjustable rota-
tional tip tensioning (DARTT) technique, which aims to 
achieve all of these maneuvers in a single procedure.14 It is 
performed through an open rhinoplasty approach; multiple 
septal cartilage grafts are placed as a single columellar strut 
with two other grafts serving as septocolumellar interposi-
tional grafts (Fig. 26-21). These three grafts are used to create 
a new tip complex that provides columellar support, allows 
repositioning of the nasal tip in an inferior direction, and 
opens the internal nasal valve. A wide arc of rotation is pos-
sible, and the appropriate tip projection and rotation can 
easily be selected. This technique offers adaptability as well as 
maximal stability.

Another grafting technique is that of a two- or three-tiered 
graft that is sutured to the caudal edge of the medial crura.15 
With the use of septal or conchal cartilage, the graft is but-
tressed against the very stable medial crura and distal septum 
through an open approach (Fig. 26-22). The redraping of the 
skin over the graft creates an increased dorsal length, although 
it is not as significant as that obtained by the DARTT 
technique.

fashion through the upper lateral cartilage, the graft, the 
septum, and the opposite side graft if used (see Fig. 26-15).

Septoplasty
The nasal septum functions as the backbone of the nose and 
has an enormous effect on the appearance of the dorsum. 
Deflections of the septum can make both the middle third 
and the lower third of the nose appear deviated. Although 
septal deviation and deflections can exist in a wide variety of 
anatomical forms, the traumatized nose most frequently 
develops an S-shaped or reverse S-shaped anteroposterior 
deformity due to buckling and fracture of the septum from 
oblique forces.4 The orientation of the S-shape depends on 
the initial direction of the traumatizing blow (Fig. 26-17A). 
With more severe superior or direct displacing forces on the 
nasal tip or dorsum, the septum fractures, telescopes, and 
shortens onto itself.

Correction of the deviated septum is usually done through 
a hemitransfixion incision. Deviated portions of the septum 
are removed, preserving at least a 1-cm strut both dorsally 
and caudally (see Fig. 26-6B). Whenever possible, removed 
cartilage is morselized and returned to the septum if it is not 
used as grafts. If minor deviations exist in this important 
preserved strut area, light vertical scoring may be used on the 
concave side of the septal deformity. For maximal septal car-
tilage preservation, the S-shaped deformity is corrected by 
removal of the posterior portion of the bone and cartilage, 

FIGURE 26-14  Osteotomy  technique  for  severe  nasal  pyramid 
deviation. A,  Typical  deviated  nose  caused  by  trauma with  convex 
and concave deformities of the bones and septal angulation. B, Pattern 
and  sequence  of  osteotomies  for  straightening  of  nasal  bone 
asymmetry. 

1

23

4

Convex Concave

A

B
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FIGURE 26-15  Spreader graft placement  technique. The middle vault  is narrowed due  to medial 
collapse of the upper lateral cartilages. A, Spreader grafts often extend from the osseous-cartilaginous 
junction  to beneath  the domes  to open up  the  internal nasal valves. B, Spreader grafts  (usually  from 
septum) are placed into position between the upper lateral cartilage and the nasal septum. C, The grafts 
are best secured by 5-0 resorbable horizontal mattress sutures. 

A C

B
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FIGURE 26-16  Male  patient  with  2-year-old  nasal  fracture  initially  treated  with  closed  reduction 
technique at an outside institution with airway obstructive symptoms and nasal asymmetry. The patient 
was treated through an endonasal approach with unilateral spreader graft and nasal side wall graft of 
septal cartilage. A, Preoperative frontal view. B, Frontal view 2 weeks after operation. C, Preoperative 
submental  view.  D,  Submental  view  2  weeks  after  operation.  E,  Preoperative  right  oblique  view. 
F, Right oblique view 2 weeks after operation. The patient’s airway obstructive symptoms are completely 
resolved, and  the  right  upper and middle  vaults have been  restored.  The  spreader graft  has done a 
good  job  of  opening  the  internal  nasal  valve  and  correcting  the  collapse  of  the  right  lower  alar 
cartilage. 

A B

C D

E F

FIGURE 26-17  A, Correction of S-shaped anteroposterior deformity with 
removal of posterior bone and cartilage (dark area) and bilateral anteropos-
terior scoring on the concave side of the cartilage (straight and hatched lines). 
B, Repositioning of  the caudal end of  the septum  is almost always needed 
with removal of the overlapping portions of the septal cartilage and maxillary 
crest bone  (lined areas) and fixation of  the freed cartilage end to  the bony 
anterior nasal spine area. 

A B
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FIGURE 26-18  Female patient with 1-year-old nasal fracture inadequately treated by closed reduc-
tion techniques with resultant left-sided septal deviation, right middle and upper vault collapse, and left 
nasal airway obstruction. She was treated through an endonasal approach with septoplasty and caudal 
septal fixation, left inferior turbinate reduction, septal spreader graft to the right middle vault, and septal 
graft to the right nasal side wall. A, Preoperative frontal view. B, Preoperative submental view. 

A B

FIGURE 26-19  Female patient with 12-year-old nasal deformity secondary to an untreated fracture 
she sustained as an adolescent. The resultant septal deformity is superimposed on a preexisting dorsal 
hump and drooping tip deformity. She was treated with a simultaneous correction of the deviated septum 
through anteroposterior scoring, limited septal resection, dorsal hump reduction, and superior tip rotation 
techniques. A, Preoperative frontal view. B, Frontal view 6 months after operation. 

A B

FIGURE 26-20  Inferior tip rotation technique for lengthening an esthetically short nose. A, Release 
of the lower lateral cartilages from their attachments to the upper lateral cartilages, suspensory ligaments, 
and septum. B, Direction of rotation of lower lateral cartilages and their effect on nasal length and tip 
position. 

A B
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more effective technique also employs a small auricular car-
tilage graft, but staggered septal-columellar incisions are 
made, completely releasing the septal-columellar unit. The 
graft is then placed through the more caudal incision with the 
composite cartilage graft supported by the opposite mucosal 
flap. This extension of the membranous septum provides for 
a noticeable increase in columellar show.

CONTROVERSIES

The timing of surgery and the choice of grafting material are 
the primary issues of debate. Some surgeons advocate early 
intervention after the primary injury once the extent of the 
nasal problem is clear. Others prefer to wait until the nose is 
more stable (i.e., cartilage and bone have healed), when the 
tissues may handle better. There is no clearcut answer, and 
the issue is often decided by the magnitude of the deformity, 
the degree of airway obstruction, and the patient’s desires. 
Since the open approach has achieved wide acceptance, 
earlier intervention can be more easily performed with higher 
assurance of postoperative stability due to the visibility pro-
vided and the ability to more securely fix grafts into the 
desired positions.

Graft materials are more hotly debated, and there are 
advocates of both autogenous and alloplastic implants. As 

FIGURE 26-21  Dynamic adjustable rotational tip tensioning (DARTT) technique. A, Frontal and basal 
views. B,  Lateral view demonstrates  the degree of  tip  rotation  that can be achieved by adjusting  the 
placement of the septocolumellar interpositional grafts. 

A

B

FIGURE 26-22  Lengthening the foreshortened nose through tiered 
cartilage grafts placed on a primary columellar strut. A stack of  two 
or three grafts can be used. 

Columellar Extension
Isolated retraction (impaction) of the columella can be cor-
rected in a variety of ways. Composite auricular grafts added 
to the caudal end of the septum have been traditionally 
described as a method of creating columellar extension.16 A 
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elsewhere on the face, both can work successfully if good 
technique is used and the skin and mucosal cover are of good 
quality. Autogenous materials clearly require more work to 
harvest, shape, and place but their long-term benefits almost 
always justify the effort. This is particularly true for secondary 
reconstruction of the traumatized nose, where significant 
restructuring and grafting may be needed and the mucosal 
coverage may be scarred and less plentiful.

CONCLUSION

The posttraumatic nose can be a difficult problem to correct 
secondarily, and successful treatment involves an apprecia-
tion of the contributions of the nasal bones, septum, and 
upper and lateral cartilages to both the esthetic and f 
unctional problems that the patient is experiencing. Optimal 
correction of the architectural deformities of the traumatized 
nasal framework, such as saddle nose and short nose  
problems, requires accurate diagnosis and reconstruction, 
which is best done through an open approach given the 
complexity of the anatomical changes. Stable long-term 
results depend on the surgeon’s ability to restore a balance 
between the tensile and compressive forces of the nasal 
superstructure.

A wide variety of deformities may be encountered during 
the secondary treatment of these difficult nasal injuries. A 
thorough knowledge of the plethora of available techniques 
is required to achieve optimal results. Onlay and interposi-
tional cartilage grafts, osteotomies, septal repositioning, use 
of dermal grafts, and occasionally the judicious use of allo-
plastic materials are the mainstays of treatment. Most patients 
require a combination of these techniques to either correct or 
camouflage the nasal problem. These techniques are applied 
to achieve nasal symmetry, elevation and straightening of the 
dorsal line, and opening of the internal nasal valve. Improve-
ments in breathing and appearance are almost always 

achieved, but complete return of the nasal morphology to its 
pre-injury state may not be attainable in all patients.
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Residual deformities in the orbital region have several 
causes: extent and severity of the original injury, tissue 
loss, associated injuries, inadequate initial diagnosis, 

compromised initial management, and complications of 
initial treatment. The severity of the facial injury may make 
it impossible to achieve a good result after the initial surgical 
repair, especially if there is extensive tissue loss resulting from 
the traumatic injury. The extent and severity of associated 
injuries may preclude optimal management of the facial inju-
ries in the immediate and early posttraumatic periods, leading 
to delayed or compromised primary surgery. Neurological 
damage associated with a head injury or direct nerve damage 
can result in deformities such as ptosis. The damage usually 
is not repaired at the time of initial management and requires 
secondary correction. Inadequate diagnosis of the true nature 
of the injury or poor initial management may lead to poor 
outcomes. These patients present with residual deformities 
with cosmetic and functional implications (Fig. 27-1).

ASSESSMENT OF ORBITAL DEFORMITY

An essential step in managing secondary orbital deformity is 
to list and prioritize problems based on what is causing the 
patient concern. The typical secondary deformities can be 
categorized as deformities affecting the external appearance 
of the orbit or deformities affecting the function of the orbit. 
Some secondary deformities affect the patient’s appearance:

• Defects of the cheek and orbital rim
• Scars: tethering of skin, pigmentary changes
• Changes in position of the globe

• Anteroposterior position: enophthalmos or exophthal-
mos (rare)

• Vertical position: orbital dystopia
• Lateral position: hypertelorism (rare)

• Lid changes
• Upper lid: ptosis
• Lower lid: lid lag, ectropion, entropion
• Canthal changes: telecanthus

Other types of deformity cause functional problems:

• Visual loss
• Diplopia

• Sensory nerve problems: infraorbital, supraorbital
• Epiphora: lacrimal drainage, abnormal lid contact with the 

eye
• Dry eyes, corneal exposure
• Obstruction of the coronoid process
• Obstruction of sinus drainage

Patients seek treatment for secondary deformities for 
many reasons. These injuries can result in obvious and some-
times severe cosmetic defects. Patients can suffer enormous 
psychological trauma as a result. They may lose self-
confidence, and people with previously outgoing personali-
ties can become shy and retiring. In extreme cases, they may 
withdraw from society and find themselves unable to cope 
with their work or mix socially with friends. Patients vary 
enormously in their perception of problems, and the most 
serious psychological reactions are not necessarily seen in 
those with the most serious injuries. The patient and the clini-
cian may perceive a deformity very differently. Patients have 
increasingly high expectations and think that an injury 
should be corrected and that they should be returned to their 
pre-injury state. This is not always possible, and one of the 
clinician’s tasks is to combine encouragement and support 
with realistic expectations of what can be achieved. Injuries 
causing secondary deformities also are important from a 
medicolegal standpoint.

The zygomatic complex is the key to the orbital skeleton, 
and many deformities result from inadequate or misplaced 
reduction of zygomatic fractures. Inadequately reduced zygo-
matic fractures and fractures of the orbital walls (i.e., blowout 
fractures) cause changes in orbital volume and shape, produc-
ing enophthalmos and orbital dystopia.

Scarring around the orbital region can have profound 
effects on facial appearance. Even well-healed scars in this 
area are obvious and difficult to camouflage. Scar contracture 
can have serious consequences leading to distortion of ana-
tomical landmarks, particularly in the lower eyelid, where it 
may result in unsightly ectropion (Fig. 27-2). Tethering of the 
relatively thin skin of the eyelid and the periorbital area to 
the underlying bone results in loss of the animation required 
for normal facial expression.

It is difficult and somewhat artificial to separate the bony 
and soft tissue elements of these injuries. Inadequate support 
of the soft tissues due to insufficiet bony reduction further 
complicates the issue, and difficulties in dealing with scarred, 
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Examination must assess facial shape and symmetry as well 
as the position of the globe in three dimensions and com-
pared with the contralateral side. The eyelids, the brows, and 
the position of the medial and lateral canthi must also be 
assessed. The distance from the medial canthus to the facial 
midline and from the pupil to the lateral orbital rim should 
be measured and compared bilaterally for symmetry. The 
position of the malar fat pad over the cheek is crucial to the 
cosmetic appearance. As a result of trauma or previous sub-
periosteal dissections, it may migrate inferomedially, accen-
tuating the effect of posterior displacement of the zygomatic 
complex. Evaluation may identify functional problems, the 
most common of which is diplopia. Evaluation of diplopia is 
best achieved by means of Hess charts (Fig. 27-3), fields of 
binocular vision, or prism bars, which allow objective assess-
ment of ocular movements and estimation of the degree of 
diplopia.

Enophthalmos is commonly associated with orbital 
trauma. An eye that sinks into the orbital cavity generates the 
characteristic clinical appearance of supratarsal hooding, or 
a supratarsal sulcus deformity, which produces shadowing 
above the eye (Fig. 27-4). This clinical sign indicates loss of 
inferoposterior support of the globe. True orbital dystopia 
may be an associated finding. Clinically, enophthalmos is best 
assessed by examining the patient from above and behind, 
looking down on the eyes, and gently retracting the upper 
eyelids to reveal the globes. This means of clinical examina-
tion is surprisingly sensitive, and enophthalmos of 2 to 3 mm 
can be detected by this method. More formal measurement 
of enophthalmos is carried out by use of a Keeler frame or 

FIGURE 27-1  The combined effects of skeletal and soft tissue ele-
ments produced scarring, orbital dystopia, enophthalmos, and loss of 
cheek contour. Because of the severity of the head injury, management 
of the facial injuries was not possible in the immediate posttraumatic 
period. 

FIGURE 27-2  Infection around an orbital rim plate led to tethering 
of the overlying skin and an unsightly ectropion. 

FIGURE 27-3  The Hess chart shows tethering of the inferior rectus. 

FIGURE 27-4  Supratarsal hooding and obvious shadowing above 
the left eye are clinical signs of enophthalmos. 

thickened, and fibrosed soft tissues may lead to poor cosmetic 
results despite a perfect bony reconstruction. Combinations 
of skeletal and soft tissue problems produce deformities such 
as telecanthus and canthal malpositions.

HISTORY AND CLINICAL EXAMINATION

Much information can be gained from a thorough history and 
clinical examination. The time that has elapsed since the 
initial injury is relevant; orbital fractures are healed at 3 
weeks, but nerve recovery takes months. Some nerve injuries, 
including superior orbital fissure syndrome and neurapraxia 
of the infraorbital nerve, have a relatively good prognosis for 
recovery. Injuries involving the optic nerve have a worse 
prognosis.

Careful clinical assessment leading to an accurate diagno-
sis of the deformity is essential for successful management. 
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The least commonly used modality for examination of the 
orbit is MRI. Standard MRI protocols have long acquisition 
times and render relatively poor images of the bony anatomy. 
Soft tissue imaging with MRI is superior to that with CT, and 
in some circumstances, such as extraocular muscle assess-
ment, MRI is helpful.

DIGITAL PLANNING WITH IMAGING DATA

Rapid expansion in the availability and affordability of com-
puter power in the past 20 years has had a profound impact 
on every aspect of clinical practice. Imaging has been  
greatly affected by the underlying digital processes used to 
acquire data.

Early CT scanners acquired data in a single plane—usually 
axial because of the patient’s position in the scanner. Acquisi-
tion of coronal images involved extending the patient’s neck 
so that the coronal plane of the orbits was coincident with the 
axial plane of the rest of the body. Any restriction of neck 
extension resulted in an oblique plane of cut through the 
orbit, making image interpretation difficult. These problems 
disappeared with the advent of multislice spiral CT scanning. 
The patient is scanned in the axial plane, and image acquisi-
tion is easy, even when the patient is unconscious. The 
acquired data are used to immediately reconstruct images in 
axial, sagittal, and coronal planes, making interpretation 
easier (Fig. 27-5).

Hertel exophthalmometry; however, both devices use the 
orbital rim as a reference point and are potentially inaccurate 
for patients in whom the orbital rim is not intact or is 
displaced.

IMAGING

Orbital defects are typically assessed with computed  
tomo graphy (CT). Other choices include conebeam  
tomography and magnetic resonance imaging (MRI). Con-
ventional helical CT has the advantage of a rapid acquisition 
time and good detail of hard and soft tissues. The downside 
of conventional CT is the radiation dose, which increases in 
proportion to the resolution of the scan. The eye is one of the 
most radiosensitive tissues, and the threshold for inducing 
cataracts in adults can be as low as 500 to 2000 mGy. In chil-
dren, this threshold is even lower, and development of cata-
racts has been documented at less than one half of the adult 
dose of radiation. Typically, the dose to the eye is about 
50 mGy, depending on the instrument and protocol.

Conebeam tomography scanners are becoming increas-
ingly available to maxillofacial surgeons. They have the 
advantage of lower radiation dosage, typically about 10% that 
of conventional tomography. The disadvantage is a lack of soft 
tissue definition and limitation of scanning volume dictated 
by the size of the cone.

FIGURE 27-5  Normal multiplanar images of the orbital floor. 

Coronal Sagittal

Axial 3D
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FIGURE 27-6  Stereolithic model of an orbital  roof  injury  (A) and outline of a plan  for an orbital 
roof osteotomy (B). 

A B

Orientation of the slices is not fixed with respect to the 
original acquired slices, which allows for rotation to correct 
for imprecise alignment of the patient in the scanner. It is 
therefore feasible to obtain bilateral comparisons that are 
useful for orbital reconstruction. Accurate orbital volume 
measurements can be made, arbitrarily shaped pieces can be 
isolated and moved around, and operations can be simulated. 
Portions of the normal orbital anatomy can be isolated, dupli-
cated, mirrored, and transposed to the affected side to facili-
tate planned reconstruction. Even without further application 
of technology, the detail that can be gained from images of 
this quality greatly facilitates an accurate diagnosis and for-
mulation of a treatment plan. For example, accurate measure-
ment of the posterior limit of orbital floor defects from the 
inferior orbital rim gives the surgeon greater confidence in 
continuing with a posterior dissection without fear of coming 
across the optic foramen.

Computer-aided manufacture of scanners has greatly 
extended the scope of this technology. In the early days, mod-
eling was achieved by means of a removal process using 
models manufactured of expanded polyurethane with a 
computer-guided milling machine. Reproduction of under-
cuts was limited with the more widely available machines, 
which had only three degrees of freedom, but more expen-
sive, five-axis machines were capable of more accurate repro-
duction. The cost of such machinery was a serious limiting 
factor. The other main form of model construction under 
development was stereolithography. In contrast to milling, 
this was a constructive process in which layer-by-layer 
polymerization of a curable resin is achieved by a computer-
driven laser. This technology was capable of producing 
models of stunning accuracy but was a lengthy and expensive 
process. Newer manufacturing processes, including surface 
deposition modeling, have reduced the costs significantly 
(Fig. 27-6).

USE OF MIRROR-IMAGE SOFTWARE

A key reason to use software for craniofacial planning is the 
ability to select portions of the craniofacial skeleton and 
create mirror copies of the data, resulting in a digital copy of 
the missing or misplaced hard tissue. This allows the surgeon 

to visualize the displacement of the orbital fragments and 
assess the missing tissue. The mirror template can be used  
in implant manufacture and for intraoperative guidance  
(Fig. 27-7).

Mirror-image reconstruction was first used for construc-
tion of mirror-image milled models of the orbital floor to 
allow manufacture of custom titanium implants. The small 
implants are reasonably successful, and they are rigid and 
accurate1 (Fig. 27-8). However, this type of reconstruction 
method relies on a surface anatomical fit for correct position-
ing of the implant; the contour is not always obvious and can 
lead to error. The titanium sheet must be produced carefully, 
taking into account the likely surgical path of insertion. Large 
titanium implants may exceed the size of the available surgi-
cal access in orbital floor reconstruction. This situation can 
be complicated by the rigidity and hardness of the material; 
it may not be possible to trim the material in an operating 
room environment. The final disadvantage is one of cost. 
Custom materials are always more expensive than off-the-
shelf equivalents.

Polyetheretherketone (PEEK) implants are produced 
based on principles similar to those used for titanium 
implants. However, the design process is purely digital; no 
physical models are made during production of the implant. 
PEEK originally was used as a material in engineering appli-
cations. The polymer is highly resistant to degradation in in 
vivo settings. It is nonporous and easy to sterilize. PEEK is 
easier to use than titanium for manufacture of complex, 
three-dimensional shapes such as the bone of the outer orbital 
frame (Fig. 27-9), and it can be adjusted and drilled using 
operating room instrumentation. The disadvantage remains 
the high manufacturing cost.

INTRAOPERATIVE GUIDANCE WITH  
STEREOTACTIC IMAGING

Frameless stereotactic imaging systems have been used in 
neurological surgery since the early 1990s. The arrangement 
consists of a three-dimensional camera system attached to a 
computer terminal displaying the patient’s preoperative 
imaging (CT or MRI) (Fig. 27-10). The surgical instrumenta-
tion is marked with optical markers to allow the camera 



502 C HA P T E R 27 Secondary Orbital Surgery

Another criticism of navigation systems is the steep learn-
ing curve required because of their complexity. A technically 
simpler approach is to use intraoperative C-arm scanning 
(combined with mirror-image technology) to confirm the 
position of reconstructions. However, there are numerous 
disadvantages, including radiation dosage, the lack of real-
time verification, and restriction to radiopaque materials 
during orbital reconstruction.

ENOPHTHALMOS

Treatment of enophthalmos depends on a thorough under-
standing of the underlying pathophysiology. Several mecha-
nisms are postulated for the development of posttraumatic 
enophthalmos:

• Herniation of orbital fat
• Loss of ligamentous globe support
• Increase in orbital volume
• Fat atrophy
• Herniation of extraocular muscles
• Soft tissue contraction

The relative contributions of these factors are controver-
sial. However, it is known that posttraumatic enophthalmos 
represents an imbalance between orbital contents and orbital 
volume.

FAT HERNIATION AND LIGAMENTOUS SUPPORT

Manson et al.2 investigated the relationship between fat and 
ligaments in the provision of globe support. Orbital fat is 
traditionally separated into extramuscular and intramuscular 
compartments, with fine ligaments dividing these compart-
ments.3 Most of the extramuscular fat compartment exists in 
the anterior portion of the orbit, whereas posteriorly, almost 
all of the fat is intraconal. Investigations showed that removal 
of intraconal fat produced globe displacement similar to 
clinical enophthalmos. Removal of the extramuscular fat, 
although it produced globe displacement, was of less signifi-
cance than loss of the posterior intraconal fat. The average 
change in globe position in patients undergoing cosmetic 
blepharoplasty was less than 1 mm, suggesting that anterior 
extramuscular fat plays little part in globe position. The liga-
mentous system alone was incapable of maintaining the full 
forward projection of the globe, for which intramuscular 
conal fat was required. The importance of the ligamentous 
sling system of the orbit is evidenced by the observation that 
removal of the orbital floor as part of a maxillectomy proce-
dure does not lead to a change in globe position as long as 
the periosteum and sling system remain undisturbed. 
Removal of bone from multiple orbital walls, by changing the 
mechanics of the sling system, does alter globe position and 
is part of the rationale behind orbital decompression for 
thyroid eye disease.

ORBITAL VOLUME AND FAT ATROPHY

CT allows detailed investigation of the relationship between 
orbital volume changes and enophthalmos. Several investiga-
tors have described the changes in orbital volume and soft 

FIGURE 27-7  Computed  tomography shows an orbital floor and 
zygoma fracture (A), the normal orbit marked in blue (B), and a normal 
orbit  mirrored  to  the  injured  side  to  demonstrate  fracture  displace-
ment (C). 

A

B
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system to identify and display their real time position on 
preoperative imaging. Because these systems can see the ana-
tomical position of instruments in areas of limited surgical 
access close to vital structures, they have valuable applications 
in neurosurgery. The same anatomical conditions exist 
around the orbital apex. However, it is rarely necessary to 
dissect posterior to the orbital plate of the palatine bone in 
secondary orbital repair. Navigation offers a significant 
advantage in orbital dissection when the orbital anatomy is 
grossly distorted and scarred, but the real advantage is intra-
operative verification of the position of reconstructions  
(Fig. 27-11).

Mirror software can create a virtual position of the ideal 
reconstruction and then use navigation to confirm that the 
actual reconstruction is an accurate copy. An advantage of 
this technique is that it does not depend on a particular 
reconstructive material. Any graft or alloplastic material can 
be positioned in the same way. Avoiding custom materials 
reduces consumable costs, although the capital cost of naviga-
tion systems is very high.
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• Changes in the shape of the orbital soft tissue to a more 
spherical configuration allow posterior, inferior, and 
medial globe displacement.

Although in this chapter we are discussing only the man-
agement of secondary deformities, it is clear that early cor-
rection of enophthalmos gives superior results. From the 
data, investigators determined criteria that accurately pre-
dicted the likelihood of enophthalmos developing, and they 
identified cases in which early surgical intervention would be 
beneficial. Raskin et al.8 described group 1 fractures (<13% 
orbital expansion), which failed to demonstrate enophthal-
mos on follow-up examination, and group 2 fractures (>13% 
orbital expansion), which frequently demonstrated enoph-
thalmos when managed conservatively.

Manson et al.6 believed that they can predict the develop-
ment of enophthalmos in cases in which the orbital floor 
disruption exceeds a total area of 2 cm2, the bony orbital 
volume increase exceeds 1.5 cc or 5%, and significant fat and 
soft tissue displacement occurs.

Orbital volume is the most relevant factor in posttraumatic 
enophthalmos. The converse is also true for the rare 

tissue orbital volumes after injury.4-6 Thin-slice CT scans can 
be used to assess orbital volume accurately. They show a 
linear relationship between increased orbital volume and 
enophthalmos, with each 1 cm3 increase in orbital volume 
leading to 0.47 mm of enophthalmos. Whitehouse et al.7 
demonstrated 0.8 mm of enophthalmos for each 1 cm3 of 
orbital expansion. These relationships are valid for fractures 
more than 4 weeks old when initial posttraumatic edema has 
settled. Manson et al.6 investigated bony orbital volume 
changes and soft tissue volumes within the orbit. Their study 
revealed a slight (5%) increase in total soft tissue volume and 
retrobulbar volume (5%), whereas bony orbital volume was 
increased by up to 18%. Fat and globe volume changes were 
not significant. Fat atrophy was not a predominant feature in 
most patients. They also demonstrated that reconstruction of 
the bony orbit reversed these volume changes and restored 
globe position. Manson et al.6 drew the following 
conclusions:

• The principal mechanism of posttraumatic enophthalmos 
involves displacement of a relatively constant volume of 
orbital tissue in the enlarged bony orbit.

FIGURE 27-8  A, Preoperative view of a patient with enophthalmos. B and C, Custom-made titanium 
implant used to reconstruct the orbital floor. D, Postoperative result. 
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FIGURE 27-9  A,  Preoperative  view. B, Computed  tomography demonstrates  loss  of  the  zygoma 
and orbital floor and reconstruction of the maxilla with a free flap. C, Mirror image of the zygoma in 
green and the orbital floor in magenta. D, Missing zygoma manufactured in polyetheretherketone (PEEK). 
E, PEEK component in situ with the orbital floor reconstructed in titanium. F, Postoperative result. 
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condition of posttraumatic exophthalmos, in which the 
orbital volume is reduced as a result of brain herniation 
through the orbital roof. The curious condition of pulsatile 
exophthalmos results from high blood flow to the brain.

MATERIALS FOR ORBITAL RECONSTRUCTION

Many materials have been used in the repair of bony orbital 
wall defects. Each has advantages and disadvantages, and 
none fulfills all the requirements of the ideal graft material:

• The material should be strong enough to support the 
orbital contents without herniation into the defect.

• It should be available in thin sheets to bridge defects or to 
provide bulk for volume expansion.

• It should be easily shaped and molded to the complex 
anatomical shape required and should retain that shape 
without memory.

• It should remain dimensionally stable in the long term.
• It should be biocompatible.
• It should be resistant to infection.
• It should be radiopaque but not produce scatter artifact, 

which impairs future radiological investigations.

Autologous materials include bone (multiple donor sites), 
septal cartilage, periosteum, and fascia lata. Alloplastic mate-
rials can be used and include Silastic, hydroxyapatite, polytet-
rafluoroethylene (PTFE), coral, titanium, polydioxanone 
(PDS) sheet, poly-l-lactide (PLLA), and PEEK.

Working on the principle of replacing like with like, autog-
enous bone is the obvious choice. Bone can be harvested from 
several sites; for small floor defects, the contralateral antral 
wall9 provides a suitably shaped and thin piece of bone. The 
morbidity associated with the harvest of this graft is the least 
of the available donor sites. For larger grafts, calvaria and iliac 
crest are most commonly used.

The calvaria has much to recommend it as a donor site for 
orbital reconstruction. If a coronal flap has been raised as part 
of the access for the reconstruction, the graft can be harvested 
without the need for further incisions and with negligible 
added morbidity. Even if the orbital floor is approached 
through a lid incision, only a small hemicoronal flap is 
required to harvest a suitable piece of bone. The calvaria 
produces sheets of graft about 2 to 3 mm thick. After repair 
of the overlying scalp, there is a barely noticeable defect in 
the skull. If for any reason a craniotomy is required as part of 
the reconstructive process, the calvaria can be split and the 
inner table used as graft before the craniotomy is replaced. 
However, calvarial bone is very dense, and there is a limit to 
the extent to which it can be shaped. Leaving the periosteum 
attached to the outer surface allows the bone to be sectioned 
through its full thickness to give a flexible sheet of bone and 
periosteum. The very dense nature of this bone is thought to 
be the reason why it is the most dimensionally stable of the 
available grafts, particularly when rigidly fixed.

Iliac crest is a useful source of bone grafting material, and 
it can provide large quantities of bone. The bone is somewhat 
easier to shape than calvarial bone, but it does exhibit greater 
resorption. The donor site morbidity is higher and requires a 
second distant operative site.

FIGURE 27-10  Navigational setup in the operating room showing 
an optical camera, optical markers on the patient, and an instrument 
in the surgeon’s right hand. 

FIGURE 27-11  Intraoperative  verification  of  the  position  of  the 
orbital floor mesh using navigation. 
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complications became apparent. Common postoperative 
sequelae included sensory disturbance, restriction of globe 
motility, and enophthalmos developing after orbital repair. 
PDS is resorbed by a process of hydrolytic dissolution. Early 
loss of support after only 4 weeks has been demonstrated; this 
is not sufficient time to allow adequate bony healing of the 
orbital defect. Moreover, cyst-like lakes and so-called sterile 
sinus formation were associated with the implant material. 
This material is not considered suitable for the repair of large 
defects.

Poly-l-lactic acid/polyglycolic acid copolymer (Lacto-
Sorb) has been investigated.12 It has potential for orbital floor 
repair.

TREATMENT

When dealing with secondary corrections, it is useful to dif-
ferentiate cases in which the initial injury is confined to the 
internal orbit (often referred to as orbital blowout injuries, 
although more accurately identified as orbital wall and floor 
defects) from those in which there is disruption of the orbital 
framework. The latter cases result from previously untreated 
or inadequately treated zygomatic or nasoethmoidal injuries. 
Treatment in these cases always involves initially correcting 
the orbital framework before moving on to correct internal 
orbital damage.

INTERNAL ORBITAL INJURIES

For internal orbital injuries, the aim of treatment is to restore 
globe position and release any mechanical entrapment that 
may be contributing to diplopia. Because the orbital frame-
work is intact, there is no change in facial contour. The classic 
pure blowout fracture typically produces an orbital floor 
defect of less than 2 cm2 that occurs in the anterior or middle 
part of the orbit.

Small Defects
Repair of small defects (<2 cm2) usually is straightforward. A 
cutaneous or transconjunctival approach to the orbital floor 
is used,6-9 and the defect is reached by subperiosteal dissec-
tion of the orbital contents, proceeding from the orbital rim 
backward. After the defect is outlined, the herniated orbital 
contents are freed from the maxillary sinus and gently 
returned to the confines of the orbital cavity. The choice of 
material for orbital repair in these fractures is not critical. A 
thin sheet of the chosen repair material is shaped to cover the 
defect, and if it can be made to overlap the margins of the 
defect onto sound bone all around, it usually does not require 
fixation (Fig. 27-12). The weight of the orbital contents resting 
on it serves to stabilize the repair.

Large Defects
Correction of some orbital floor defects is not straight-
forward. This is especially the case with secondary 
reconstructions.

In complex orbital wall defects, the defect extends to 
involve more than one of the orbital walls (most often the 
floor and medial wall, but any combination is possible) and 
backward into the posterior third of the orbit (Fig. 27-13). 
For these large defects (>2 cm2), the orbital volume must be 

Despite the problems of donor site morbidity and lack of 
dimensional stability due to resorption, autogenous bone 
remains the material of choice for the reconstruction of large 
defects. It is less susceptible to infection and more tolerant of 
it should it develop. Septal cartilage offers a useful autologous 
alternative to bone.10 It is easily accessible, is relatively abun-
dant, and provides adequate support to the orbital floor. 
Donor site morbidity is negligible.

To avoid a donor site and overcome some of the problems 
associated with the use of autogenous bone, many alloplastic 
materials have been used in orbital reconstruction. Silastic 
(i.e., medical-grade silicone polymer) was available in a range 
of thicknesses and in reinforced and plain forms. It became 
popular because it was easy to cut to size and shape, and it 
had sufficient strength to support the orbital contents, par-
ticularly in small and medium-sized defects. As with all allo-
plastic materials, it was susceptible to infection, and rates 
between 0.4% and 7% were cited. Silastic promotes a foreign-
body reaction around it, taking the form of encapsulation of 
the implant in a dense, nonadherent, fibrous capsule. This 
fibrous capsule accounts for problems of extrusion of the 
implants and chronic sinus formation reported up to 20 years 
after surgery.11 As a result, Silastic has fallen out of favor and 
can no longer be recommended as a material for orbital 
reconstruction.

Titanium has been widely used in orbital reconstruction 
and has several advantages. It usually is in the form of a mesh 
and is available in sheets of various thicknesses. It is malleable 
and therefore easily adapted to the shape of the orbital defect, 
but it has sufficient strength to support the orbital contents 
when bridging relatively large defects. It is the most biocom-
patible of all the available materials. Because of the mesh 
structure, connective tissue can grow around and through the 
implant, preventing migration. However, this has the poten-
tial disadvantage of making the implant very difficult to 
remove if required. Titanium produces relatively little artifact 
on CT and does not therefore preclude subsequent radiologi-
cal assessment. The mesh structure enables relatively straight-
forward fixation by placing screws through the mesh. 
Titanium can be used in solid sheets and perhaps has its 
greatest potential when used in conjunction with computer-
aided design and computer-aided manufacturing (CAD/
CAM), of custom-fabricated implants.

Of the nonmetallic alloplastic materials, Gore-Tex (high-
density polyurethane) is the most commonly used. As with 
titanium, it is available in a number of thicknesses to offer 
various degrees of support to the orbital contents. The thicker 
sheets have more strength but are more difficult to shape, and 
the material has a degree of memory, tending to return to its 
original shape after placement. Medpor can be used in sheet 
form with channels incorporated in the material, into which 
can be inserted plates to anchor and secure the material. This 
is achieved by cantilevering the sheet off the inferior orbital 
rim. Medpor has a rough surface into which connective tissue 
can grow to stabilize the implant. However, several cases of 
infection and displacement have been reported, and as with 
titanium mesh, removal can be difficult.

A resorbable material that can provide sufficient rigidity 
and support until bony healing is followed by total resorption 
is appealing. The advent of PDS sheets generated much 
excitement, because it initially appeared to offer these desired 
properties. As research results were published, however, some 
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orbit. To allow full 360-degree dissection of the orbit as advo-
cated by Hammer,13 a lower lid incision must be combined 
with a coronal approach. This gives the best exposure of the 
medial wall and is the only incision to provide adequate expo-
sure of the nasoethmoidal complex. To maximize the naso-
ethmoidal exposure, it is necessary to incise the periosteum 
on the deep side of the flap in the region of the nasal bridge.

ORBITAL DISSECTION

Subperiosteal orbital dissection can be more difficult in sec-
ondary corrections because of dense scarring and adherence 
of orbital tissue to periorbital structures. The correct plane of 
dissection is most easily established by starting from an unin-
jured part of the orbit and approaching the defect from all 
sides. To gain complete exposure of the orbital cavity, a 
number of structures must be divided, including several small 
vessels that run from the infraorbital bundle to the periorbita. 
Dissecting back along the orbital floor, using the infraorbital 
nerve as a guide, the surgeon comes across the contents of 
the inferior orbital fissure, which prevent further dissection 
in a posterior direction. There are no anatomical structures 
of importance running through the inferior orbital fissure, 
and its contents should be divided after careful coagulation 
with bipolar diathermy.

The orbital fissure can be followed posteromedially toward 
the apex of the orbit. At the anterior margin of the orbital 

restored, and to achieve satisfactory results, the precise shape 
of the orbit must also be reconstructed.

The orbit is classically described as an open pyramid with 
its apex posteriorly; however, the walls of the pyramid are not 
flat. The orbital floor behind the orbital rim is concave until 
a point just behind the equator of the globe, where it becomes 
convex, inclining upward at about 30 degrees and creating a 
retrobulbar constriction in the orbit. This arrangement com-
bines with a roughly 45-degree inclination of the floor from 
the lateral to the medial wall to produce a prominent postero-
medial and inferomedial bulge. This bulge behind the globe 
and adjacent to and on the medial side of the posterior extent 
of the inferior orbital fissure is a critical area in orbital recon-
struction. This posterior medial wall area is the region 
Hammer13 described as the key area (Fig. 27-14), and its 
reconstruction is essential in gaining anterior projection of 
the globe.

Reconstruction of these complicated, multiwall orbital 
defects is difficult. Essential to a satisfactory repair is ade-
quate exposure and dissection around the entire defect. 
Exposure in these cases is rarely sufficient through a lower lid 
approach alone. A transconjunctival incision with the addi-
tion of a lateral canthotomy allows far greater exposure of the 
orbital cavity, and a transcaruncular extension medially gives 
even greater exposure of the medial wall. These two exten-
sions of the standard transconjunctival incision still give 
access to only about two thirds of the circumference of the 

FIGURE 27-12  The small orbital defect is less than 2 cm2. 

Coronal Sagittal

Axial 3D
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apparent. If difficulty is experienced in freeing the defect, 
extra access can be gained by orbitotomies. Removal of a 
portion of the orbital rim improves visualization of the defect 
and access to it (Fig. 27-16), especially for posteriorly placed 
defects. A suitable plate is first shaped and temporarily fixed 
to the orbital rim to allow accurate repositioning of the 
segment at the end of the procedure. A portion of the orbital 
rim is removed with a fine saw or bur. In effect, an 
orbitotomy—a zygomatic fracture—may already have taken 
place. In cases of a combined fractured zygoma and orbital 
floor reconstruction, it is wise to complete the orbital floor 
dissection before reducing the zygomatic fracture.

BONE VERSUS ALLOPLAST IN 
RECONSTRUCTION

Once identified and fully exposed, the defect is often exten-
sive and has a complicated, three-dimensional shape. For 
these large and complex defects, the reconstructive material 
is rigid and dimensionally stable. The shape and contour of 
the material must be controlled to reconstruct the depression 
in the orbital floor immediately under the globe and the 
inferomedial bulge posterior to the globe’s equator. Recon-
struction of these areas with a flat material overcorrects the 
area under the globe and undercorrects the area behind the 
globe. The result is a globe that is elevated and enophthalmic 
(Fig. 27-17).

apex lies the orbital plate of the palatine bone. This structure 
is a key landmark14 in orbital reconstruction because it is 
frequently preserved after orbital trauma, and it represents a 
sound posterior bony ledge on which to rest a reconstruction 
(Fig. 27-15). After the anterior and posterior limits of the 
floor are established, dissection of the medial wall can take 
place. Division of the anterior ethmoidal artery high on the 
medial wall significantly improves access in this area.

If the periorbita has been perforated, orbital fat herniates 
through and bulges over the retractors on the medial and 
lateral sides, further hampering visibility. Two retractors are 
often more useful than one large malleable strip. The most 
useful retractor is fashioned by cutting a sheet of Silastic to 
the approximate dimensions of the orbit. This instrument is 
placed underneath normal malleable strips, preventing her-
niation of fat over the edge of the retractor.

After the defect has been identified, the herniated orbital 
contents must be freed and returned to the confines of the 
orbital cavity. In the acute setting, this can usually be achieved 
with little difficulty, but this task is much less readily accom-
plished in a secondary reconstruction. The surgeon often 
must resort to careful sharp dissection to release the orbital 
contents from the margins of the defect and adjacent perior-
bital tissues. This tissue can be surprisingly vascular, and 
thorough bipolar coagulation is required during dissection.

After the displaced orbital contents have been released, the 
true nature and extent of the orbital wall defects become 

FIGURE 27-13  The large orbital defect is larger than 2 cm2. 

Coronal Sagittal

Axial 3D
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Perioperative edema at the time of reconstruction can be 
misleading and can result in an underestimate of the degree 
of enophthalmos correction that has been achieved.

The other solution is to use a single piece of material that 
is correctly contoured to the shape of the orbital floor. 

One solution is to reconstruct the orbit with multiple 
layers of flat material. This can be achieved by starting with 
a flat bone graft that lies along the orbital floor and is held in 
place at the infraorbital margin. Additional layers of bone 
grafting can be added posterior to the globe to restore the 
inferior medial bulge. This method of using bone as graft was 
advocated by Hammer.13. In the correction of enophthalmos, 
overcorrection is considered to be the key to long-term 
success. Globe position changes after reconstruction. It is 
assumed that this reversion is related to resorption of bone 
graft material (about 30%), although some minor reduction 
in soft tissue volume is also likely after reconstruction. 

FIGURE 27-14  The inferomedial bulge, which Hammer13 describes 
as a key area, is shown in orange. 

FIGURE 27-15 The arrow indicates the orbital plate of the palatine 
bone.

FIGURE 27-16  Inferior orbitotomy. Removing a section of rim from 
the  inferior,  lateral, or superior aspect affords greater access  to and 
visibility of posterior defects. 

FIGURE 27-17  The error of using a flat plate. The plate position 
is marked in blue, and the ideal position of the orbital floor is marked 
in green. 
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surgical correction, better bony contact and good bone 
healing usually exist.

The principal problem in these cases is inaccurate reduc-
tion of the original bony injury, usually with rotation around 
the vertical axis of the zygomatic complex. Very small rota-
tional discrepancies can lead to significant changes in the 
orbital volume. This problem can best be visualized by looking 
at the lateral orbital wall behind the lateral rim. This substan-
tial piece of bone usually reduces well. Steps seen in this area 
indicate rotational discrepancies and an inaccurate reduction. 
The other common problem is fixation of the zygomatic arch. 
This is an area where mistakes are often made. It often is 
assumed that the arch is indeed an arch form and is therefore 
fixed with a gentle curve. However, on closer inspection, this 
is not the case. The zygomatic arch projects in a relatively 
straight line and is often fixed with too much of a curve. This 
shortening and overbending of the arch lead to outward rota-
tion of the zygoma, creating a defect in the lateral orbital wall, 
lack of anterior projection of the maxilla, and an increase in 
facial width.

In fracture repair, the reconstruction is essentially a jigsaw 
puzzle with all bony fragments present. After the fragments 
have been adequately reduced, they tend to fit nicely together 
and can be fixed in position to give a true anatomical reduc-
tion. This typically is not the case with secondary or delayed 
reconstructions. Soon after injury, the bone ends round off 
and change shape slightly. Small fragments may devitalize 
and subsequently resorb. The net effect of these changes is 
that simple reduction of the fragments (as in early fracture 
repair) does not lead to restoration of the original pre-injury 
state, and indeed, this may not be possible. The best orbital 
framework that can be achieved is produced by realignment 
of the fragments. This often results in small gaps, which can 
be spanned by plates or filled with bone graft to restore con-
tinuity (Fig. 27-19).

Exposure
In secondary corrections, wide exposure is essential to allow 
accurate three-dimensional reconstruction. Although a zygo-
matic osteotomy can be successfully achieved through local 
incisions alone in some simpler cases, a coronal flap usually 
is required to gain adequate exposure. This flap must be 
brought down sufficiently to expose subperiosteally the whole 
area involved in the original injury, exposing the entire zygo-
matic arch and the body of the zygoma. Some argue that to 
achieve the greatest accuracy in reconstruction and to gauge 
symmetry, the coronal flap should be reflected sufficiently to 
expose the contralateral zygoma for comparison. This extra 
exposure is not necessary if intraoperative navigation is used 
to verify the position of the fragments. In addition to the 
coronal flap, access is required to the area of the zygomatic 
buttress through an incision intraorally in the buccal sulcus 
and an incision to expose the infraorbital rim.

Careful planning of the approach to the orbital rim is 
required in secondary corrections. The choice of incision may 
be predicated by incisions used in previous operations, or 
there may be scars resulting from the original injury that can 
be used and revised at the same time. There may be existing 
problems of lower eyelid position as a result of the original 
injury, and some degree of shortening of the lower eyelid may 
exist. The incision used must take these factors into account 
and must not risk worsening the situation. For these reasons, 

FIGURE 27-18  The orbital  floor  plate  is  prebent  to  the average 
shape of the orbital floor. (© by Synthes) 

Re-creation of the complex curves and bulges of the orbital 
floor is impossible with a single piece of calvarial bone, but it 
can be done with titanium mesh. The mesh must be malleable 
enough to contour to the correct shape but rigid enough to 
allow insertion of the plate without distortion of the carefully 
contoured shape. A refinement is to construct the plate on 
the basis of the average shape of the orbital floor and medial 
wall (Fig. 27-18). These plates represent a significant advance 
because the inferior medial bulge is an inherent part of the 
plate design. The challenge that remains is positioning the 
plate correctly. This is difficult when substantial amounts of 
the medial orbital wall are missing, because there is no medial 
bony ledge on which to rest the reconstruction plate. In these 
cases, innovations such as intraoperative navigation can help 
to verify the plate’s position.

ORBITAL FRAME INJURIES: ZYGOMATIC 
FRACTURES

In all cases of orbital trauma repair, the first stage of treatment 
is reconstruction of the orbital skeleton. This concept applies 
equally to secondary repair, although there are significant 
added difficulties compared with the early management of 
these injuries. For example, the fractures have healed, and 
bony continuity has been reestablished. Osteotomies of the 
zygomatic complex are therefore required to mobilize the 
bony fragments and allow repositioning. The situation varies 
slightly between cases in which there has been no previous 
surgery and those in which there has been inadequate reduc-
tion in the past. In cases of no previous surgery, there may be 
gross dislocations of large fragments resulting in significant 
deformities of the zygomatic complex. There may be bony 
union or areas of fibrous union with soft tissues interspersed 
between bone fragments. In cases of previous attempts at 
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of chisels or a surgical saw may be used. Separation is achieved 
at the frontozygomatic (FZ) suture, the zygomatic arch, and 
the infraorbital rim. The cut at the infraorbital rim is extended 
downward to pass through the area of the zygomatic buttress 
being accessed at this point through the intraoral incision. 
The next step is to join the cuts at the infraorbital rim and 
the FZ suture. This is best achieved about 4 to 5 mm inside 
the orbital margin by means of a fine bur or osteotome.

It is often necessary to remove bone to allow correct 
realignment of the fragments, and this is particularly the case 
at the FZ suture. The amount of bone that needs to be removed 
can be calculated by measuring the degree of orbital dystopia 
against the uninjured side. With the FZ suture temporarily 
wired at the correct height, the zygoma is repositioned using 
the lateral orbital wall as a guide to avoid rotation. Straighten-
ing the zygomatic arch and comparing it with the contralat-
eral side helps to achieve a good position. The fragments are 
rigidly fixed with plates. Microplates usually are sufficient 
across the infraorbital rim, where there is considerable advan-
tage in their small size, but heavier plates are placed at the FZ 
suture, the zygomatic buttress, and across the zygomatic arch. 
To achieve stable fixation in three dimensions, fixation is 
placed at least at three points.

Because of the nature of these injuries, there are often gaps 
between the bone ends; although they can be bridged by 

very high subciliary or blepharoplasty incisions often are best 
avoided in secondary corrections. The choice of incision often 
rests between an infraorbital incision made transcutaneous 
close to the infraorbital rim and a lid swing approach. The lid 
swing approach starts with a lateral canthotomy and inferior 
cantholysis, releasing the lower eyelid. The lower eyelid is 
then retracted, allowing dissection posterior to the orbital 
septum. The aim of both approaches is to avoid scarring in 
the orbital septum, which causes middle lamellar shortening 
and lid lag. It is often better to complete the approach to the 
infraorbital rim before raising the coronal flap. Subperiosteal 
exposure of the zygomatic complex is required, and it may be 
more difficult in areas where there is tethering of the overly-
ing soft tissue to underlying fracture lines or plates. Areas 
where the overlying soft tissues have been damaged by the 
original injury may make elevation difficult.

Reduction
After full exposure of the injured area, the site and extent of 
the deformity are usually obvious. Even if there has been good 
bony healing, the original fracture lines are usually apparent. 
The fractures have to be re-created to allow repositioning of 
the fragments. Bony repair often is not fully consolidated, 
making it possible to open these fracture lines by prising them 
apart with an osteotome. If this is not the case, a combination 
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FIGURE 27-19  A,  The  preoperative  photograph  shows  the  malunited 
zygoma.  B,  Preoperative  imaging  shows  the  colored  components  of  the 
orbital  frame  ready  for mirror-image  transfer. C, Coronal access and com-
pleted osteotomy of the arch and lateral orbital rim. D, Postoperative result. 
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The first step is to mobilize the bony nasal skeleton, including 
the lacrimal crest and the canthal attachment. If it remains 
attached, the canthal insertion must not be stripped during 
the subperiosteal exposure, because a perfect re-creation of 
the normal anatomical configuration is rare. The nasal 
complex tends to telescope inside the frontonasal region, and 
reduction requires that the central nasal fragment be pulled 
out to full length. Fixation of the nasal root to the frontal bone 
can be achieved by means of miniplates; an inverted Y-plate 
often works well in this region (Fig. 27-21). Associated frac-
tures of the frontal sinus must be repaired first.

The nasal bones at the time of secondary repair often 
appear to have healed well but are splayed. Simple fixation of 
the central fragment would result in increased nasal width, 
militating against complete correction of the telecanthus. 
Nasal widening is accentuated by the often significantly 
increased soft tissue thickness in this area as a result of previ-
ous injury. To combat these problems, it is important to 
obtain as much skeletal narrowing as possible. If there has 
been extensive comminution, healing can result in the pro-
duction of considerable callus, which widens the nasal bridge. 
This callus must be reduced with a bur. A small plate can be 
placed horizontally across the bridge of the nose to compress 
the two sides into an acceptable shape. Surgeons claim that it 
is almost impossible to overcorrect traumatic telecanthus. If 
there is no large, central nasal fragment, bone grafting may 
be required to recontour the nasal bridge or to re-create the 
nasofrontal angle. Bone grafting may also be required to 
reconstruct the medial orbital wall and to provide a site to 
which the medial canthal ligament may be reattached. Cal-
varial bone grafts harvested from the outer or inner table of 
the parietal skull are ideal for these purposes and can be 
obtained through a surgical approach.

If there has been extensive comminution or loss of bone 
from the nasal area, it is reconstructed with the use of a strut 
graft cantilevered off the frontal bone. In cases of secondary 

plates, they should be filled with bone graft to ensure a 
smooth postoperative contour. Small, negative-contour 
deformities often remain after repositioning the zygoma, and 
they can be filled with bone chips or small onlays. Positive 
deformities can be smoothed with a bur.

NASOETHMOIDAL FRACTURES

The nasoethmoidal area poses some of the biggest challenges 
in secondary reconstruction. Small degrees of deformity, if 
symmetrical, may be acceptable, but any degree of asymme-
try is usually disfiguring and unacceptable to the patient. 
Although many patterns of fracture may present, they are 
traditionally classified according to the size of the central 
canthal-bearing fragment15:

• Type I fractures exhibit a large central fragment consisting 
of the entire medial portion of the orbital rim with the 
medial canthal ligament attached to it.

• Type II fractures show disruption of the inner orbital 
frame into several pieces, but with the ligament attached 
to a piece of bone of sufficient dimensions to allow direct 
fixation.

• In type III fractures, the central fragment is severely com-
minuted. There may be complete avulsion of the canthal 
ligament, or more commonly, it remains attached to a very 
small fragment of bone that is, however, too small to allow 
direct fixation.

There is some doubt about the correlation of this classifica-
tion with clinical outcomes, and it is not frequently used. For 
secondary corrections, the classification is less clinically rel-
evant because the fractures often have united.

Secondary deformity of the nasoethmoidal region mani-
fests as flattening and foreshortening of the nose, resulting in 
an upturned appearance of the nostrils. Traumatic telecan-
thus (Fig. 27-20) is cosmetically unacceptable because of 
increased spacing of the eyes and blunting of the canthal 
angle at the medial end of the palpebral fissure. There may be 
associated injuries to the frontal sinus or the lacrimal drain-
age system. A dacryocystogram is useful in the assessment of 
these injuries.16

In principle, the approach to secondary correction is 
straightforward: One mobilizes or refractures the fragments 
and fixes them in the correct position after reduction. 
However, practice is much more complicated than theory. 

FIGURE 27-20  Traumatic telecanthus. 

FIGURE 27-21  A Y-plate is used to stabilize the nasal bridge. The 
inferior limbs of the Y can be compressed to narrow the nasal bone, 
and if sufficiently posterior, the screw hole can anchor a suture passed 
through the medial canthus. 
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often difficult to obtain the correct angulation of the drill 
without interference from the globe.

After being passed through the nose, the canthopexy  
wires are fixed to a small plate or screw on the opposite  
nasal bone. If bilateral canthopexy is required, wires are 
passed from either side of the nose. Fixation in these patients 
was always difficult, and it used to be the practice to pass the 
wires back over the nasal bridge and twist the right and left 
wires together, producing a circumferential wire. With 
modern microplates, this is rarely required, and adequate 
fixation usually can be achieved. Tightening of the cantho-
pexy wires is continued while the intercanthal distance is 
measured to achieve a correct reduction. It is wise to overcor-
rect somewhat to allow for some relapse. Final tightening of 
the canthopexy is the last step in a secondary correction, 
because after the canthal attachment has been reestablished, 
access to the medial orbital wall and lacrimal system is 
impeded.

It is often prudent to support the canthopexy from the 
cutaneous surface. This can be achieved by the use of clear 
acrylic buttons. It is important not to overtighten the button, 
because there is a risk of skin necrosis. The clear acrylic 
makes surveillance for necrosis easier.

LACRIMAL SYSTEM DAMAGE

The lacrimal system is often damaged by midfacial and espe-
cially by nasoethmoidal trauma. Damage is best repaired 
early because the lacrimal system can become encased in 
dense scar tissue, making secondary repair very difficult. Lac-
rimal drainage may be problematic despite a patent system. 
This occurs when the medial eyelid is not in proper alignment 
with the lacus. Eyelid contraction and canthal malposition 
can be responsible for this problem. The lacrimal system is 
investigated with a dacryocystogram.13 Secondary repair by 
dacryocystorhinostomy is indicated, but it is technically chal-
lenging in the presence of often considerable scar tissue. The 
use of Lester Jones tubes is an alternative.

SOFT TISSUES

RECONSTRUCTION CONSIDERATIONS

Accurate repositioning of the bony elements of the zygoma 
and orbital rim does not lead to uniformly successful results, 
largely because of the overlying soft tissue drape. The soft 
tissue changes associated with severe bony injuries are often 
underestimated and militate against good results in secondary 
reconstruction. Soft tissue injury may be evident, with exten-
sive lacerations or degloving-type injuries. These injuries 
leave scars, but the more subtle soft tissue injuries often con-
tribute to secondary deformity. Tethering of the overlying soft 
tissue to areas of underlying bony injury may produce an 
obvious deformity. Displacement of the cheek fat pad pro-
duces obvious sagging of the face, with accentuation of the 
nasolabial fold and apparent flattening in the infraorbital area.

For esthetic reconstruction the soft tissue, all elements 
must be fully considered, and after completion of the bony 
skeletal reconstruction, the soft tissues must be redraped 
across the cheek. For the soft tissues to be mobilized suffi-
ciently to allow redraping, extensive subperiosteal dissection 

reconstruction, scarring and contraction of the overlying skin 
may render placement of a sufficiently large graft to provide 
the required contour difficult. There is always a danger of too 
large a graft perforating through the overlying skin, and care 
must be taken to avoid this complication.

MEDIAL CANTHUS DETACHMENT

Reattachment of the medial canthus is one of the most 
demanding aspects of secondary reconstruction. Proper 
reduction of telecanthus depends on accurate repositioning 
of the medial canthal ligament, and an understanding of the 
anatomy is crucial.17 The medial canthal ligament is a complex, 
three-dimensional structure, not a simple single ligament as 
is often imagined. The key to optimal canthal reattachment is 
appreciation of the fact that the true anatomical attachment 
is more posteriorly placed than is often realized. If the reat-
tachment is placed too anteriorly, a disappointing cosmetic 
result is obtained, with the medial palpebral angle distracted 
from the globe. This produces an unsightly asymmetry even 
though the true intercanthal distance may be correct.

The nature of the canthal detachment determines the tech-
nique used for reattachment. The canthus usually remains 
attached to a small fragment of bone, and with available 
microplates, it is possible to obtain fixation of this canthus-
bearing fragment to its anatomical position.18 If this can be 
achieved with a good degree of solidity, a stable result can be 
expected. Rarely, the canthus is avulsed from the bone and 
has no bony fragment attached to it, making identification 
and reattachment of the canthus difficult. To aid in the iden-
tification of the canthal ligament, the deep aspect of the inner 
canthal angle can be picked up with a fine dissecting forceps. 
When traction is placed on the forceps in a medial direction, 
the canthal angle is seen to move freely if the canthus has 
been correctly identified. If the medial end of the detached 
canthus remains elusive, it can be located near the lacrimal 
sac by passing a needle through the canthal angle and iden-
tifying it on the deep surface posterior to the lacrimal sac. A 
fine wire suture is passed through the canthus, and if the site 
is properly identified, pulling on this wire should pull the 
canthal angle in the desired direction and reduce the 
telecanthus.

If this test result is satisfactory, some form of canthopexy 
must be performed. It may be possible to perform a direct 
canthopexy, attaching the canthus to plates placed in the 
region of the anterior and posterior lacrimal crests. If there is 
a sufficiently substantial piece of bone in the correct position, 
tendon anchors may be used to attach the canthus.19 Both 
means of direct canthopexy have an advantage over the more 
traditional transnasal canthopexy in that it is somewhat easier 
to obtain posterior positioning of the canthal attachment. If 
there is insufficient bone, a transnasal canthopexy must be 
performed. The wire suture attached to the canthus is passed 
across the nasal skeleton, and fixation achieved on the con-
tralateral side.

The holes are positioned to allow passage of the wires 
through the nose to obtain the desired direction of pull on 
the medial canthus. Placement of the holes is aided by iden-
tifying any portion of the lacrimal crest or by referencing the 
contralateral side. The holes are made with a drill bur or nasal 
awl. The holes must be placed farther posteriorly than is often 
imagined. This can be technically challenging because it is 
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pull in one direction at the expense of a line perpendicular 
to it. In the case of a vertical scar running across the lower 
eyelid, this releases the downward pull leading to ectropion 
and converts the scar to run parallel to the lid margin.

The linear margins of the scar are outlined. A line is drawn 
from the superior and inferior ends of the scar at 60 degrees 
and in opposite directions. These lines should be equal to the 
vertical length of the scar. The old scar is excised by cutting 
round the markings, and the lines drawn are incised. The 
resultant skin flaps, when raised, produce two equal triangles. 
They are undermined widely until they can be transposed 
with ease and without undue tension. The delicate skin flaps 
must be handled with care to avoid damage to the skin margin. 
The flaps are sutured in position with 6-0 nylon sutures.  
The lower lid should be supported and placed under some 
tension by a temporary tarsorrhaphy or, more comfortably, 
by using a Frost suture taped to the brow. For longer vertical 
scars, two or more Zs can be placed along the vertical limb.

Skin Grafting
When the vertical shortening extends over a more diffuse 
area, skin grafting is the treatment of choice. In terms of 
functional and esthetic results, full-thickness grafts are pref-
erable to split-thickness skin in the lower lid area. The skin 
can be harvested with relative ease from the postauricular 
area. A horizontal incision is made parallel to and about 2 to 
4 mm below the lid margin. The incision is carried down to 
the depth necessary to release all scar bands and allow the 
eyelid to return to its normal position. A Frost suture is used 
to place gentle upward traction on the lower lid. A template 
is fashioned from a suture packet, and a full-thickness graft 
is harvested from the postauricular region. The graft must be 
thoroughly defatted before application. Meticulous hemosta-
sis is required before placing the graft, because hematoma 
formation beneath it will jeopardize survival.

The graft is best secured using 6-0 silk sutures spaced 
evenly around the margins of the defect. Alternate sutures are 
left long to secure a proflavine-soaked bolus tie-over dressing, 
which should remain in situ for 1 week. It is prudent to 
support the lower lid with a Frost suture for the first postop-
erative week.

Horizontal Laxity
Horizontal laxity of the lower lid may manifest medially or 
laterally (Fig. 27-22). It is the result of stretching of the medial 
or lateral canthal ligaments rather than elongation of the 
tarsal plate. Several procedures are available for correction of 
this problem, including a full-thickness wedge excision of the 
lower lid with primary closure. Rather than excision of a 
simple wedge, resection of a pentagon of tissue gives better 
results. A criticism of this procedure is that it can lead to 
blunting of the lateral canthal angle and does not address the 
underlying pathology of stretching of the lateral canthal 
tendon. The lateral canthal sling or tarsal strip procedure is 
most appropriate for these cases.

The procedure begins by making a lateral canthotomy with 
sharp scissors. It is deepened through the orbicularis until the 
lateral orbital rim is reached. The tip of a Freer elevator is 
placed just inside the lateral orbital rim, and the periosteum 
is exposed but not incised. By pulling the lower lid in a medial 
direction, the lower limb of the lateral canthal ligament can 
be felt as a tight band. The ligament is exposed and then 

is required to release any tethering. Deep-plane face-lift tech-
niques are used to resuspend the soft tissues in their correct 
position. Subperiosteal sutures are used anteriorly to anchor 
the cheek fat pads to the inferior orbital rim, and laterally, a 
superficial musculo-aponeurotic system (SMAS) plication 
gives support to the tissue over the lateral cheek. If a coronal 
flap has been raised to gain access, excess skin can be excised 
to tighten the soft tissues when final suturing takes place, as 
is done in a standard face-lift procedure.

Attention must be paid to the correct canthal position. The 
medial canthal position was previously discussed in terms of 
nasoethmoidal injuries, but the lateral canthal position is also 
important. Unlike the medial canthal ligament, whose attach-
ment is preserved if possible, the lateral canthal ligament is 
routinely detached when raising a coronal flap. This is done 
because it significantly increases exposure while being rela-
tively straightforward to reattach. The lateral canthal ligament 
should be reattached to the lateral orbital rim in a slightly 
overcorrected position. This is best achieved by drilling a 
small hole at an appropriate point in the lateral orbital wall 
and suturing the ligament to it with a non-resorbable suture.

Minor contour irregularities often remain after bony 
reconstruction. They are best managed by small onlay grafts.

EYELIDS

After orbital trauma, asymmetry of the eyes is one of the most 
obvious deformities. Changes in the width of the palpebral 
fissure, canthal malpositions, and lid abnormalities are imme-
diately noticeable.

Ectropion is a common lid problem. There are several 
possible causes of ectropion, but in the posttraumatic sce-
nario, cicatricial ectropion is the most likely. In addition to 
the esthetic deformity, several functional problems may arise, 
including drying of the eyes with corneal irritation and 
epiphora if the punctum is no longer in contact with the tear 
pool. Six elements of pathology may manifest in an ectropic 
eyelid: horizontal lid laxity, medial canthal tendon laxity, 
punctal malposition, vertical tightness of the skin, orbicularis 
paresis, and disinsertion of the lower eyelid retractors. One 
or more of these features may be present in any one lid. Accu-
rate identification of the underlying anatomical abnormality 
allows selection of the appropriate procedure for surgical 
correction.

Other than trauma, the most common cause of ectropion 
is vertical shortening of the anterior lamella, which pulls the 
eyelid away from the globe. Vertical shortening may arise 
from a single vertical scar crossing the lid margin. Scar con-
traction leads to ectropion, and there is often associated 
notching of the lower lid. Vertical tightness may result from 
contraction of surgical approaches to the lower lid. Infraor-
bital incisions are more prone to late ectropion than trans-
conjunctival approaches. Overenthusiastic suturing of the 
deeper layers is often responsible. It is recommended that 
only the periosteum over the orbital rim should be closed and 
then the overlying skin. Vertical shortening is best treated by 
Z-plasty or skin grafting.

Z-Plasty
A Z-plasty is used to release the tension in a scar and reorient 
the limbs of the scar in a more appropriate direction. The 
Z-plasty works by the principle of transferring tissue to reduce 
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divided. After cantholysis is performed, the whole lower lid 
becomes mobile. The ligament is grasped and put under 
tension while pulling laterally. Scissors are passed subcon-
junctivally, and the lower lid is divided along the gray line 
into anterior and posterior lamellae. The length of this inci-
sion in the gray line is determined by the amount of horizon-
tal laxity that requires correction. Skin, orbicularis, and 
conjunctiva are excised to the point where the new lateral 
canthus is to be fashioned. The newly fashioned lateral 
canthus is passed deep to the upper limb of the lateral canthus 
and reattached to the periosteum of the lateral orbital rim 
with a non-resorbable suture. There should be sufficient 
tension to slightly overcorrect the horizontal laxity. The liga-
ment should also be placed in a slightly more superior posi-
tion than normal to allow for some minor degree of stretching. 
The lateral canthotomy is closed with 6-0 nylon sutures  
(Fig. 27-23).

CONCLUSIONS

Secondary orbital deformities present some of the greatest 
challenges in the management of facial trauma. Advances in 
imaging and modeling have increased our understanding of 
the anatomy of these injuries and, together with develop-
ments in plating technology and materials, have helped to 
produce accurate skeletal reconstructions. However, results 
often are disappointing for the patient and surgeon. Limita-
tions mainly arise because of problems with the overlying soft 
tissues, which can shrink or become fibrosed and tethered. 
The challenge remains better management of the skin integu-
ment to reflect the accurate underlying reconstruction.
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FIGURE 27-22  Lateral ectropion and inferior displacement of the 
lateral canthus. 

FIGURE 27-23  Postoperative view shows  tightening of  the  lower 
lid and elevation of the lateral canthus. 
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Facial nerve paralysis is one of the most devastating 
peripheral nerve injuries, and patients with facial palsy 
suffer from massive functional and esthetic problems.

AIMS

For every patient, an individualized solution has to be made 
considering the underlying disease, the patient’s desire, age, 
and life expectancy. The aim must be to provide the patient 
with the best possible esthetic appearance of the face at rest 
and during motion. Usually, combinations of procedures have 
to be used. Static procedures alone aim at an improved 
appearance of the face at rest but fail to rehabilitate the patient 
when expressing emotions and for swallowing and speaking. 
Some static procedures improve the patient’s situation for a 
defined time period only.

ANATOMY OF THE FACIAL NERVE

Injuries of the facial nerve not only cause a paresis of the 
target muscles. Because the facial nerve is responsible for the 
range of facial expressions, injuries to the nerve cause serious 
disturbances in social life due to impairment in the transla-
tion of emotions to others.

The facial nerve is a mixed motor and sensory nerve with 
the main function of innervation of the muscles of voluntary 
facial expression. It originates from the homolateral facial 
nucleus in the caudal pons. Cortical projections to the facial 
nuclei pass through the internal capsule into the pons, where 
they diverge, innervating both the contralateral and the 
homolateral nucleus.

Autonomic fibers from the greater petrosal nerve reach the 
sphenopalatine ganglion and supply the lacrimal and nasal 
minor salivary glands. Next within the facial canal, the nerve 
to the stapedius muscle exits, followed by the chorda tympani 
nerve, which provides taste efference from the anterior tongue 
and secretor motor efference to the submandibular gland 
approximately 5 mm proximal to the stylomastoid foramen.

Because the facial nerve travels through the labyrinthine 
segment of the facial canal and the greater petrosal nerve 
(exiting anteriorly) and the geniculate ganglion resides ante-
rior to the somatic motor fibers, turning at the first genopos-
teriorly into the tympanic or horizontal segment, the facial 

canal is smallest in diameter in this segment (Fig. 28-1). More 
than 90% of facial nerve injuries from blunt temporal bone 
trauma occur in this region as a result of the traction forces 
exerted by its three branches.1-3

Lesions proximal to the meatus and within segments of 
the fallopian canal cause disturbances of tear and saliva pro-
duction and taste sensation, impairment of the stapedius 
muscle, and various patterns of facial paralysis. Lesions distal 
to the stylomastoid foramen result in selective dysfunction of 
the facial muscles.

At the exit from the stylomastoid foramen, the facial nerve 
divides into the temporofacial and the cervicofacial branches 
(see Fig. 28-1). At the pes anserinus, five classic distal 
branches: temporal, zygomatic, buccal, mandibular, and cer-
vical. The temporofacial branch anastomoses with the auricu-
lotemporal nerve (cranial nerve V3) and divides into branches 
destined for the cutaneous muscles of the skull and face. It 
leaves as the:

• superior buccal branches (buccinator, upper part of the 
orbicularis oris muscles).

• infraorbital branches (greater and lesser zygomatic 
muscles, levators of the upper lip and nasal alae, transverse 
and dilator nasal muscles).

• frontal and palpebral branches (palpebral part of the orbi-
cularis oculi, frontal part of the epicranius muscles).

• temporal branches (muscles of the outer aspect of the 
external ear).

After the anastomosis of the cervicofacial branch with the 
auricular branch of the cervical plexus, the branch divides 
into several others in the region of the mandibular angle:

• Inferior buccal branches (lower half of the orbicularis oris 
muscle)

• Cervical branch (platysma)

FUNCTIONAL PROBLEMS

CAUSES OF INJURIES

Unilateral palsy or paralysis of the face can be divided into 
damage above the upper motor neuron and damage involving 
the lower motor neuron and its distal termination on the 
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Under these conditions, immediate microsurgical repair, 
including the use of grafts, is indicated. Resection of malig-
nant parotid gland or skull base tumors may necessitate resec-
tion of branches of the facial nerve or the nerve itself. It must 
be decided on an individual basis whether a primary recon-
struction of the facial nerve using nerve grafts is indicated. In 
trauma situations with obvious separation of the facial nerve 
or its branches, an immediate coaptation must be performed. 
If during primary trauma care, injury is only suspected or not 
proved, an expectant attitude should be preferred.

INVESTIGATION OF FACIAL NERVE FUNCTIONS

In the clinical investigation of a patient with a facial palsy, 
determination of onset characteristics is very important. In 
patients with Bell’s palsy, an acute onset (e.g., on waking in 
the morning after normal facial motion the night before) is 
typical. Sudden onset may also be present in infectious or 
inflammatory conditions affecting the facial nerve (e.g., 
herpes zoster oticus, multiple sclerosis). Patients with tumors 
usually demonstrate progressive paresis over long periods 
with initially mild symptoms (e.g., weakness of the labial 
depressor muscle).

In trauma patients, a delayed onset of facial palsy carries 
a significantly better prognosis than immediate onset.2 

facial musculature. Supranuclear palsy spares the frontalis 
muscle because of the bilateral innervation of the nucleus 
from both cerebral hemispheres. In these supranuclear 
palsies, the facial involvement is often the most minor part of 
the patient’s problems.

Lesions of the lower motor neuron usually involve the 
entire face. Nuclear lesions usually involve adjacent brainstem 
structures (abducens, trigeminal nerve). The part of the nerve 
most commonly damaged appears to lie within the facial 
canal and at each end of the canal.

The largest etiological category of facial palsy is idiopathic 
facial palsy (Bell’s palsy), which is often diagnosed by exclu-
sion of other etiologies.3 It is characterized by a rapid onset 
of unilateral facial palsy including movements of the fore-
head, orbicularis oculi, perioral muscles, and platysma. 
Defective taste sense (anterior two thirds of the tongue) and 
hyperacusis may additionally be present. The etiology of Bell’s 
palsy is unknown. There are a number of other causes of facial 
nerve palsies, which are listed in Box 28-1.

Central upper facial nerve injuries may occur as a result of 
tumor surgery at the cerebellopontine angle or from skull 
base fractures or trauma.4,5 In its extracranial course, the 
facial nerve is most often injured by sharp lacerations. 
However, the most frequent cause of injury is iatrogenic, 
occurring during resection of tumors in the parotid gland. 

FIGURE 28-1  Schematic  drawing  of  the  facial  nerve.  1,  Facial  nerve.  2,  Geniculate  ganglion. 
3, Greater petrosal nerve. 4, Stapedius branch. 5, Chorda tympani. 6, Sphenopalatine ganglion. ICA, 
internal carotid artery; LPN, lesser petrosal nerve. 
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Associated symptoms may also indicate certain diseases. Oral 
pain, respiratory infections, and hearing loss may accompany 
acute otitis media, whereas initial fever, arthritis, and neu-
ropathies may be indicative of Lyme disease. Herpes zoster 
oticus shows typical additional symptoms (i.e., vesicular 
eruptions, severe pain).

Temporal bone neoplasms may cause other cranial nerve 
involvements (cochlear/vestibular nerves and cranial nerves 
IX, X, and XI → jugular foramen; cranial nerves V, VI, and 
VII → temporal bone). Lesions of the second, third, fourth, 
and sixth cranial nerves may suggest multiple sclerosis.2

First, a careful observation of voluntary facial movements 
is undertaken. The symmetry of forehead wrinkling is inves-
tigated when the patient is asked to raise the brows. A func-
tioning orbicularis oculi muscle allows for complete closure 
of the eyelids and absence of visible upward rotation and 
exposure of the sclera (Bell’s phenomenon).

A forced wide smile distinguishes symmetries of the  
perioral muscles depending on the buccal and marginal  

BOX 28-1 Causes of Facial Nerve Palsy

Congenital
Moebius syndrome (congenital nuclear aplasia) (possibly + palsy of external 
rectus muscles)
Myotonic dystrophy
Melkersson-Rosenthal syndrome + lingua plicata, swelling of the face/upper lip
Congenital cholesteatoma/congenital facial nerve palsy

Neurological
Myasthenia gravis
Multiple sclerosis
Guillain-Barré syndrome

Neoplastic
Facial nerve tumors (schwannoma, neurofibroma, neurogenic sarcoma)
Glomus tumors (glomus jugulare/tympanicum)
Others (meningioma, acoustic neuroma)
Parotid tumors
Temporal bone/external auditory canal tumors

Infectious
Otitis media
Bacterial causes (diphtheria, tuberculosis)
Viral causes (herpes zoster oticus, mumps, infectious mononucleosis)

Other Causes
Toxic
Metabolic
Idiopathic

Iatrogenic
Parotidectomy
Rhytidectomy
Lateral skull base surgery

Traumatic
Temporal bone fractures (longitudinal, transverse)
Penetrating trauma (gunshot)
Facial lacerations
High altitude palsy

mandibular branches. Comparison of the depth of the naso-
labial folds and the symmetrical contraction of the platysma 
muscle is also important. The Schirmer test measures tear 
production over a 5-minute period.

Objective methods of determining the secretory function 
of the parotid and submandibular glands exist. Pure taste 
sensation may be investigated by using samples of sweet, 
bitter, acid, and salty substances on the anterior tongue. An 
audiological investigation may reveal the dysacusis caused by 
a nonfunctional stapedius muscle, which usually moves the 
tympanic membrane inward for sound absorption. Labora-
tory tests of sedimentation rate, treponemal antibody titer, 
and Lyme disease titer are scheduled. High-resolution com-
puted tomography (CT) is indicated for patients with sus-
pected temporal bone disease (e.g., skull base fracture). 
Magnetic resonance imaging (MRI) is indicated to detect 
lesions at the cerebellopontine angle. The typical symptoms 
of facial nerve injuries are listed in Box 28-2.

The House-Brackmann classification is often used  
for rating facial palsy. Grade I refers to normal function 
without weakness; slight facial asymmetry with a minor 
degree of synkinesis is classified as grade II. Obvious but  
not disfiguring asymmetry (e.g., with contracture or hemifa-
cial spasm but residual forehead movement) is judged  
as grade III. Grade IV represents obvious, disfiguring asym-
metry with lack of forehead motion and incomplete eye 
closure. Asymmetry at rest and only slight facial movement 
is rated as grade V. Complete absence of tone or motion is 
grade VI.6

Electromyography (EMG) and electroneurography are 
routinely employed. In cases of acute injury, nerve excitability 
tests are used, but normal results are less reliable than abnor-
mal results, because functional deficits may occur at a later 
time. EMG analyzes the function of the muscles during 
needle insertion and gives information on the existence of 
spontaneous activity (action potentials) arising from volun-
tary muscle contraction. Spontaneous activity indicates a 
pathological process within the nerve, whereas fibrillation 
potentials may be a sign of nerve disruption.

During evoked EMG, a supramaximal stimulus is applied 
at the skin surface near the stylomastoid foramen. Intact 
axons will provide action potentials that can be recorded 
distally. In facial nerve injury, the amplitude of the action 
potential is defined as a percentage of the amplitude on the 
normal side. Magnetic transcranial and electrical stylomas-
toid stimulation procedures allow for differentiation of lesions 
and distinction between central and peripheral facial nerve 
palsies.7,8

PRINCIPLES

SURGICAL MANAGEMENT

If the distal facial nerve branches and musculature are intact, 
reinnervation from the proximal facial nerve is ideal. Rein-
nervation using another motor nerve may be indicated if the 
proximal facial nerve cannot be identified. Cases with partial 
return of nerve function are always problematical. The risk of 
destruction of functional nerve branches during surgery must 
be weighed against the possible advantages of reconstructive 
procedures.
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BOX 28-3 Steps in Staged Facial Reanimation

1. Early Reconstruction:
Direct nerve suture
Interpositional graft
Lid loading
(Additional soft tissue procedures)

2. Early/Delayed Reconstruction (Eventual Impossibility of Performing 
Step 1):
Hypoglossal/facial jump anastomosis
Lid loading
Cross-face nerve suture
Masticatory muscle transfer
(Eyebrow lift/nasolabial fold creation/eyebrow lift)

3. Late Reconstruction:
Mimic musculature existing
Hypoglossal/facial jump anastomosis
Lid loading
Cross-face nerve suture
Mimic musculature not existing
Microvascular muscle transfer
Temporalis muscle transfer (nasolabial fold creation/eyebrow lift/face-lift)

BOX 28-2 Typical Symptoms of Different Facial 
Nerve Injuries

Complete peripheral facial paralysis:
• Ipsilateral forehead: absence of frontalis function
• Brow ptosis
• No closure of upper eyelid
• Drooping of lower eyelid
• In closing the eyelids, the globe rotates upward, resulting in a visible 

sclera (Bell’s phenomenon)
• Absence of nasolabial fold; corner of mouth droops downward
• Generalized flattening of the face

Central facial paralysis (cerebral vascular accident; tumor above the level of the 
facial nucleus):
• Function of frontalis muscles and orbicularis oculi preserved (uncrossed 

fibers maintain innervation to the upper face)
• Bell’s phenomenon not present
• Involuntary expression of emotion often preserved

Lesion of the facial nucleus in the pons:
• Symptoms like those of peripheral paralysis
• Tear and saliva production preserved
• Taste sensation of the anterior two thirds of the tongue preserved 

(intermedial nerve enters the facial nerve caudally)
Facial nerve lesions at the cerebellopontine angle cephalad to internal auditory 

meatus (i.e., acoustic neuroma):
• Complete peripheral facial paralysis
• Tearing, salivation, and taste often abnormal (intermedial nerve 

approaches the internal auditory meatus)
• Stapedius muscle function impaired

Facial nerve lesion caudal to the geniculate ganglion, cephalad to the nerve 
stapedial branch:
• Complete peripheral facial paralysis (e.g., lesion at the internal auditory 

meatus)
• Exception: lacrimal gland production preserved (greater petrosal and 

sphenopalatine ganglion)
• Lesions between the stapedial nerve and the chorda tympani: normal 

tear production, normal stapedial muscle function with complete periph-
eral facial paralysis

• Lesions caudal to the chorda tympani: peripheral extracranial paralysis
Facial nerve lesion at the stylomastoid foramen:

• Complete peripheral nerve paralysis (no disturbance of tear/saliva pro-
duction, taste, stapedius muscle function)

Lesions occurring within the confines of the parotid gland:
• Selective paralysis of voluntary motor functions
• Paralysis of temporal branch: asymmetrical motion of the forehead, some 

dysfunction of the upper and possibly the lower eyelid
• Paralysis of zygomatic branch: paralysis of the muscles zygomaticus 

major, zygomaticus minor, levator anguli oris, levator superioris—
impairment of smile

• Paralysis of buccal branch: buccinator muscle, orbicularis oris muscle 
distortion—buccozygomatic connections make complete branch dys-
function rare

• Paralysis of mandibular branch: innervates muscles triangularis, risorius, 
quadratus labii inferioris, mentalis, orbicularis oris—asymmetry of smile, 
affected commissure pulled upward and internally rotated

• Paralysis of cervical branch: innervation of platysma, little functional loss 
in cases of injury

The following basic strategies are applied most frequently 
for surgical correction of facial paralysis and its sequelae.

In light of the types of nerve injury and the general chance 
of a spontaneous regeneration in neurapraxia and axonotme-
sis, exact information about the mechanism of the facial 
nerve injury is mandatory. In cases of a sharp transection in 
the absence of significant adjacent soft tissue trauma or infec-
tion, immediate primary management by a well-trained oper-
ating team may be indicated.

Often, it is not known what type of nerve injury is present. 
Although peripheral dissected facial nerve branches may be 
identified under magnification or with electrical stimulation, 
the clinical consequences of these injuries often cannot be 
judged immediately. Therefore, during primary wound 
closure, suspected branches of the facial nerve are marked 
with non-resorbable sutures. The suture material is posi-
tioned at the external wound surface to help identify the 
nerve fibers at a later stage. This allows assessment of the 
clinical consequences of a nerve injury and performance of 
micronerve anastomosis under sterile conditions. Primary 
nerve grafting procedures are avoided.

Nerve reconstruction is performed immediately or within 
2 months after the injury through the use of direct nerve 
coaptation or placement of a nerve graft.

Reconstructions of the facial nerve are limited by the 
atrophy of the musculature that occurs 6 to 12 months after 
the injury. Reanimation procedures such as faciofacial and 
7th-to-12th nerve (VII-XII) anastomosis are performed not 
earlier than 6 to 12 months after the trauma. In long-standing 
facial nerve palsy, muscle grafts are often necessary due to the 
increasing atrophy of the facial muscles. A suggested algo-
rithm of a staged facial reanimation is shown in Box 28-3 
(modified after Volk et al.9).

Microsurgical Techniques
In all microsurgical techniques for facial nerve reconstruc-
tion, attempts should be made to get impulses from the 
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anteriorly. Then, the approximately 2-mm-thick facial nerve 
stump is identified with the help of a nerve stimulator. The 
division into its main branches usually occurs after 1 cm. 
With a small trunk scissors, the tissue overlying the nerve is 
dissected away from the nerve and elevated. With a second 
scissors, this tissue is transected. In this manner, the branches 
are traced into the periphery of the gland. Among the periph-
eral branches, the marginal branch may be identified most 
easily. It lies lateral to the superficial neck fascia and crosses 
the facial artery and vein. Via the submandibular skin inci-
sion, it can be identified at the lateral surface of the subman-
dibular gland and then traced dorsally.

At the superior border of the parotid gland, the temporal 
and zygomatic branches leave the parotid gland and are iden-
tified below the zygomatic arch in the subcutaneous tissue. 
The buccal branches are found cranial to Stensen’s duct.

After identification of the nerve branches, the first  
procedure in surgical intervention is external neurolysis  
with preparation of the tissue surrounding the nerve and 
resection of the scarred perineurium. If the nerve itself is 
scarred, intraneural neurolysis is performed to remove cica-
tricial compression of the nerve fiber bundles caused by an 
epineural or paraneural scar. Healthy perineurium is left 
intact so as not to interrupt the blood supply to the individual 
nerve bundles and the exchange of fibers among the various 
fascicles.

After neurolysis, the nerve is moved away from the scar 
tissue bed and placed into healthy tissue to avoid further scar 
formation.

Direct Nerve Suture Nerve Grafts
If the nerve is interrupted, direct suturing of the nerve stumps 
may be performed without tension. Because the facial nerve 
is monofascicular or oligofascicular at its central aspect, with 
polyfascicular branches, we do not perform an interfascicular 
preparation and suture. The main trunk of the facial nerve 
and the small distal branches are repaired by placement of 
epineural sutures, which are technically easier and provide 
less surgical trauma to the inner nerve structures. Depending 
on the nerve diameter, two, four, or six 10-0 nylon sutures are 
applied.

In nerve coaptation, fibrous tissue proliferation at the 
sutured area may endanger axons arising from the central 
nerve stump and may impair penetration of the axons into 
the distal stump. Axons that have already regenerated may be 
compromised by scar formation. Fibrous tissue formation 
may be initiated by traumatization of the nerve ends, inter-
positioning of blood clots between the nerve stumps, or appli-
cation of tension.

Because the epineural fibroblasts proliferate faster than the 
fibroblasts in the Schwann cells of the endoneural space, the 
epineurium at the central nerve stump may be carefully 
diminished. The protruding axons are cut to prepare a smooth 
nerve surface and facilitate adaptation of the stumps.

With a saw-type scissors, the nerve is cut in a definitively 
uninjured area, and an eventually existing neuroma is 
resected. The epineurium is shortened, and after further trim-
ming of the axons, the needle is passed superficially through 
the fibrous tissue sheath (epineurium/perineurium). The 
knots are cut short to avoid foreign material reactions in the 
vicinity of the sutures. Torsion of the nerve stumps must be 
avoided (Fig. 28-3).

ipsilateral facial nerve, such as by a surgical preparation of 
the nerve out of the tumor or by the use of nerve grafts. If 
these possibilities do not exist, other procedures (e.g., VII-XII 
procedures) may be considered.

In cases of primary or early secondary nerve reconstruc-
tion after a defined injury, direct identification and prepara-
tion of the nerve stumps is usually possible. Coaptation or 
grafting techniques can then be performed easily.

In secondary microsurgical nerve repair, exploration  
of the site of the lesion and the stumps of the facial nerve 
always follows a certain order, especially in cases of peripheral 
facial nerve palsies in which the extent of the injury is 
uncertain.

It is easy to identify the facial nerve stumps that have been 
marked with sutures beforehand. In older secondary lesions, 
this is not possible, and in these cases, the first step is the 
systematic preparation of the extratemporal course of the 
central facial nerve.9-13 The identification of the nerve at the 
stylomastoid foramen is the approach of choice, and tracing 
the nerve back from the periphery should be attempted only 
if the central approach is not possible.

The preauricular skin incision runs in an anteriorly curved 
fashion into the submandibular neck fold. The skin can then 
be dissected away from the fascia of the parotid gland. The 
cartilaginous auditory canal and the pointer, anterior to the 
tragus cartilage, are identified. The main trunk of the facial 
nerve lies approximately 1 cm caudal to that pointer at the 
transition level between the cartilaginous and the osseous 
auditory canal. If the origin of the sternocleidomastoid 
muscle at the mastoid and the biventer muscle are addition-
ally prepared, the facial nerve trunk will be found to lie 
cranial to the angle created by these two muscles (Fig. 28-2).

For further preparation, the fibrous tissue fibers between 
the parotid gland and the osseous auditory canal are sepa-
rated step by step, and crossing vessels are carefully coagu-
lated. Fatty tissue cranial to the facial nerve is mobilized 

FIGURE 28-2  Identification  of  the  facial  nerve.  1,  Facial  nerve. 
2, Temporofacial branch. 3, Cervicofacial branch. 4, Digastric muscle. 
5, Styloid process. 6, Cartilaginous pointer. 
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anastomoses in the periphery to the distal branches of the 
facial nerve (Fig. 28-6).

From the main trunk, three grafts may be placed to the 
main distal branches. Also, two grafts may be coapted to the 
upper and lower branches, bypassing the central branches to 
prevent mass movements of the midface. In cases with poten-
tial malignant neural invasion, the contralateral greater auric-
ular nerve may be used.

Immediate nerve grafting gives the best functional results.10 
The postoperative results after facial nerve reconstruction 
correlate with the delay between trauma and reconstruction 
(Tables 28-1 and 28-2).

Hypoglossal/Facial Jump Anastomosis
If a direct nerve suture is not indicated, another motor nerve 
may be chosen as a donor motor nerve. In most cases, the 
hypoglossal nerve is selected; it can easily be detected under-
neath the intermediate tendon of the biventer muscle. The 
nerve is traced dorsally onto the surface of the carotid artery. 
Classic techniques recommend a total resection of the nerve 
distal to the descending branch. The complete hypoglossal 
nerve stump is then coapted to the peripheral facial nerve 
stump (Fig. 28-7).

The hypoglossal/facial nerve anastomosis may cause  
additional functional problems for the patient. Tongue  
atrophy with functional disturbance of swallowing, speech, 
and mastication may occur after complete interruption of the 
hypoglossal nerve. Therefore, tongue-sparing techniques 
involving modified coaptation using the descending branch 
or splitting of the hypoglossal nerve are favored.11 The hypo-
glossal nerve may be only partially severed so that only one 
third or one half of the nerve is coapted with the nerve 
graft.12,14-17

Cross-face Grafts
Reinnervation of the paralyzed side with a cross-face nerve 
graft requires division of facial nerve branches on the undis-
turbed side to serve as axon donors. The donor branches are 
chosen from the buccozygomatic region, which has extensive 
crossbranching, rather than the single temporal or marginal 
mandibular branches. Careful selection of redundant buc-
cozygomatic branches of the facial nerve on the normal side 
avoids impairment of the motions of eye closure, smile, and 
pucker.

Between 30% and 40% of the healthy facial nerve branches 
are severed and coapted to corresponding peripheral branches 
of the paralyzed side with sural nerve grafts of adequate 
length. The advantage of the procedure is the emotional cor-
relation of both sides of the face.

The cross-face procedure may be performed along with 
the grafting procedure on the healthy side, with a coaptation 
to the paralyzed facial nerve branches performed 4 months 
later. More often, however, the procedure is performed as a 
single stage.

After cross-face nerve grafting, transient weakness of the 
risorius and zygomatic muscles on the healthy side is 
observed, but movement of the normal hemiface does not 
appear to be permanently affected.18 Particularly in cross-face 
grafts, the degree of recovery is critically dependent on the 
time elapsed since onset of the facial palsy.19 However, clinical 
experience shows that not all expectations about ideal sym-
metrical function coordinated with the healthy side are 

Nerve Grafts
End-to-end coaptation can be performed only after sharp 
injury of the facial nerve. After tumor resection of malignant 
parotid tumors, larger nerve defects necessitate nerve graft-
ing; this is also required in cases of secondary posttraumatic 
defects after resection of neuromas. Appropriate donor sites 
must be easily accessible and must cause minimal donor site 
morbidity.

The great auricular nerve can easily be found below the 
auricle on the external surface of the sternocleidomastoid 
muscle.

The sural nerve can be exposed by an oblique incision 
behind the lateral malleolus. After exposure of the sural 
nerve, its further course is identified by pulling the nerve and 
palpating in the proximal direction. Through additional hori-
zontal incisions at intervals of 6 to 8 cm, the nerve can be 
followed to the area below the knee. The proximal end is cut, 
and the nerve is mobilized at its distal side. In this way, long 
grafts that are suitable for cross-face grafting can be harvested 
(Figs. 28-4 and 28-5).

The technique of aligning the stump of the recipient  
nerve with that of the transplanted nerve is similar to end- 
to-end suturing. If the cross-sections of the stumps of the 
recipient and transplanted nerves are of different size, it is 
possible to use two or even more grafts for bridging. Particu-
larly in reconstruction of the branches of the facial nerve,  
the distal diversions of the sural and great auricular nerves 
allow for one central nerve anastomosis and several 

FIGURE 28-3  Perineural  suture  technique.  If  an  epineural  suture 
technique is chosen, the epineurium is not stripped back. The fascicles 
are trimmed before the anastomosis is performed. 

Facial nerve stump

Perineural suture
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grafts are contraindicated or not indicated in patients with 
limited life expectancy. Disadvantages of muscle transposi-
tion are the limited direction of movements and the require-
ment for exercise and self-control.22

The masseter muscle is approached by a preauricular face-
lift incision. The anterior part of the muscle, pedicled crani-
ally and with preservation of the trigeminal nerve fibers 
entering the muscle posteriorly, is sharply dissected from the 
lower border of the mandible to provide an adequate length 
of the muscle to be transferred. A tunnel is dissected, the 
muscle is divided and inserted near the modiolus. The mas-
seter muscle parts may be coupled to the healthy half of the 
orbicularis oris muscles by means of a tendon graft.22 Eventu-
ally, an additional nasolabial fold can be created. Bleeding 

fulfilled, probably also related to a progressive atrophy of the 
mimic musculature.

After cross-face nerve grafting performed before trans-
plantation of a pectoralis minor muscle graft, the number of 
regenerating axons was not correlated with age, nor with 
regeneration time. Lack of a distal connection did not appear 
to lead to secondary degeneration of the regenerated myelin-
ated fibers, which remained in an immature state for 
months.13,20,21

Transposition of Masticatory Muscles
Transposition of masticatory muscles may be considered as a 
single step or in combination with other procedures. This 
procedure may become necessary if microvascular muscle 

FIGURE 28-4  A and B, Harvesting of a sural nerve graft. Incision of the skin at the external surface 
of the lower leg 1 cm dorsal to the lateral malleolus. After identification of the sural nerve medial to the 
peroneal  artery,  the  nerve  is  traced  cranially.  According  to  the  length  of  the  graft  required,  several 
additional  horizontal  incisions  are  performed.  1,  Sural  nerve.  2,  Short  saphenous  vein.  3,  Peroneal 
artery. 
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FIGURE 28-5  Harvesting of a great auricular nerve graft. A vertical 
incision  is made  lateral  to  the  sternocleidomastoid muscle. 1, Great 
auricular nerve. 2, Transverse cervical nerve. 3, Sternocleidomastoid 
muscle. 

1

2

3

FIGURE 28-6  Coaptation of  two sural nerve grafts at  the central 
stump  of  the  facial  nerve  with  peripheral  splitting  of  the  grafts  for 
anastomosis with  the  facial nerve branches. 1, Central  stump of  the 
facial nerve. 2, Grafts. 3, Peripheral branches of the facial nerve. 
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TABLE 28-1 Functional Results after 
Microneurosurgical Reconstruction of 
the Facial Nerve*

Patient No. Int. T/R t (months) Technique Outcome (Points)†

1 2 mo 77 Graft 75
2 — 58 Graft 100
3 48 mo 66 Graft 60
4 5 days 105 Graft 72
5 5 days 24 End-to-end 83
6 — 48 Graft 75
7 36 mo 104 Graft 30
8 12 mo 18 VII–XIIn 72
9 7 mo 51 VII-XIIn 30

Int. T/R, interval between trauma and reconstruction; t, time from reconstruction to follow-up 
investigation; T, technique; VII-XIIn, 7th-to-12th nerve anastomosis.
*Results were evaluated according to the modified method of Fisch and Rouleau.44

†Outcome: 30-50 points = poor result; 51-70 points = moderate result; 71-90 points = good 
result; 91-100 points = normal facial nerve function.

TABLE 28-2 Photographic Evaluation after 
Reconstruction of the Facial Nerve  
(N = 9)

Score Rating No. of Patients %

91-100 Excellent (normal) 1 11.1
71-90 Very good 5 55.6
51-70 Good 1 11.1
30-50 Moderate 2 22.2
≤29 Bad 0 0
TOTAL 9 100

FIGURE 28-7  Schematic  drawing  of  hypoglossal/facial  nerve 
anastomosis.  First  the  anterior  border  of  the  sternocleidomastoid 
muscle is identified. The hypoglossal nerve is identified underneath the 
biventer muscle;  its proximal segment crosses  the carotid artery. The 
hypoglossal  nerve  is  sectioned  after  the  parotidectomy  incision  is 
extended into the submandibular fold. 1, Facial nerve. 2, Hypoglossal 
nerve. 3, Biventer muscle. 
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folded over the zygomatic arch, and in selected cases the arch 
must be trimmed or resected. Again, an overcorrection 
should be considered. An external splint for support of the 
angle of the mouth may be applied23 (Fig. 28-9).

Free Vascularized Muscle Grafts
The main indication for microneurovascular free muscle 
transplantation is in cases of facial paralysis in which primary 
or secondary nerve repair is not likely to produce a successful 
result (e.g., if the facial muscles have severely degenerated). 
Other indications are mainly unsuccessful procedures with 
nerve grafting or local muscle transposition.

must be controlled carefully. An overcorrection should be 
intended. This fold and its incisions may be used for perioral 
fixation of the muscle slips (Fig. 28-8).

The temporalis muscle transposition is performed via a 
preauricular incision that extends superiorly into the tempo-
ral area of the scalp. The incision is carried down to the 
temporal muscle fascia. The middle or central portion of the 
muscle is used. Fascia, muscle, and periosteum with a cranial 
extension of the periosteal incision are used. Additional mat-
tress sutures may reinforce muscle, periosteum, and fascia. 
The attached fascia-periosteum is divided into two slips. They 
are inserted through a tunnel according to the preoperative 
measurements and the smile pattern. The muscle sling is 

FIGURE 28-8  A, Face-lift  incision  for  soft  tissue suspension. A preauricular  incision  is  led around 
the earlobe and retroauricularly continued under or into the hairline. B, After elevation of the skin, the 
masseter muscle can be identified for transposition of the anterior part of the muscle. Also, the temporal 
muscle can be approached and transposed via a cranial extension of that incision. C, Schematic drawing 
of the masseter muscle. The anterior part of the muscle is divided. D, The anterior part is elevated and 
fixed into the newly created nasolabial fold. It also can be extended with the fascia lata strip into the 
perioral region. 

Transposed
Masseter muscle

Nasolabial incision

Division of anterior part 
of Masseter muscle

A B
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complex reanimation procedures of the face. The latissimus 
dorsi muscle is used for substitution of the zygomatic and 
levator labii muscles, whereas the serratus anterior segment 
is used for substitution of the depressor labii muscles.

Today, the gracilis muscle is regarded as the graft of  
choice because it is relatively easy to harvest, has great  

The first clinical application of vascularized gracilis muscle 
grafts was described by Harii et al. in 1976.24 A great variety 
of muscle grafts, including pectoralis minor, latissimus dorsi, 
rectus abdominis, extensor digitorum brevis, and abductor 
hallucis longis, have been described for reconstruction in 
long-standing facial palsies. These muscle grafts also allow for 

FIGURE 28-9  A,  Transfer  of  the  temporalis  muscle  via  a  preauricular/coronoid  incision.  B,  The 
muscle is raised with the fascia and the periosteum. C, The muscle and fascia transition may be rein-
forced with mattress sutures. 

A

B C
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versatility, and leaves no donor site problems. Most often,  
the gracilis muscle is used in the standard two-stage  
procedure, with cross-face nerve grafting performed 6 to 12 
months before muscle transplantation. The main indication 
for (gracilis) muscle transplantation is for recovery of the 
smile, which requires relatively strong muscle power and 
good excursion.24-28

The gracilis muscle originates from the inferior ramus of 
the pubic bone and inserts at the medial aspect of the tuberos-
ity of the tibia (pes anserinus). Proximally, the muscle is 
located superficial to the adductor longus and magnus 
muscles; distally, it is located in the vicinity of the sartorius 
and the semimembranosus and semitendinosus muscles. The 
vascular supply is from the medial circumflex femoris artery, 
which originates from the deep femoral artery. The average 
diameter of the artery is 1.5 mm, and it is usually accompa-
nied by two veins. The muscle is innervated by the obturato-
rius branch, which lies proximal to the vascular pedicle  
(Fig. 28-10A).

Before the operation, the position of the nasolabial fold on 
the healthy side and the direction and amount of excursion 
of the corner of the mouth are transferred and marked on the 
paralyzed cheek. With these permanent markings, the patient 
enters the operating room.

The paralyzed cheek is widely undermined through a pre-
auricular face-lift incision that extends into the submandibu-
lar fold, where suitable recipient vessels are identified. Because 
the temporal vessels and especially the superficial temporal 
vein are often very fragile, they are not typically used for 
vascular anastomosis.

The undermining starts just above the superficial parotid 
fascia and extends slightly into the upper and lower lip, where 
the lateral portion of the remnants of the orbicularis oris 
muscles is exposed. Stay sutures are placed in the orbicularis 
oris muscle in the upper and lower lips as well as in the 
modiolus. Additional sutures are then placed in these three 
positions for later fixation of the distal portion of the muscle. 
The effect of the fixation sutures has to be repeatedly tested 
by pulling the sutures cranially. These sutures determine the 
effect of the muscle pull that is later applied. Care must be 
taken not to fix the sutures too superficially underneath the 
skin to avoid creating unnatural folds.

Harvesting of the Gracilis Muscle
Usually, the gracilis muscle is harvested from the side contra-
lateral to the palsy. The surgeon stands opposite to that leg. 
The patient is placed in a supine position with the knee flexed 
and the hip abducted. A line is drawn between the pubic 
tubercle and the medial condyle of the tibia, the gracilis 
muscle being positioned posterior to that line. At the proxi-
mal upper leg, a 10-cm incision is made along the posterior 
border of the adductor longus muscle. After separation of the 
fascia overlying the adductor longus and gracilis muscles, 
which can be identified by the straight orientation of the 
muscle fibers, the vascular pedicle is approached beneath  
the adductor longus muscle. The vascular pedicle enters the 
muscle approximately 8 to 10 cm distal to the pubic tubercle 
and runs on the surface of the adductor brevis muscle. As the 
pedicle is traced to its origin at the deep femoral vessels, 
several small vascular branches that enter the adductor longus 
muscle have to be clipped carefully. The motor nerve originat-
ing from the obturator nerve enters the muscle in the vicinity 

of the vascular pedicle but then runs more proximally in an 
oblique fashion toward the hip.

With a nerve stimulator, a muscle segment of adequate 
length and contractility can be identified. To avoid too much 
muscle bulk, the anterior segment of the muscle can be sepa-
rated from the residual gracilis muscle. The epimysium 
should be left intact on the muscle surface to allow the muscle 
later to glide within that epimysium (see Fig. 28-10B,C).

After harvest of the muscle, the distal portion is split to 
insert muscle parts into the lateral aspects of the upper and 
lower lip. Before the muscle is secured with the stay sutures 
previously placed, the proximal and distal muscle ends are 
reinforced with resorbable mattress sutures to prevent rupture 
of the stay sutures within the muscle. Then the cranial fixation 
of the muscle to the zygoma is performed (see Fig. 28-10D). 
The neurovascular repair is performed with the use of the 
operating microscope.

Harii favors cross-face nerve grafts for neural anastomosis 
of the gracilis muscle to give an emotional link with the 
healthy side. Cross-face grafts have a tendency to recover 
even over long periods. There is no correlation between the 
number and diameter of the nerve fibers in the distal end of 
the cross-face nerve graft and the functional recovery of the 
transplanted muscle, but the quality of the healthy nerve used 
for crossover innervation is important. If a facial nerve branch 
innervating the slow buccinator muscle is used, the originally 
fast gracilis muscle is transformed into a slow muscle by this 
kind of reinnervation.29,30

It is recommended that the hypoglossal nerve be  
chosen as a recipient motor nerve in patients for whom 
muscle transplantation combined with a cross-face nerve 
graft cannot be performed because of bilateral facial paralysis 
or previous surgery on the healthy side. As with VII-XII 
anastomosis, we prefer the technique of hypoglossal nerve 
sectioning rather than separation of the whole nerve. Ueda 
et al. recommended use of the bundle of the hypoglossal 
nerve that diverges inferiorly to innervate the suprahyoid 
muscles as the recipient motor nerve to permit natural move-
ments of the grafted muscle without functional disability of 
the tongue.31

The masseteric branch may also be used for neurosurgical 
anastomosis of the gracilis muscle nerve. It can be identified 
at the sigmoid notch penetrating the medial pterygoid muscle.

Additional Masking Procedures and Skin 
Surgery Procedures
Creation of a Nasolabial Fold
One esthetic problem of the paralyzed side of the face is the 
absence of a nasolabial fold, especially in contrast to the 
unparalyzed side. A new nasolabial fold improves the sym-
metry and also helps to elevate the upper lip, creating more 
symmetry by provision of a better visible upper lip mucosa. 
In muscle transposition or grafting procedures, the incision 
can be used for fixation in the perioral area.

The symmetry of the nasolabial fold is marked with the 
patient in a sitting position before surgery. The incision runs 
from the lateral aspect of the nasal base to the desired posi-
tion above and lateral to the oral commissure. Necessary  
procedures for fixation of tendon or muscle slips are 
performed.

A small strip of skin is de-epithelialized from the inferior 
skin area and inserted into a subdermal pocket of the superior 
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line. In the cheek area, a corresponding pocket is undermined 
for insertion of the de-epithelialized upper lip part (see  
Fig. 28-11B-E).

Brow Lift
The drooping of the brow is not only an esthetic problem; it 
also interferes with the upper lid and limits the upward gaze. 

cheek portion by deepening sutures. In this way, an impres-
sion of depth can be created (Fig. 28-11A).

The nasolabial fold is marked on the unaffected side with 
the patient in a sitting position. On the paralyzed side, the 
incision line is chosen slightly below the line of the unaffected 
side so as to elevate the red of the lip. Then a corresponding 
area of upper lip is de-epithelialized starting from the incision 

FIGURE 28-10  A, Anatomy of the gracilis muscle. 1, Gracilis muscle. 2, Adductor longus muscle. 
3, Adductor magnus muscle. 4, Semitendinosus muscle. 5, Sartorius muscle. 6, Deep femoral artery and 
veins and entrance of  the neurovascular bundle. B, Harvesting procedure  for a gracilis muscle graft. 
Intraoperative situation after  identification of  the motor branch of  the gracilis muscle  (arrow). The cor-
responding contractile  region  is  identified with a nerve stimulator. C, Anterior segment of  the gracilis 
muscle  with  vascular  pedicle  (arrowhead)  and  motor  branch  (arrow).  D,  Intraoperative  aspect  after 
neurovascular anastomosis and fixation of the muscle at the zygoma (arrow). 
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Face-lift
Patients with Facial Nerve Palsy on One Side As an isolated 
procedure but more often in combination with other surgical 
techniques, a unilateral or bilateral face-lift may be indicated 
for patients with facial paralysis, especially if sagging of facial 
skin and loss of skin tone are exaggerated by long-standing 
facial paralysis. Tightening of the skin and the superficial 
musculo-aponeurotic system with removal of excess skin 
improves the overall result (Fig. 28-12).

Before surgery, the desired amount of skin to be resected 
and the direction of cranioposterior pull must be marked 
with the patient in a sitting position. In particular, the projec-
tion to the lower border of the mandible and the amount of 
soft tissue to be elevated must be identified. The typical 

By means of a brow lift, the eye can be opened more fully. If 
lid loading is to be done, the brow lift procedure should be 
performed first.

Before surgery, the brow position is marked with the 
patient sitting. The new position should match that of the 
unaffected side. The amount of skin to be removed is marked 
directly above the brow. After excision, the new position is 
secured by attaching the orbicularis muscle to the periosteum 
above. Alternatively, skin in the temporal/forehead region can 
be excised close to the hairline.

For isolated marginal branch lesions and other selected 
indications, a partial lip resection with transposition of the 
orbicularis oris may provide a local orbicularis transposition 
with a satisfying result.32

FIGURE 28-11  A, Schematic drawing of the new creation of a nasolabial fold. B, Patient with facial 
nerve palsy on the right side. C, Situation immediately after creation of a new nasolabial fold, with stay 
sutures  for  the  de-epithelialized  upper  lip  skin.  D,  Patient  with  facial  palsy  lid  excision. 
E, Newly created nasolabial fold with stay sutures still in place. 
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De-epithelialized flapA
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lid skin. During that procedure, the lateral canthal tendon 
may also be repositioned (Fig. 28-13).

In some patients, a composite skin and cartilage graft may 
be useful to support the lower lid.

POSTOPERATIVE TREATMENT

All patients must undergo physical therapy and mimic 
therapy. At best, this should start when the first signs of rein-
nervation are visible clinically or by EMG after micronerve 
surgery or muscle graft transposition and grafting. In patients 
with hypoglossal/facial jump nerve anastomosis, the training 
should first focus on tongue movements; the patient will then 
learn which kinds of tongue movements generate facial 
movements.9

OUTCOMES

In micronerve surgery, results obtained by end-to-end coap-
tation and cable nerve grafting are superior to those achieved 
by hypoglossal/facial jump grafts.37 In central lesions, no sta-
tistical correlation was found between the length of the graft 
and the degree or timing of clinical recovery.38 Facial nerve 
reconstruction in cases of nerve discontinuity, or in reanima-
tion procedures with the contralateral facial or ipsilateral 
hypoglossal nerve as the donor nerve, gives overall satisfac-
tory results with symmetry at rest and complete eye closure 
equivalent to a House-Brackmann grade III in 69% of cases.

face-lift incision is marked in the preauricular fold extending 
into the hairline posterior to the earlobe. The face-lift incision 
also allows for transfer of parts of the masseter muscle and, 
with the cranial extension, transposition of the temporalis 
muscle.

Surgical Correction of the Eyelid
Our experience with lid loading techniques accords with that 
reported in the literature, providing good esthetic and func-
tional results with high predictability.33-36

Ueda et al.34 observed superior functional results with 
temporalis muscle transfer for closure of the eye compared to 
lid loading with gold implants. However, cornea protection 
was also provided in the lid loading procedures used in com-
bination with other procedures. Muscle transposition for 
ocular protection may impose an increased strain on the 
patient and need for reeducation.

In lid loading, the weight is usually first temporarily fixed 
to the skin of the eyelid before surgery. The weight should not 
impair opening of the eyelid but should provide complete 
closure at rest. The weight is usually about 1 to 1.4 g.

An upper eyelid incision is used, and the curved weight is 
fixed to the tarsal plate. Additionally, the levator aponeurosis 
may be advanced over the implant and the final eyelid height 
may be adjusted with levator myotomies.

A circumscribed procedure such as isolated correction of 
the upper or lower eyelid may also improve the patient’s situ-
ation. More often, lower eyelid techniques are employed, 
using wedge resections combined with rotations of the lower 

FIGURE 28-12  A,  Patient  with  mild  facial  nerve  palsy  on  the  right  side:  preoperative  aspect. 
B, Situation after bilateral face-lift with elevation of soft tissue and creation of a new nasolabial fold. 

A B

FIGURE 28-13  A and B, Determination of skin excess before full-thickness skin excision of the lid. 
C, Reconstruction of the muscle with absorbable sutures followed by skin closure. 

A B C
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Green et al.21 reported that no patient with a neural repair 
(direct anastomosis or cable graft) had better results than 
House-Brackmann grade III. Patients undergoing direct 
anastomosis of the nerve obtained House-Brackmann grade 
III. Most often in patients undergoing cable nerve grafting, 
grade IV was obtained. Patients with normal or almost 
normal facial nerve function (grade I or II) had undergone 
only decompression of the facial nerve.13,21 Hypoglossal/facial 
nerve anastomosis gave excellent results in 56% of the patients 
(n = 32), and 66% would have repeated the operation. The 
procedure is most effective when it is used as soon as possible 
after the palsy has developed.

The results of crossover techniques depend on the grade 
of atrophy of the facial nerve: Results are better if the atrophy 
is less than 50% that of the normal nerve. Even 2 to 7 years 
after nerve injury, good results may be obtainable. Combina-
tions of hypoglossal/facial anastomosis with transposition of 
temporal or masseter muscles are also possible.15 Video analy-
sis demonstrates that rehabilitation with hypoglossal/facial 
jump grafts may give better results than bioplasties with tem-
poralis muscle.39

We have performed 20 gracilis muscle grafts. All patients 
showed significant improvements of face symmetry at rest 
and with emotion after the operation (Figs. 28-14 and 28-15). 
The simplified semiquantitative evaluation of our long- 
term results in six patients is shown in Table 28-3. In addition 
to the functional results demonstrated by photography,  
we regard the subjective estimation of the patient as very 
important. All of these patients reported that they would  
have the surgical procedure again and that the muscle trans-
fer was a significant contribution to better self-esteem and an 
important basis for improved social contacts.  
One patient had expected a normal function of the mimic 
muscles postoperatively and rated the results inferior to his 
expectations.40,41

CONTROVERSIES

Increasing age at the time of injury may be associated with 
generally poorer reconstruction outcomes.37 In contrast to 
other authors’ descriptions, micronerve reconstruction with 
end-to-end coaptation, cable grafting, and hypoglossal/facial 
anastomosis can have good results after time periods longer 
than 2 years from onset of the facial palsy.2 Also, so-called 
babysitter procedures before free muscle grafting may improve 
the patient’s situation during the longer period of the two-
stage cross-face and free muscle graft procedure.23,42,43

In some patients with selected indications, static proce-
dures may be beneficial for an esthetic improvement. Fascia 
lata or foreign materials can be used to correct the static posi-
tion of the angle of the mouth. Various techniques have been 
described for elevation of the angle of the mouth. Most often, 
the soft tissue is suspended with fascia lata toward the zygo-
matic arch. Most static procedures produce only a temporary 
effect (Fig. 28-16).

As an alternative to microvascular procedures and in 
patients whose general status or previous operations do not 
allow microvascular surgery, regional muscle transpositions 
with the temporal muscle, the masseter, or the platysma may 
be considered.38,39

In addition to muscle bulk lateral to the zygomatic arch, a 
visible volume defect in the region of the temporal muscle 
often occurs postoperatively.

Masseter muscle transfer can be performed extraorally as 
transfer of the whole muscle belly or as transposition of the 
anterior half of the muscle via an intraoral approach. The 
blood and nerve supplies to the muscle enter from the infra-
temporal fossa through the coronoid notch. The muscle is 
removed sharply with its tendinous insertion and bluntly 
elevated from the periosteum to the coronoid process. The 

FIGURE 28-14  A,  Twenty-year-old  female  patient  with  facial  nerve  paralysis  on  the  left  side. 
B, Postoperative result 3 years after surgery with improved balance of the mouth and lateral pull of the 
gracilis muscle (anastomosis to hypoglossal nerve). 

A B
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FIGURE 28-15  A, Left facial nerve palsy after surgery for an acoustic neuroma: preoperative aspect. 
B, Postoperative result 1 year after gracilis muscle transplantation with nerve coaptation to a cross-face 
graft performed 9 months earlier. C, Gold weight  implantation. A weight of 1.5 g has been inserted 
into the upper eyelid. D, Postoperative result with complete eye closure. 

A B

C D

TABLE 28-3 Postoperative Results of Vascularized Muscle Grafts

Patient No.
Age at 

Surgery (yr)
Months from  

Surgery to Follow-up Nerve

OBJECTIVE 
(INVESTIGATOR)

SUBJECTIVE 
(SELF-

ESTIMATION)

Acceptance*Stat. Smile Stat. Smile

1 16 67 X +++ ++ ++ ++ Yes
2 53 65 X ++ ++ + + Yes
3 47 59 Cross-face +++ ++ ++ + Yes
4 40 55 Cross-face ++ ++ ++ + Yes
5 36 29 Right masticatorius ++ + + + No
6 60 24 XII ++ ++ ++ + Yes

+++ = results correlate with healthy side; ++ = significant improvement; + = minor improvement.
*Situation improved, patient would have procedure again.

inferior tendon is used for anterior fixation of the muscle.  
As with the temporalis, the muscle is split at the anterior 
portion to preserve the nerve supply to both muscle slips. 
These muscle slips are fixed with nonabsorbable sutures  
to the underlying dermis. Overcorrection is performed.  
Disadvantages of the procedure are the volume deficit  

in the angle of the mandible and the lateralized direction  
of pull.

Often, the success of the transfer of masticatory muscles 
is limited by a complex reeducation process for the patient 
and a failure of these muscles to reach sufficiently large areas. 
In these cases, procedures such as extending the temporal 
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FIGURE 28-16  A-C, Patient after tumor resection including conti-
nuity resection of the mandible with plate exposure. D, Lip incompe-
tence with liquid drooling and difficulties in speech. E and F, Transfer 
of osteocutaneous parascapular graft for bony reconstruction and chin 
reconstruction. G and H, The ends of the fascia are fixed in the upper 
and lower  lip. The muscle border is  located in  the level of  the naso-
labial fold. 
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muscle flap with galea allows more extended rotation  
(Fig. 28-17).

Temporalis muscle transposition may also be used for 
early, temporary treatment of complete facial palsy when 
recovery of the nerve function is predicted to be extended 
and incomplete, because the procedure does not interfere 
with neural regeneration.

An alternative reanimation procedure using a vascularized 
muscle graft involves transfer of the free rectus femoris 
muscle. The long motor nerve is led through the upper lip 
and sutured to the contralateral facial nerve without the need 
for a two-stage procedure.

FIGURE 28-17  A,  Preoperative  aspect  of  a  patient  with  facial  nerve  palsy  on  the  right  side. 
B, Static result 2 years after masseter muscle transfer. C, Dynamic result 2 years postoperatively. 
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KEY POINTS
• Exact knowledge of the anatomy of the facial nerve is necessary.
• There must be precise clinical and electrophysiological investigation of facial 

nerve functions.
• A treatment plan is established according to:

• the patient’s expectations
• the general conditions of the patient
• the best possibility for individual outcome

• The procedure is planned with regard to the type of lesion and the interval 
between trauma and repair.

• Hypoglossal/facial nerve anastomosis is probably the most reliable proce-
dure for micronerve reconstruction.

• For long-standing facial palsies, neurovascular anastomosed muscle grafts 
are the method of choice.
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Alexandra Clarke

As biomedical techniques become increasingly sophis-
ticated, patients who might in the past have had a 
poor prognosis are successfully completing treat-

ment. However, those who undergo treatment are often left 
with impaired function or appearance, and the process of 
treatment may last months or years with no clear guarantees 
about outcome. This situation applies to maxillofacial condi-
tions from head and neck cancers to severe burn injuries. 
Pioneering treatments such as facial transplantation1 have 
added to the potential reconstructive options for patients 
with significant facial injury, but these approaches require a 
considerable investment in terms of patient selection, prepa-
ration, and management, including a commitment to a mul-
tiprofessional approach to care.

Although the importance of psychological rehabilitation 
has been acknowledged since the pioneering work of McIndoe 
and his team at East Grinstead during the 1940s, there is 
increasing interest in the psychological problems that patients 
experience and the psychological predictors of good long-
term outcome. This area of research has produced a much 
better understanding of the factors and processes that predict 
psychological adjustment and a corresponding focus on 
evidence-based psychological interventions with clear and 
measurable goals. The National Institute for Clinical Excel-
lence (NICE) guidelines,2 National Service Frameworks,3 and 
the National Burn Care Review4 in the United Kingdom have 
emphasized rehabilitation and psychological processes that 
often are delivered by a stepped-care approach.

SOCIAL PSYCHOLOGY AND THE FACE

The neurological basis of face perception and recognition is 
a fascinating area of research whose complexity highlights the 
importance of the face in the social context. Each of us is 
unique, although the transfer of facial characteristics to our 
offspring ensures the family and racial characteristics that 
underpin the cohesiveness of social groups. The face is an 
important determinant of our internalized sense of who we 
are. Just as we are instantly recognized by friends and family, 
we have an internalized body image that is highly resistant to 
change. Accepting a change in appearance is not the same 
thing as habituating to it, and patients often describe shock 
at catching sight of themselves in a shop window or in a 
photograph many years after the initial trauma. Adapting to 

any disfiguring condition, even when the change is minor, 
can be a very long process, which often is described as one of 
bereavement with a clear focus on grieving for lost looks.5,6

Physical attractiveness is judged to a significant extent on 
facial characteristics such as skin texture, size and shape of 
eyes, and facial symmetry, with vast amounts spent each year 
on cosmetics that enhance these features. Disfiguring condi-
tions have a huge personal impact in terms of perceived 
attractiveness, with interesting sex differences. Whereas facial 
scarring, for example, can exaggerate the sexual stereotype for 
men (e.g., more macho, aggressive, willing to take risks), for 
a woman, the stereotype is weakened, and she may appear 
less feminine and less attractive. This does not mean that 
disfigurement is less of an issue for men. The largest study7 of 
concern about appearance dispelled several myths about 
which patients are disturbed about appearance. In a sample 
of 1265 participants recruited from community and clinical 
settings, gender and age were not powerful predictors of dis-
tress, and there was a large amount of variation in the 
responses. Young men in particular may struggle and may 
behave in a hostile or aggressive way in social encounters as 
a result of negative responses from their peer group.

Barriers to sexual activity, such as altered facial sensation 
and the ability to kiss a partner, can cause enormous distress. 
Withdrawal from intimacy is a major problem for people with 
anxiety about their bodily appearance, and gradual avoidance 
of social activity occurs as the prospect of an intimate rela-
tionship is perceived as more remote.

The head, neck, and face provide us with the basis of com-
munication. Laryngectomy and removal of the vocal cords 
permanently abolishes the ability to speak, with future 
“speech” achieved through a variety of alternative mechanical 
means. Cancer and the treatment for invasive disease or sig-
nificant trauma can have a major impact on appearance, 
speech, swallowing, and shoulder function after neck 
dissection.8

In addition to providing the neural and muscular basis of 
speech production, nonverbal signaling, such as eye contact, 
facial gesture, and blushing, depend on facial structure. These 
nonverbal behaviors support verbal exchanges, helping to 
pace and structure conversation and allowing us to express 
emotion and to indicate personal attitudes.9 Interruption of 
these mechanisms, often because patients try to avoid eye 
contact or smiling when there is a facial palsy, can add to the 
awkwardness of social encounters. Problems may also occur 
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when their appearance changes can often prompt changes in 
behavior that elicit a negative response from other people. 
Altered posture, avoidance of eye contact, hiding the face 
with the hand and hair, and overzealous use of cosmetic cam-
ouflage and clothing, especially hats, can elicit the very 
responses that the individual is trying to avoid.

It is easy to see how repeated exposure to negative events 
can lead to a behavioral change, particularly increasing avoid-
ance of social situations, but the role of individual beliefs is 
also important. People behave differently in response to 
someone who is visibly different, and the expectation of a 
negative response is enough for the visibly different person 
to perceive and report events differently. Social psychologists 
have examined the impact of these beliefs about disfigure-
ment. Actors were made up to look disfigured, but under the 
guise of having fixative added and unknown to them, the 
experimental group had that make-up removed before being 
exposed to the experimental situation.16 Subjects who believed 
themselves to be scarred reported stronger reactions from 
other people than the control group. This finding might have 
resulted from heightened sensitivity leading to the misinter-
pretation of events or to subtle alterations in the subject’s 
behavior, such as poor posture or eye contact, producing 
genuinely stronger reactions from the onlooker. However, 
sensitivity to the disfigurement and the tendency to attribute 
all negative experiences to facial appearance, even when 
unrelated, is a commonly reported problem and a possible 
explanation for the significance to the individual of appar-
ently only minor disfigurement.

From the clinical perspective, these findings are important 
because the modification of inappropriate cognitions (i.e., 
beliefs) and the introduction of more appropriate cognitions 
and behavior form the basis of effective psychological inter-
vention in this group. Social anxiety and avoidance can be 
effectively targeted using this well-established approach.17,18

Relatively few studies have attempted to look beyond the 
description of psychosocial problems in the target population 
to the factors associated with good adjustment in the long 
term. There is a strong, erroneous presumption that psycho-
logical distress is proportionate to the severity of the disfig-
urement, a finding that has no basis in research findings but 
nevertheless drives referral patterns and services. It is instead 
the individual factors driven by cognitive processes that 
predict long-term adjustment.19,20 Macgregor11 illustrated this 
idea many years ago, identifying coping style as important. 
Those who cope well and report fewer problems tend to use 
the positive coping strategies summarized in Box 29-1, all of 
which allow them to manage social situations. Negative 
coping strategies are those that facilitate the avoidance 
response.

Findings of the Appearance Research Collaboration 
further clarified the factors and processes that are associated 
with positive adjustment in the long term. They demonstrated 
that biomedical factors such as the cause, timeline, and sever-
ity of the condition do not predict adjustment, although vis-
ibility to others is important. The psychological characteristics 
of those who were positively adjusted included higher levels 
of optimism, greater feelings of social acceptance and satis-
faction with social support, a lack of concern about negative 
evaluations by others, and a self-system with lower levels  
of salience and valance afforded to appearance-related 
information.7

with swallowing. Ingestion of food, chewing, swallowing, and 
salivation are frequently affected after maxillofacial trauma, 
with profound implications for ensuring optimal nutrition 
and impacting dramatically on the social aspects of eating. 
Patients can be embarrassed about the difficulties of drooling, 
spilling food, or using special utensils or straws. Interruption 
of what is an important social activity may be expected to 
impact self-esteem. The inability to express personality 
through speech and social exclusion from activities such as 
having a drink or a meal with friends can affect self-image as 
much as an objective change in physical appearance.10 For 
patients who experience major surgery or accidental trauma 
to the face, the psychological impact of facial dysfunction 
may affect any or all of these areas.

PSYCHOSOCIAL IMPACT OF FACIAL 
DISFIGUREMENT

Research studies are remarkably consistent in describing the 
problems that people with a disfigurement encounter. The 
predominant difficulties lie within the area of social interac-
tion, with people being subjected to unwanted intrusions 
such as staring or comments. Macgregor’s classic study11 has 
not been bettered in terms of summarizing patients’ self-
reported data. “In their attempts to go about their daily lives, 
people are subjected to visual and verbal assaults and a level 
of familiarity from strangers, including naked stares, startled 
reactions, double takes, whispering, remarks, furtive looks, 
curiosity, personal questions, advice, manifestations of pity or 
aversion, laughter, ridicule, and outright avoidance”.11

First impressions are important in our image-conscious 
society, and adapting to disfigurement, even when minor, can 
be profoundly difficult.12 First encounters are particularly 
stressful, staring and intrusions are common, and social 
avoidance can rapidly develop as the simplest means of sur-
vival. As in other anxiety disorders, avoidance of the feared 
situation provides only temporary relief and removes the 
opportunity to learn by experience or build up a repertoire 
of coping strategies. Confronting social situations becomes 
increasingly difficult, and one of the components of psycho-
logical intervention is graded exposure to eliminate the 
anxiety response, reframe beliefs about the social environ-
ment, and develop positive coping strategies.

Not surprisingly, this group of people may have very low 
self-esteem and expectations about life chances. For example, 
many believe that they need to make compromises in terms 
of relationships (e.g., take what you can get) or think that they 
have diminished employment prospects.13 For children, all 
the problems of chronic illness, such as repeated hospitaliza-
tions, time off from school, and disruption of peer relation-
ships and education, may be compounded by bullying at 
school and the lowered expectations of teachers and parents. 
Studies have demonstrated that even in normal classroom 
situations, sensitivity about appearance can impact behavior, 
with children unwilling to put up their hands to answer ques-
tions if they feel uncomfortable about what they look like.14

Although the perceived hostility from other people has led 
to the description of facial disfigurement as the last bastion 
of discrimination in the United Kingdom,15 the situation is 
not completely one sided. The increased uncertainty, embar-
rassment, and self-consciousness that people experience 
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ria22 and measured using standardized scales such as the Hos-
pital Anxiety and Depression Scale.23

Depression
Depression can be understood in many ways. Depressed 
mood often is explained in terms of a subjective feeling of 
unhappiness, encompassing feelings of guilt, worthlessness, 
listlessness, apathy, and self-loathing. Depression can be asso-
ciated with other medical problems and develop as a second-
ary reaction. Depressed mood can be seen as a reaction to 
circumstances that an individual can work through with 
assistance from others and that will dissipate over time. Clini-
cal depression is more serious and more pervasive, and it 
often requires formal intervention to be resolved.

To obtain a diagnosis of clinical depression, an individual 
must display a cluster of symptoms that usually comprise 
depressed mood, loss of interest, anxiety, sleep disturbance, 
loss of appetite, lack of energy, and suicidal thoughts.22 Addi-
tional symptoms may include weeping, slowness of speech 
and action, extreme withdrawal, hallucinations (often of ridi-
culing voices), and delusions that the person has been respon-
sible for a horrific catastrophe. Thoughts of death, self-harm, 
or suicide can occur.

It is more difficult to recognize depression in someone 
who is physically unwell or who has been injured. Many of 
the physical symptoms typically described for depression can 
overlap with symptoms of physical illness. For example, appe-
tite loss is to be expected if an individual has difficulties 
eating. An instrument such as the Hospital Anxiety and 
Depression Scale,23 which was designed to detect depression 
and anxiety while disregarding ambiguous physical symp-
toms, can help to screen patients at risk for anxiety or depres-
sion, or both.

Anxiety Disorders
Fear is a natural response to anything perceived as threaten-
ing. Patients are often anxious about their diagnosis and treat-
ment, and the heightened arousal can cause difficulties in 
attending to information in the consultation or following 
instructions for rehabilitation. Medical treatment is often 
associated with pervasive anxiety. An anxious patient is par-
ticularly tuned into threatening stimuli and is more likely to 
interpret information as threatening and find it difficult to 
assess risk objectively. The process of repeat scanning as part 
of follow-up can produce a cycle of dread in anxious patients, 
who become more and more preoccupied as the target date 
approaches, gaining only temporary relief afterward as the 
build-up to the next scan begins.

Responses occur on a number of levels: behavioral, cogni-
tive (thoughts), affective (emotions), and physiological. Social 
fears and anxiety related to disfigurement are common. Much 
of this chapter discusses approaches that can be used to help 
individuals to overcome these fears and anxieties.

Adjustment Disorder
Adjustment disorder is a somewhat vague term used by psy-
chiatrists to describe the cluster of symptoms, including 
depressed mood, anxiety, and physical complaints such as 
pain, that are common in people who struggle to engage in 
rehabilitation, including physiotherapy and resuming a 
normal diet. Although it is not abnormal to find a change in 
circumstances challenging, some may require additional 

This research is important to those working in the maxil-
lofacial trauma field, primarily because it identifies individual 
behavior, rather than the condition or appearance, as a deter-
minant of successful long-term outcomes. This is encourag-
ing because behavior is learned and can be modified. These 
ideas provide the basis for psychological management  
of patients with altered appearance, who do not have to  
rely solely on biomedical solutions aimed at restoring 
appearance.

PSYCHOLOGICAL ASPECTS OF  
MAXILLOFACIAL TRAUMA

ANXIETY, DEPRESSION, AND POSTTRAUMATIC 
STRESS DISORDER

Disfigurement exposes individuals to a range of social stress-
ors and psychological stresses that are predisposing factors 
for a trio of disorders. The relevant literature in this area 
indicates that depression, anxiety, and posttraumatic stress 
disorder (PTSD) are the most commonly reported psycho-
logical sequelae of burn injury or other types of trauma. The 
three often exist together, and high levels of comorbidity are 
expected. Many individuals who suffer burn injury or trauma 
already show a range of behaviors that place them at risk for 
mental illness, substance abuse, social problems, or previ-
ously existing psychiatric problems. The challenges of dealing 
with facial injury and disfigurement add to the psychological 
difficulties that may already be present. The degree to which 
an individual feels responsible for the injury may affect his or 
her attitude about asking for help. Shame is an important 
construct in this context, and survivors of trauma often are 
preoccupied with the idea that they have survived while 
others have not.4,21

PSYCHIATRIC ASSESSMENT AND MANAGEMENT

Studies based on psychiatric models measure symptoms of 
mental distress, such as depression, anxiety, and PTSD, which 
are clearly defined within the fourth edition of the Diagnostic 
and Statistical Manual of Mental Disorders (DSM-IV) crite-

Data  from Macgregor F: Transformation and identity: the face and plastic surgery. New York, 
1974, Quadrangle/New York Times Book Company.

BOX 29-1 Coping Style as a Predictor of 
Good Long-term Adjustment after Facial 
Disfigurement

Positive Coping Strategies
• Good social skills
• Assertiveness
• Taking the initiative in new situations

Negative Coping Strategies
• Poor social skills
• Aggressiveness
• Avoidance or withdrawal from new situations
• Use of alcohol
• Unrealistic pursuit of surgical solutions
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memories are processed. Brewin28 offers a clear explanation 
of the dual processing theory, which proposes that highly 
emotionally charged images are processed and stored without 
access to the perceptual processing pathways that confer 
meaning. Flashbacks occur when sensory triggers (i.e., sights, 
sounds, or scents) stimulate the re-emergence of images 
without the ability to place them in context, with the result 
that they become relived or re-experienced. Considerable 
research supports this explanation, including the recom-
mended treatment approaches set out for adults and children 
in the NICE guidelines.29

Maxillofacial trauma implies exposure to some type of 
trauma that results in injury to the face. Interpersonal vio-
lence is becoming the most common cause of maxillofacial 
trauma for adults in Western society. Being exposed to vio-
lence from another individual can be seriously challenging to 
our beliefs regarding the world as a safe, benevolent place to 
be. The response to violence may be to view everyone as 
malevolent. Other causes of injury, such as car crashes and 
accidents in the home or at work, also can challenge the view 
of the world as a predictable and safe place. It is understand-
able that the immediate response is often one of avoidance 
and reluctance to leave the safety of a familiar environment; 
however, the sooner people can get back to their familiar, 
everyday lives, the earlier their recovery.

Definition of Posttraumatic Stress Disorder
The syndrome of PTSD was officially recognized in 1983  
by the American Psychiatric Association. After several 
updates and revisions, the current definitions in the DSM-
IV22 are those in common circulation. They are outlined in 
Box 29-2.

Facial disfigurement can compound many of the symp-
toms shown in Box 29-2 by giving constant reminders of the 
trauma and increasing feelings of social isolation. Many indi-
viduals with maxillofacial trauma have experienced events 
that can predispose them to PTSD.

support and reassurance. People also vary in their acceptance 
of prostheses, including walking and hearing aids. Managing 
chemotherapy with the associated changes in energy levels, 
appearance, and general well-being may be exceptionally dif-
ficult for some people, and psychological intervention can 
assist them to set realistic goals, pace activities, and focus 
their attention appropriately.

TREATMENT

Effective treatment may be delivered by a combination of 
approaches. Psychological treatment (particularly cognitive-
behavioral approaches, which produce the best outcomes) 
has become much more widely understood, and access to 
these techniques has been improved by the Increasing Access 
to Psychological Treatment (IAPT) protocols in primary care 
in the United Kingdom for people with mild or moderate 
depression and anxiety.24

Depression can result from negative thinking styles and 
biases in perception and cognitive functioning. The therapist 
and patient work together to change this worldview using 
cognitive approaches and behavioral experiments in the 
context of a warm, empathic, and genuine relationship. Eval-
uation of these approaches demonstrates improvement of 
longer duration and generalizability. So-called third-wave 
approaches include mindfulness, which combines Western 
psychotherapy and Eastern meditation to focus the individual 
in the present rather than on thoughts about the past and 
future. This is a particularly effective approach to preventing 
relapse. Medication is used for people with severe symptoms, 
but it should be combined with psychological therapy as set 
out in the NICE guidelines for the treatment of depression.25 
Anxiety disorders typically respond well to a combination of 
psychological therapy (e.g., cognitive-behavioral approaches) 
and medication. These approaches are clearly defined in the 
NICE guidelines for the treatment of anxiety.26

POSTTRAUMATIC STRESS DISORDER

Most patients being treated for maxillofacial injuries sus-
tained the damage in a traumatic incident. This section con-
siders the possible consequences of exposure to trauma, 
effects on psychological functioning, and treatment 
approaches. This is not a comprehensive review of this vast 
area, and further information can be found in other 
textbooks.27

Humans exist in a continuous state of homeostasis. As  
the environment changes, we try to adapt to the shifting 
demands. This applies to everyday occurrences and to 
extraordinary experiences. As we age, we learn to make sense 
of what has been encountered and to place it in context. 
When an event occurs that is far outside ordinary expecta-
tions, a major process of adjustment may have to take place, 
and feelings may be unique, powerful, and unfamiliar. When 
we are threatened or frightened, the body and brain are pro-
grammed to ensure our survival (i.e., fight, freeze, or flight 
reactions).

If exposed to threat, the individual usually tries to deal 
effectively with the event by thinking about it and attempts 
to learn how to cope better with the threat if it occurs again 
in the future. However, traumatic events may be processed 
very differently from the way in which other events and 

Adapted from National Institute for Health and Clinical Excellence (NICE): NICE guidelines for 
the treatment of post-traumatic stress disorder, 2005: http://www.nice.org.uk/CG26. 
Accessed May 1, 2011.

BOX 29-2 Definitions of Posttraumatic Stress 
Disorder

The diagnosis of posttraumatic stress disorder (PTSD) requires a person to have 
been exposed to a traumatic event of exceptional severity and to be re-experiencing 
distressing symptoms. People with PTSD usually show emotional detachment 
from people, places, or activities previously enjoyed; numbing; hyperarousal; and 
avoidance of stimuli associated with the trauma. Either of the following factors, 
which usually arise within 6 months of the trauma, must also be present:
1. Partial or complete impaired recall for some aspects of the period of exposure 

to the stressor
2. Persistent symptoms of increased psychological arousal that were not present 

before the trauma
• Sleep disturbance (falling or staying asleep)
• Anger or irritability
• Concentration difficulties
• Hypervigilance
• Exaggerated startle response

http://www.nice.org.uk/CG26
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experienced as memories rather than as reliving the event. 
Avoidance behaviors are managed by gradual exposure and 
anxiety reduction.

EMDR involves the use of rapid side-to-side eye move-
ments while revisualizing the trauma. This appears to help 
the processing of flashbacks in a way similar to trauma-
focused CBT. It is a recognized treatment with good 
outcomes.

Medication can be considered for adults. The NICE guide-
lines recommend selective serotonin reuptake inhibitors 
(SSRIs) or the tetracyclic antidepressant mirtazapine. When 
medication is used, it usually is continued for at least 12 
months. However, these medications should be offered only 
in certain circumstances:

• The person chooses not to have psychological treatment.
• The person has not benefited from psychological 

treatment.
• The person cannot start treatment because of the risk of 

further trauma.
• The person has a comorbid depression that reduces the 

effectiveness of psychological treatment.

Treatment of Posttraumatic Stress Disorder  
in Children
The NICE guidelines recommend a course of trauma-focused 
CBT for older children with severe symptoms within the first 
month after trauma. There is no evidence for the benefit of 
single-session debriefing at any age. After 3 months, advice 
for children is as follows:

• CBT should be offered and adapted to the developmental 
level, age, and circumstances.

• CBT should be a course of 8 to 12 sessions for children or 
young people who have chronic PTSD.

• When appropriate, parents and child should be involved 
in the treatment plan.

• Psychological treatment should be continuous (one session 
per week) and delivered by the same person.

• Parents or guardians should be informed that trauma-
focused CBT is the recommended treatment and that 
there is no evidence for play therapy or family therapy.

Treatment for PTSD is highly effective, and outcomes are 
good even when there has been a long gap between the 
trauma and the start of treatment. Support for the family of 
an injured individual is often essential at the time of early 
treatment. Family reactions can have a huge impact on 
longer-term functioning, and preparing relatives for the 
appearance of their injured loved one so that they do not 
appear shocked or horrified can have a positive effect on self-
acceptance. Those close to the individual also might have 
been exposed to the traumatic event, and they may be suffer-
ing from PTSD. If their functioning is compromised, it can 
influence the psychological recovery of the injured party.

FACTORS CONTRIBUTING TO EXPOSURE  
TO TRAUMA

The epidemiology of maxillofacial trauma is reviewed Chapter 
1), which points out that assaults and road traffic accidents 
provide most cases of this type of trauma worldwide. Severe 

Incidence and Prevalence of Posttraumatic 
Stress Disorder
Epidemiological research suggests that most people experi-
ence at least one traumatic event during their lifetimes. Inten-
tional acts of violence are more likely to lead to PTSD than 
accidents. Men tend to experience more trauma than women, 
but women tend to experience higher-impact events. Women 
are more likely to develop PTSD in response to a traumatic 
event than men.

Posttraumatic Stress Disorder in Children  
and Adolescents
There has been little systematic research about children with 
PTSD. Children affected by trauma demonstrate symptoms 
of re-experiencing, avoidance, numbing, and increased 
arousal, and younger children show more obvious aggression. 
Parental behavior is very influential, and children often 
choose not to talk about trauma or their reactions to it with 
their parents. This means that the condition is underdiag-
nosed and that a parental report alone does not constitute an 
adequate assessment.

Identification of Posttraumatic Stress Disorder
Normal Reactions and Symptoms
It is common for those who have been exposed to trauma to 
experience, at least briefly, some of the previously described 
symptoms. They typically pass quickly without treatment. 
Those who have been traumatically injured often thought that 
they were going to die. Re-experiencing the traumatic event 
in flashbacks or nightmares is common, but this reaction 
usually passes with time. Reminders of the accident, includ-
ing seeing the disfiguring injury itself, can cause a recurrence 
of symptoms. This can lead to avoidance of the feared stimu-
lus that can bring back the disturbing images.

NICE Guidelines for Treatment
Most people have a period of sleeplessness, preoccupation, 
and distress related to trauma. This is not PTSD according to 
the NICE guidelines, and it is important not to intervene too 
early.

Watchful Waiting in the First Month
Input from involved professionals involves support and edu-
cation. Through reassurance, explanation, and normalization, 
individuals and their families can learn about their reactions. 
Simple anxiety management strategies focused on controlled 
breathing and distraction can help during this time. If this 
approach is followed, an assessment should be offered at the 
end of this period.

Treatment of Posttraumatic Stress Disorder
If an individual appears to be suffering from the symptoms 
described previously and they persist for longer than 1 month 
after injury, assistance from other sources should be sought. 
The NICE guidelines recommend psychological intervention 
as the first-line treatment before medication is considered. 
Psychological treatments take the form of trauma-focused 
cognitive-behavioral therapy (CBT) and eye movement 
desensitization and reprocessing (EMDR). Trauma-focused 
CBT usually requires 8 to 12 sessions. By retelling the experi-
ence in detail over repeated sessions, the highly sensory 
images are organized and reprocessed so that they become 
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The finding that psychosocial problems remain and may 
become worse with time while medical problems may resolve 
is significant. It stimulates the ethical arguments about mod-
eration of procedures that have a devastating impact and 
supports a more comprehensive approach to the study of 
outcomes, such as the quality of life model. It also provides 
support to researchers working in a coping skills framework 
who are attempting to discover factors that predict successful 
coping and who are beginning to develop models for clinical 
intervention.

QUALITY OF LIFE RESEARCH

The value of using a quality of life framework for investigating 
the long-term impact of medical conditions lies in the intrin-
sic acknowledgment of the patient as a person with life roles 
beyond those of a sick patient. The model includes the basic 
premise that the value of a procedure is determined by the 
impact on the course and progress of the disease and by its 
effect on the individual. Medical issues such as side effects of 
drugs and measurement of anxiety and depression are impor-
tant, but social issues such as the ability to continue with 
employment also are key indicators of the value of a proce-
dure. It is not difficult to see that this model provides a com-
prehensive picture of outcome within conditions and has the 
potential for comparing across conditions and treatment 
modalities.

The definition of quality of life has proved challenging. A 
widely adopted definition is that quality of life refers to 
patients’ appraisal of and satisfaction with their current level 
of functioning compared with what they perceive to be pos-
sible or ideal.37 The World Health Organization (WHO) 
Quality of Life group defined quality of life as patients’ per-
ceptions of their position in life in the context of culture and 
value systems in which they live and in relation to their goals, 
expectations, standards, and concerns. The group developed 
the World Health Organization Quality of Life Assessment-
BREF (WHOQOL-BREF), which is widely used in European 
studies.38 As the model has been developed, issues such as 
religious beliefs have been added to it, and a large number of 
researchers have been involved in devising, validating, and 
measuring quality of life scales. Self-report has become a 
contentious issue, with some suggestion that a large part of 
the literature on quality of life is redundant because it is based 
on health professionals’ assessment of what is essentially an 
individual issue. Self-report is considered vital if the measure 
is to have any meaning. As scales have become more and 
more precisely validated for specific populations, other 
researchers have stressed the artificiality of imposing set cat-
egories on questionnaires, and the need for people to generate 
their own categories has been stressed.39

Despite all these difficulties, the quality of life literature 
has grown enormously, and within many medical settings, it 
has produced the most useful approach to measuring 
outcome. According to Talmi,40 a MEDLINE search in 1970 
produced only 6 reports that included quality of life as a 
major outcome measure, but by 2000, a similar search pro-
duced 4797 reports. However, Semple et al.8 noted that most 
of the work has been in the development and validation of 
scales and that proliferation of measures leads to problems in 
collating the results from different studies. Despite these 
problems, Llewellyn et al.41 published a systematic review of 

facial injuries increased among military casualties after devel-
opment of body armor that protects the vital organs but 
leaves the face and extremities vulnerable, resulting in mul-
tiple amputations and facial disfigurements.30

The misuse of alcohol also plays a role in facial injuries, 
particularly among the young. Programs have been devel-
oped to provide early intervention to manage problem drink-
ing, with patients targeted in accident and emergency settings. 
Successful nurse-led programs include those set up in 
Glasgow, Scotland, where the incidence of problem drinking 
is the highest in the United Kingdom.31 A review of actions 
designed to prevent injuries in problem drinkers32 concluded 
that there is some evidence for a variety of medical and psy-
chological interventions reducing injuries, including falls, 
drinking-related injuries, domestic violence, and suicide. 
Interventions included education, medication, cue exposure, 
brief interventions, and motivational interviewing. By offer-
ing support, education, and referral to specialist services, it 
seems likely that professionals working in the trauma field 
can assist their patients in reducing their risk behaviors and 
the likelihood of repeat injury. Patients who are identified as 
drinking in a dependent or problem fashion should be coun-
seled appropriately and offered the chance to be referred to 
local alcohol services for specialized help.

Patients who have been burned have been studied exten-
sively. Most patients admitted to the hospital due to burn 
injuries are categorized as sensory impaired because of drug 
or alcohol use, age (very young or very old), or psychiatric 
illness. Premorbid psychopathology in those who sustain 
burn injuries severe enough to warrant hospitalization 
includes depression, personality disorders, and alcohol and 
drug abuse.4 Dementia and other neurological disorders 
are commonly reported, and individuals from lower socio-
economic groups are disproportionately represented. Esti-
mates of previous psychiatric illness range from 28% to  
75%. Individuals who have suffered burn injury also seem  
to have a high frequency of risk-taking behavior, and  
those with psychiatric illness may be careless, actively self-
harming, and disturbed or have reduced levels of 
competence.

COURSE OF UNTREATED PSYCHOLOGICAL 
PROBLEMS OVER TIME

The popular idea that “time is the best healer” is not sup-
ported by the evidence in the maxillofacial injury setting. An 
early study looking at the change in outcomes for the head 
and neck cancer population reported that psychosocial prob-
lems increase and medical problems decrease with time after 
surgery.33 Semple et al.8 reviewed the quality of life issues for 
these patients and stressed the ongoing challenges that 
patients experience with regard to appearance, speech, and 
eating. Patients often lack the appropriate coping skills to 
manage the profound change that they have experienced, and 
the study suggests that this pattern can be prevented with 
better clinical input using cognitive-behavioral approaches 
that teach an active approach to management. Although 
studies suffer from small sample sizes and other method-
ological weaknesses, a growing literature supports the use of 
active rehabilitation programs in this area.34,35 This has also 
been found in the long-term follow-up of patients who have 
had severe burns.36
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encouraged to take part in self-care, such as helping with 
dressings, from the earliest possible stage. Postoperative day 
5 is an important watershed, with patients who are still having 
difficulty in taking part in their care more likely to have long-
term problems. By day 7, very active clinical intervention 
from an experienced nurse is indicated for patients who still 
have problems in the area of socialization and early ambula-
tion. This intervention takes the form of challenging unhelp-
ful beliefs and emphasizing the importance of surgery; it is a 
cognitive intervention aimed at encouraging the patient to 
develop a behavioral response. This is one of the first studies 
to introduce the idea of coping into the literature, and it is an 
extremely effective piece of applied research, using psycho-
logical theory to generate and test very practical outcomes. 
However, there is room to develop more creative and innova-
tive forms of intervention.

psychosocial and behavioral factors related to health-related 
quality of life and concluded that several psychosocial factors 
were potentially modifiable and offered possibilities for inter-
vention to improve patients’ quality of life in the long term.

In an important paper published in 1995, Bjordal et al.42 
compared patient-rated quality of life scores with physicians’ 
ratings. Patients consistently rated their quality of life as lower 
than that rated by the clinicians. This study stresses the 
importance of self-report and the need for interventions that 
attempt to improve patients’ coping strategies and meet their 
rehabilitation needs. Semple et al.8 used a qualitative approach 
to explore the changes and challenges to lifestyle after treat-
ment for head and neck cancer. Their sample of patients 
described the impact of their condition across many different 
aspects of everyday living rather than problems in one 
domain. This finding supports the need to manage patients 
holistically.

Although there have been some attempts to develop psy-
chosocial interventions rather than report that they are 
needed, studies have been criticized for methodological 
weaknesses, including small sample sizes and lack of control 
groups. There has been little practical development of these 
approaches in the clinical setting.

COPING THEORIES AND INTERVENTIONS

Coping theories have generated much work in clinical and 
health psychology, particularly about cancer patients. These 
studies have an a priori model within which they attempt to 
describe psychological issues and how patients manage them. 
Some studies go on to suggest or investigate potential inter-
vention strategies within this coping framework. For example, 
in a study investigating the effects of nursing care guided by 
self-regulation theory on coping with radiation therapy, by 
preparing patients carefully before treatment, less disruption 
to life activities was found during and after treatment.43 
Although this older study is of breast and prostate cancer 
patients, it is well designed and controlled, and it has a clear 
practical application for the way in which nurses can prepare 
patients with other conditions for invasive procedures.

Another approach to rehabilitation after head and neck 
cancer surgery uses Lazarus’ cognitive-transactional theory 
of stress.44 It proposes that a patient will respond to the stress 
of surgery by trying to identify and develop an appropriate 
coping response. From this approach developed the stress-
coping model, also known as the Dropkin model (named 
after its author), which allowed exploration of the process of 
rehabilitation and prediction of aspects of behavior that facili-
tate good outcome. This model has been developed and 
applied to many groups of patients whose disfigurements may 
place them at a social disadvantage, including patients with 
head and neck cancer, traumatic disfigurement after surgery, 
and facial transplanation.45

The Dropkin model has been translated into a practical 
care plan with specific objectives defined for each postopera-
tive day (Box 29-3). For example, early socialization is identi-
fied as a predictor of good long-term outcome, and patients 
are encouraged to leave their rooms and use the whole ward 
during early ambulation. Immediate postoperative care 
includes early confrontation of the facial disfigurement by 
looking in the mirror. Although attempted avoidance may be 
common, this is vigorously challenged, and patients are 

*The protocol and postoperative dates are based on Dropkin’s plan for head and neck cancer 
patients.44 Target dates for other conditions should be determined by reference to the relevant 
cohort.

Postoperative Days*

1 2 3 4 5 6 7
Motor Activities
Lying in bed A

S
S
E
S
S
M
E
N
T

P
O
I
N
T

O
N
E

A
S
S
E
S
S
M
E
N
T

P
O
I
N
T

T
W
O

Sitting in chair in room
Ambulation in room
Ambulation out of room
Ambulation beyond ward

Self-Care Behaviors
Wash face (mirror)
Brush hair
Dress unaided
Assist with dressings

Social Interaction
Ambulation out of room
 Eye contact?
 Posture?
Interaction with staff
 Eye contact?
 Posture?
 Verbal?
Interaction with other patients
 Eye contact?
 Posture?
 Verbal?

Action Plan
Days 1-7: Monitor and assist the patient.
Day 5: Review and prompt ambulation attempt if the patient is not 

out of the room.
Day 7: All items should have been achieved. Discuss targets with 

the patient, reviewing particular concerns. Consider referral 
to a specialist.

BOX 29-3 Behavioral Observation and Action Plan 
for Maxillofacial Patients
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For many maxillofacial patients, separating the relative 
impact of disfigurement and dysfunction is difficult to do, but 
it is intriguing that studies of other conditions in which there 
is no associated dysfunction (e.g., dermatological conditions) 
find no relationship between severity (usually size or notice-
ability) of the lesion and psychological distress. This appar-
ently counterintuitive finding has been repeatedly reported.19,20 
Similarly, Cordeiro et al.48 compared patients presenting with 
purely esthetic facial concerns with those whose altered facial 
appearance was caused by an underlying medical condition 
and a third group with both functional and esthetic changes 
(i.e., scleroderma). Psychological distress was highest among 
those with purely esthetic conditions and lowest among those 
with additional functional impairment. Given this evidence, 
it is important to consider the psychological impact of any 
change of appearance after trauma; there is no basis for 
assuming that patients with minor scarring are at less risk for 
psychological distress than those with severe scarring. Simi-
larly, after surgery for head and neck cancer, patients with 
severe disfigurement may adapt as well as patients with a 
much less obvious defect. Adjustment involves psychological 
processes, including dispositional optimism, cognitive 
appraisal of the outcome in light of other issues, level of social 
support, and a nonavoidant approach to management. The 
ways in which these factors combine can be understood in 
terms of the impact of the disease on the individual.49 In other 
words, how well can this person adapt to changes caused by 
trauma or treatment given his or her lifestyle and the extent 
of social support available?

The importance of social interaction is highlighted in the 
literature on disfigurement across conditions and re-emerges 
in the quality of life literature as a major determinant of long-
term outcome after maxillofacial trauma. The use of prosthe-
ses, pressure garments for burn injury, and exposure of the 
individual to situations that are perceived as socially embar-
rassing are emphasized. Speech and eating difficulties can 
affect the individual because of their social effects rather than 
because of the day-to-day management in practical terms. 
Interventions aimed at facilitating a patient’s ability to main-
tain social function within the family, at school, and at work 
are a logical development from these findings, and a few suc-
cessful studies have been reported.

Social support, as in many studies of adaptation after 
major surgery or disease, is important in predicting good 
outcome. This is a challenging finding given the premorbid 
characteristics of patients who experience burns, trauma, and 
head or neck cancer, with the very factors that increase risk 
of injury or disease also predicting poor social support. 
Maximizing support is nevertheless an important goal for 
rehabilitation, with relatives involved in planning long-term 
care when possible and, if support is not necessarily evident 
in close family attachments, introduction to lay support 
groups.

Impact of age, gender, and ethnicity must be considered. 
Research studies on disfigurement across conditions find no 
effect for these variables, but this may be because there has 
been relatively little research on large populations, particu-
larly ethnic populations. Given the importance of the face in 
reinforcing feminine stereotypes, however, there remains an 
assumption that facial injuries for girls and women are linked 
with poorer outcomes,50 but later research has stressed the 
importance of appearance for men and older populations.7

The goals of rehabilitation can be summarized in terms of 
reintegration into social and work settings. The importance 
of a rehabilitation program that starts early, preferably preop-
eratively, should be stressed, and it includes strategies such as 
those outlined earlier to ensure that the potential for healthy 
psychosocial recovery is maximized. Together with the 
research on quality of life in head and neck cancer, studies 
using a coping model to underpin the work consistently stress 
the need for patients to be offered some kind of support after 
surgery. Given the evidence of need and the promise of early 
studies’ results, it is surprising that work is just beginning to 
develop and evaluate psychosocial intervention. Group inter-
ventions in particular offer the benefits of increasing social 
support while maximizing cost-effectiveness. Fiegenbaum 
first described the benefits of this approach in 1981, and 
Clarke drew on this approach 20 years later to design an 
intervention that developed the training needs of clinical 
nurse specialists in head and neck cancer and in burns.35 This 
approach is based on a model for understanding much of  
the dysfunction after treatment of head and neck cancer in 
terms of social embarrassment. Patients may look and sound 
differently, and they may report problems with eating in 
public. Using a coping skills approach, patients can learn dif-
ferent strategies for managing these difficulties in the same 
way as they manage social interaction problems associated 
with disfigurement, with positive impact on social function-
ing and quality of life. Clarke demonstrated that nurses could 
deliver effective intervention that had a positive impact on 
quality of life for patients, but the work suffers from small 
sample sizes.

Bessell et al.46 built on the CBT approaches used in clinical 
practice to develop a computerized intervention for people 
with disfiguring conditions. This was effective, with benefits 
evident at the 6-month follow-up, and it proved to be very 
acceptable to patients of all ages. It offers a highly innovative 
approach to managing patients remotely. This field remains 
an area in which the evidence for the benefits of psychological 
rehabilitation is beginning to acrue47 and one that awaits 
robust, long-term evaluation.

PSYCHOLOGICAL IMPACT OF  
MAXILLOFACIAL TRAUMA

Cumulative research confirms that maxillofacial trauma  
may have a major impact on the individual. Patients represent 
a high-risk group for severe psychiatric illness, especially 
given the high incidence of premorbid conditions such  
as alcoholism and substance abuse, which increase the  
probability of severe depression, anxiety, and suicide 
postoperatively.

Psychosocial problems may persist and get worse over 
time, even after medical problems resolve. Measurable psy-
chiatric symptoms may persist months or years after the trau-
matic event, with a resulting breakdown in lifestyle. When 
avoidant coping strategies are used, individuals do not have 
the opportunity to develop a repertoire of positive coping 
responses, and social avoidance may develop into complete 
social isolation. Length of time since trauma is not a useful 
predictor of outcome without considering the patient’s coping 
style.
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literature, or take notes in the consultation. Access to infor-
mation on the Internet, which has no efficient quality control, 
is becoming a problem in medical settings. It remains dif-
ficult to provide the kind of information patients are asking 
for, which facilitates rather than challenges the working 
arrangement between health professional and patient. Clarke 
et al.51 reviewed the information needs of patients contact-
ing the charity Changing Faces and reported that most 
patients were seeking advice about their own role in the 
management of the condition. Newell et al.,52 similarly 
reviewed the information needs of patients with head and 
neck cancer.

In some units, patients are routinely offered a folder of 
information about various aspects of their care or invited to 
hold their own care plans, compiling information on each 
aspect of their care as it becomes relevant. An example is the 
Teamwork Project for cancer patients in the United Kingdom, 
which is run in association with the National Cancer Alli-
ance. Patient-led organizations such as CancerBackup and 
Changing Faces produce a variety of publications that can be 
made available routinely. A more patient-centered and less-
expensive approach is to provide details of what is available, 
when the patient is most likely to find it helpful, and which 
member of the team is the appropriate person to ask. This 
allows the individual to pace the process of information gath-
ering and reduces the chances of misinformation gathered 
from the least-experienced member of the team. It also allows 
the patient to take the lead in eliciting information. All 
written material offered to patients should have the source 
attributed and be dated to ensure quality control standards. 
A small ward or outpatient library can be easily assembled 
and accessed, and it makes good use of time spent waiting for 
appointments. Web resources are available, but high-quality 
information and ease of navigation are important criteria for 
patients accessing the Internet.53

PSYCHOSOCIAL SUPPORT

Patients seeking psychological adjustment require psychoso-
cial support from family members or other sources. Quality 
of support appears to be more important than the number of 
sources, but the supporters often need some assistance to 
enable them to continue to help a family member. Many 
patients express a desire for ongoing support, and charities 
such as Changing Faces are highly regarded in terms of the 
information and activities they can provide for anyone expe-
riencing or caring for someone who is experiencing a disfig-
uring condition. Support groups for specific conditions, such 
as acoustic neuroma and laryngectomy, are well organized 
and highly regarded in the United Kingdom. Specialized psy-
chological support is becoming more prevalent and often is 
provided by clinical nurse specialists and psychology services 
specializing in patients with altered appearance.

STEPPED-CARE APPROACH TO PSYCHOSOCIAL 
MANAGEMENT

The stepped-care approach is fully embedded in cancer ser-
vices, but it has utility in all multidisciplinary settings. Patient 
care includes a psychosocial component in the same way that 
all patients are offered analgesia, routine physiotherapy, and 

PLANNING AND MANAGING  
PSYCHOLOGICAL SUPPORT AFTER 
MAXILLOFACIAL TRAUMA

BUILDING PSYCHOSOCIAL SUPPORT  
INTO ROUTINE PATIENT CARE

Patient Advocacy
Increasingly in specialist services, a multidisciplinary team 
with representation from many disciplines manages patients. 
From the patient’s perspective, this translates into many 
people to see, often at one visit and frequently in one room 
(i.e., goldfish bowl effect). This is a daunting prospect for 
anybody, and the efficiency with which information exchange 
takes place is reduced by the patient’s anxiety. For children, 
there may be concerns that have not been shared with parents 
or caregivers.

One way of overcoming these problems is through advo-
cacy. An initial interview with the patient by one member of 
the team can explain procedures and elicit questions and 
concerns. This member of the team takes responsibility for 
ensuring that everything that is of importance to the patient 
is discussed with the relevant team member. A second review 
session in a one-to-one setting can ensure that all advice is 
clearly understood and that outstanding issues are dealt with. 
In practice, this role can be filled by a designated nurse, clini-
cal nurse specialist, or member of the medical team. This is a 
particularly helpful model for managing rounds in large 
wards.

Information about Patient Satisfaction
The request for information is a consistent finding in research 
into patient satisfaction with diagnosis and treatment in 
studies of quality of life during rehabilitation and throughout 
the health psychology literature. Most patients want to be 
adequately and honestly informed at each stage of treatment, 
although it is important to respect the subgroup of patients 
who prefer to leave all decision making in the hands of their 
medical team.

Balanced against the desire for information, patients 
sometimes complain of being bombarded with information 
at certain points in the treatment course, such as at diag-
nosis, and of feeling bewildered and unable to take it all 
in. Information given verbally at any stage may not be 
remembered accurately. The patient may lack the appropriate 
framework for asking questions, and information may be 
poorly understood. The same problems are reported by rela-
tives and caregivers, even if present during consultation, 
who may remain uninformed or misinformed and therefore 
unable to offer the optimal level of appropriate support 
during treatment and after the patient goes home. Given 
the evidence of the importance of social support in health 
outcomes, caregivers can be seen as a huge untapped or 
wasted resource.

Although health professionals recognize that patients need 
information to manage their working and social lives, they 
have been slower to recognize the role of the individual in 
actively managing the condition. Despite the evidence that 
an informed and knowledgeable patient can expect a better 
outcome, patients may still be viewed with suspicion if they 
ask for a second opinion, want to read professional  
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should be encouraged to have an answer to questions about 
his or her face.

Level Three: Specific Suggestions
At the third level of intervention, the health professional pro-
vides help guided toward a specific problem. This has been 
called the target stressors approach, which builds strategies for 
managing commonly reported problems. This approach is 
used by Changing Faces in their direct work with patients and 
through their information resources.

Nurses in a counseling role, clinical nurse specialists, 
occupational therapists, and maxillofacial technicians are 
well placed to deliver a psychosocial intervention at this third 
level of the PLISSIT model (Table 29-1). Computer-based 
interventions such as FaceIT, developed by Bessell et al.,46 are 
a recent addition to psychological treatment, and evaluation 
of this approach indicates that it is extremely effective.

wound care management. This care may be designed and 
managed by one designated person, but it is delivered by all 
members of the multidisciplinary team. The aim is to ensure 
that treatment outcomes are maximized by providing infor-
mation in a way that promotes understanding, reduces 
anxiety, promotes self-care, and develops appropriate coping 
strategies in the short and long term. This approach provides 
a patient-centered environment that looks beyond the condi-
tion to the individual’s needs and the needs of the family. This 
is psychological support as patients commonly refer to it in 
self-report studies. Their experience is characterized by staff 
attitudes, time available to talk through issues that concern 
them, and information available when they need it. This 
support may be experienced as relative informality, but it 
depends on careful management to ensure that protocols of 
care are in place. Inclusion of the term psychological support 
as part of the nursing process is not enough without ensuring 
that all staff members are appropriately trained and that psy-
chological issues are not dismissed as secondary to the physi-
cal aspects of care.

In some medical units, psychologists may be central in 
organizing support, but in others, mental health professionals 
may not be involved at all. It can be difficult for ward  
team members who offer this standard of care to understand 
what a consulting psychiatrist or clinical psychologist can 
add. “We do all of our own psychological support” is a 
common view.

PLISSIT MODEL

The PLISSIT model54 has four levels of intervention: permis-
sion, limited information, specific suggestions, and intensive 
treatment. It has been used to provide psychosocial screening 
and intervention for persons with sexual dysfunction, and 
Rumsey et al.7 adapted it for use in treating patients with 
disfiguring conditions.

Level One: Permission
A direct approach is encouraged. Permission applies to both 
sides of the interaction, with all patients and all health profes-
sionals encouraged to ask questions about psychosocial 
issues.

We recommend that all patients develop a response to 
answering questions about their appearance that manages 
curiosity by providing a minimal amount of information.21,55 
In practice, this means that all practitioners are responsible 
for raising questions about appearance (Box 29-4).

A good answer is one that demonstrates that the person 
has anticipated the situation and has a plan or is clearly not 
distressed about the likelihood of this kind of intrusion. A 
response that suggests the patient is hoping no one will notice 
or is putting life on hold until he or she looks normal again 
should prompt an offer of more information.

Level Two: Limited Information
Health professionals must manage the responses that they get 
directly or by referral. No one is likely to ask if he or she has 
no idea about how to manage the answer or believes this 
approach will be time consuming.

Resources such as details of support organizations or 
website addresses provide a limited information response. At 
a minimum, anyone who has an unusual facial appearance 

Data from a personal communication from G.M. Coughlan, 2000.

BOX 29-4 Psychological Screening Process for 
Identifying Patients’ Appearance-Related 
Concerns

Step One
Question 1: How do you think the change in your appearance will affect your 
life, if at all (record response)?
• If the patient indicates no impact, confirm with a query: “Is there nothing 

that you will feel uncomfortable about when you first go home?”
• If yes, go to step 2. If no, go to step 3.

Step Two
Question 2: What specific things do you feel less comfortable about (list three 
examples)?
1. 
2. 
3. 

Step Three
Patients sometimes ask what to do when other people ask questions about their 
condition. The patient may ask, “What kind of thing would you do in my posi-
tion?” Use the patient’s condition as the example, and record your response.

Step Four
The patient’s behavior is observed during the assessment.
• Did the patient avoid making eye contact with you? Y/N
• Did the patient try to conceal his face by turning to one side or covering his 

face with his hand? Y/N

Step Five
Action planning is based on analysis of the situation.
1. Based on the patient’s verbal and nonverbal responses to your questions, do 

you think there are any social or emotional consequences of the change in 
his appearance due to maxillofacial trauma? Yes No Maybe (circle 
one)

2. If your answer is Yes or Maybe, will you:
• Suggest that he speaks to the psychologist
• Ask the psychologist to speak to him
• Offer him relevant information
• Suggest a coping strategy yourself
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a good clinical interview can be equally important. Many 
psychological issues, particularly problems such as poor 
sexual function, rarely are volunteered by the patient and are 
not identified unless there is a commitment to discussing 
psychosocial issues by all members of the care team.

Children are particularly difficult to assess, because they 
may deny their problems completely or rate them as much 
worse than the ratings given by their parents. A specialist’s 
assessment is indicated when there are signs of problems, 
which may first be evident as a breakdown in behavior rou-
tines or concern about bullying.

In practice, a stepped-care approach works effectively only 
in settings in which psychological support is a routine part of 
the treatment package, appropriate assessment procedures 
are in place, and pathways to appropriate referral are available 
and properly understood.

PLANNING FOR ELECTIVE SURGERY

MODIFICATION OF RISK BEHAVIORS

The nature of maxillofacial trauma means that many patients 
are treated on an emergency basis. However, for patients with 
conditions for which a series of surgical procedures is planned 
as part of reconstructive surgery, psychological assessment 
can be beneficial. In addition to screening for PTSD or other 
psychiatric symptoms that require treatment, psychologi-
cal support may target risk behaviors. A smoking cessation 
program can provide real benefits in terms of lung function 
and wound healing, even if the patient stops smoking a few 
days or weeks before surgery. Alcohol intake should be care-
fully assessed because detoxification over a few days can 
prevent problems of acute confusional states postoperatively. 
Protocols for managing substance abuse range from early 
admission of patients (by a few days), so that alcohol can be 
withdrawn and appropriate medication substituted, to indi-
vidual sessions supporting smoking withdrawal.49

LOOKING IN THE MIRROR AND EARLY 
SOCIALIZATION

Most specialist units remove mirrors so that the introduction 
to a new appearance can be planned; in practice, most patients 
catch sight of themselves in reflective surfaces anyway. It 
makes sense to ensure that appearance is optimized as much 
as possible (e.g., wait until the edema is reduced). However, 
it is important that protocols do not unwittingly promote a 
policy of avoidance. The key to successful rehabilitation is 
confrontation and management of change, and this approach 
should begin as soon as possible.

The first step is education. In this phase, the patient needs 
to understand that appearance will continue to change dra-
matically and that the current status is not the end of the 
process. Questions should be answered frankly, and uncer-
tainty about the outcome should be framed as much as pos-
sible in terms of the control that the individual can exert. For 
example, the long-term presence of disfigurement or scars 
can be discussed in terms of the use of pressure garments.

However well prepared, patients do experience shock and 
need time to talk about their feelings. They may choose to 
talk about how they feel, they may wish to have time before 

Level Four: Intensive Treatment
Psychologists use higher intensity evidence-based approaches 
to manage behavior. Intervention may occur before sur-
gery to deliver appropriate smoking or alcohol cessation  
programs, to assess information needs and expectations of 
surgery, or to manage other problems identified by the mul-
tidisciplinary team. Problems may be identified postopera-
tively in terms of poor coping or socialization in line with a 
Dropkin-style protocol, or patients may have increased 
anxiety or depression, flashbacks, or other symptoms requir-
ing treatment. Long-term follow-up can disclose failure to 
re-engage in day-to-day activities, social avoidance and isola-
tion, poor adherence with treatment (e.g., use of pressure 
garments), or for children, school refusal or failure.

Any psychological approach is only as good as the screen-
ing process that identifies the patient’s problems. At the inpa-
tient stage, progress with early socialization, monitoring of 
mood and self-care behaviors, and an apparent lack of social 
support can be important indicators for identifying who 
needs further help. Standardized measures such as screening 
instruments for anxiety and depression and quality of life 
measures can be useful in assessing long-term outcome, but 

From Rumsey N, Clarke A, Harcourt D, for the Appearance Research Collaboration (ARC): 
Factors and processes associated with positive adjustment to disfiguring conditions. Report to 
the Healing Foundation, 2009: www.thehealingfoundation.org. Accessed April 28, 2011.

TABLE 29-1 Stepped-Care Framework for 
Interventions to Promote Psychosocial 
Adjustment in Appearance Concern

Level of 
Intervention Description

Example of 
Intervention

Health Professional 
Background

Level 1 Permission Sensitive exploration of 
psychosocial concerns

All health 
practitioners 
including general 
practitioners, practice 
nurses, National 
Health Service 
(NHS) Direct

Level 2 Limited 
information

Written information, 
recommended websites 
and contact details for 
support groups; 
answers basic questions 
about visible differences

All health 
practitioners working 
with target groups, 
including doctors 
and nurses in 
relevant specialties

Level 3 Specific 
suggestions

Social skills training, 
dealing with staring, 
comments, and 
questions; managing 
social situations 
proactively

Nurses in a 
counseling role, 
clinical nurse 
specialists, 
occupational 
therapists, 
maxillofacial 
technicians, support 
groups

Level 4 Intensive 
treatments

Cognitive-behavioral 
therapy aimed at 
identifying and 
modifying maladaptive 
appearance schemes

Specialist training in 
cognitive-behavioral 
therapy

http://www.thehealingfoundation.org
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PLANNING FUTURE CARE

After the immediate life-threatening phase is over, the 
patient’s concerns are about the uncertainty of the future and 
what can be done in terms of medical and surgical input. The 
uncertainty of outcome after maxillofacial trauma is com-
pounded by the length of time involved in waiting to see how 
well reconstructive techniques have worked before planning 
the next phase. Understanding that the medical team does 
not yet know precisely what further surgery will be needed 
can be difficult. It is frustrating to the medical team too to 
word responses in a way that can come across as evasive.

Putting a time frame on decisions, preferably within a 
written care plan, is of great value to the patient. A clear 
indication of how frequently appointments will be planned 
and the kinds of decisions that will be made at each one is 
very reassuring. Structuring the time between decisions in 
terms of patients’ and relatives’ roles turns what is effectively 
a wait-and-see process into one of active management and 
control. For example, diary keeping of significant personal 
events and treatment compliance (e.g., wearing of pressure 
garments, taking medication) and the use of photographs 
pasted in to record change are ways the family can measure 
progress. These kinds of approaches are especially helpful 
with children who have less understanding of time. It is also 
important to stress that physical and psychological recovery 
may proceed at different rates. Patients have not necessarily 
recovered because the wound has healed. Relatives can find 
this very difficult to absorb and lay organizations or support 
groups can help people through this stage.

PSYCHOLOGICAL ASPECTS OF  
FACIAL TRANSPLANTATION

Facial transplantation was proposed as a reconstructive 
option after severe trauma in 2002,56 and it became a clinical 
reality with the first partial facial transplantation carried out 
in France in 2005.57 Several successful procedures have been 
reported.1 Initial concerns centered on the technical chal-
lenges of the procedure, the necessity of long-term immuno-
suppression, and the psychological issues associated with 
transplantation of facial tissue, particularly altered appear-
ance.58 The initial response to the concept of facial transplan-
tation from both the general public and The Royal College of 
Surgeons (RCS) was very cautious with a strong recommen-
dation that the potential unknown consequences of the pro-
cedure outweighed any clinical benefit. Concern about the 
likelihood of transferring identify from donor to recipient 
was very prevalent with considerable doubt about whether 
people would be prepared to donate facial tissue. The justifi-
cation for immunosuppression for an essentially quality of life 
procedure also generated much debate. These issues have 
been gradually resolved by the steady publication of research 
studies examining the evidence and the use of computer gen-
erated images to illustrate the proposed procedures. Ulti-
mately, it was the successful undertaking of the first partial 
face transplantation and its meticulous documentation that 
paved the way for this procedure to enter the clinical field.57

The prediction of major psychological problems for 
patients after transplantation has not been substantiated, with 
recipients positive about the procedure and re-engaged in 

talking, or they may choose not to disclose their feelings. 
Managing this process at a time when the patient is assured 
of the opportunity for contemplation, rather than just before 
visitors are due, is important. This process has been likened 
to bereavement or grieving for the lost self, and the emphasis 
is on the chance for someone to talk about his or her feelings 
rather than offering management strategies at this stage.

Beliefs about the future are likely to be confused. People 
may feel that their plans and hopes about the future have 
vanished. Catastrophizing or magnifying negative events may 
lead to a situation in which the patient thinks that he will 
never work again, never have friends, or never form relation-
ships. Acknowledging this pattern of thinking without neces-
sarily probing too far is a helpful intervention at this stage. 
Talking in general terms about these patterns of thinking, 
particularly when changing dressings or helping patients with 
self-care activities, helps to acknowledge these thoughts as a 
normal part of the response to trauma. This is also a chance 
for extreme reactions or altered mood to be identified.

As the initial shock of the trauma becomes less extreme, 
focusing on behavior becomes a key intervention. Involving 
patients in their own self-care, such as dressings, and encour-
aging relatives to ask whether cutting up food or doing up 
buttons is helpful before assuming the care role help to 
promote independence from the outset. Early mobilization 
around the unit provides the earliest opportunities for social 
interaction and the basis for building key nonverbal strate-
gies. Encouraging patients to stand up with a good posture, 
to maintain eye contact, to nod, and to stop and talk to other 
patients and discouraging behaviors such as covering the face 
with the hand or trying to let hair fall forward over the face 
are important strategies.

Gradually building on this behavior each day provides the 
foundations of effective coping and influences patients’ beliefs 
and feelings about themselves and their opportunities for the 
future. Verbal coping strategies can be supported by written 
information, but learning to answer simple questions about 
appearance is a useful skill. Anyone who has sustained a facial 
injury will be questioned (What happened to your face?). 
Giving a simple answer to the question is something that every-
one should be prepared for and should feel confident about.

Early socialization can be implemented as a protocol with 
assessment at key stages and planned intervention when 
problems arise. In practice, this is the same process as wound 
management, in which stitches are inspected for signs of 
infection, they are removed on a set day, and antibiotic 
therapy (i.e., remedial process) is triggered when problems 
arise. For example, the patient who is particularly tearful or 
reluctant to leave his room by the end of the first week may 
be referred for help from the psychologist. A three-point 
standard for all patients who have altered appearance at the 
point of discharge is provided in Box 29-5.

Data from Rumsey N, Clarke A, White P, Hooper E: Exploring the psychosocial concerns of 
outpatients with disfiguring conditions, J Wound Care 12:247-252, 2003.

BOX 29-5 Three-Point Standard for Patients with 
Altered Appearance at Discharge

• Patients should have the name of the appropriate support group.
• Patients should have access to relevant information about their condition and 

its management.
• Patients should be able to answer simple questions about their condition.
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disciplines, different therapists have preferred models for 
understanding behavior. What works for whom is an impor-
tant topic, and a brief outline of these approaches and their 
appropriateness in various situations is given to facilitate 
effective clinical referral, service planning, and therapy 
delivery.

PSYCHIATRISTS

Physicians who work within a medical model understand 
psychiatric symptoms, such as depression, in terms of illness. 
Psychologists understand depression more in terms of a 
response to a set of maladaptive thoughts, beliefs, and behav-
iors. Some psychiatrists offer psychotherapy. Others refer to 
other health professionals if they think that psychotherapy 
may be helpful, but only psychiatrists are qualified to treat 
patients using medication.

CLINICAL PSYCHOLOGISTS

Qualified psychologists have undergone postgraduate train-
ing. They are essentially problem solvers, drawing heavily on 
their knowledge of research to help their clients understand 
the nature of their difficulties and designing and testing effec-
tive solutions. Clinical psychologists may use a number of 
approaches in their work, but they usually set clear targets 
and measure outcomes.

COUNSELORS

Counselors may have only 1 or many years of training. They 
use their relationships with their clients to provide an envi-
ronment in which clients can work on living more resource-
fully and successfully. The counselor’s role is to listen and to 
help the client to clarify and organize his or her thoughts. A 
counselor does not give advice in the sense of suggesting 
solutions. Counselors may not have a degree in psychology 
or use the scientific understanding of behavior in their work, 
but they often have expertise in working in a specific area, 
such as cancer, bereavement, and disfigurement.

PSYCHOTHERAPISTS

Psychotherapists are most easily defined by comparing what 
they do with the work of counselors. There is much overlap 
between counseling and psychotherapy, with many counsel-
ors arguing that what they do is psychotherapy. In practical 
terms, counseling may address what is happening here and 
now, whereas psychotherapy may evaluate repetitious pat-
terns of behavior. This means that counselors usually are 
working with their clients on a specific problem, and psycho-
therapists are working on a more general approach to manag-
ing a problem in a different way.

CHOOSING A SPECIALIST

All of the specialists described may have a role in treating 
patients with maxillofacial trauma. There is a clear role for a 
consultant psychiatrist in managing PTSD, anxiety, and 
depression with appropriate medication. Clinical psycholo-
gists often work with psychiatrists in the management of 
anxiety and depression; they use a cognitive-behavioral 

social activity. Quality of life is improved, and the lifestyle 
goals of the patients have been achieved. Acute rejection has 
been managed by a temporary increase in the dosage of 
immunosuppressive medication, although long-term out-
comes are not yet available. The incidence of chronic rejection 
has not yet been reported.

There have been major changes in the regulation of the 
procedure. The Royal College of Surgeons58 and American 
Society of Plastic Surgery guidelines59 stress the importance 
of highly skilled teams with surgeons, psychologists, trans-
plantation clinicians, and therapists. This multidisciplinary 
approach characterizes the successful programs underway. 
The biggest threat to facial transplantation would be an 
unethical procedure or one carried out without appropriate 
assessment or team support for the patient over the long  
term.

PSYCHOLOGICAL ISSUES IN  
RECONSTRUCTIVE SURGERY

Although there is a clear and logical imperative for surgery 
that aims to restore function, techniques used for restoring 
appearance stimulate a wider debate. The medical team and 
the patient can find psychological support useful in the 
process of decision making. Reconstructive surgery can con-
tinue forever in the sense that there is always the opportunity 
to revise a scar and to make minor improvements to appear-
ance. Sometimes, the patient seeks additional surgery, and 
sometimes, surgeons feel a responsibility to suggest further 
revision if improvement is possible. Both groups may find it 
difficult to work out the cost-benefit analysis, which focuses 
on the individual and the likely improvement in his or her 
lifestyle and self-esteem rather than on the surgical result. 
Perceived noticeability (the subjective view of the patient) is 
very important, although patient expectations of what is pos-
sible may exceed what the surgeon can achieve. Psychological 
assessment can help patients to understand the benefits of 
surgery in this context, to examine their motivations and to 
decide the point at which they feel comfortable about stop-
ping the search for surgical solutions. Intervention can be 
useful when there are unrealistic expectations about what 
surgery can achieve, and when the motivation for surgery is 
principally about self-confidence, psychologists can help to 
clarify the relationship between objective physical appearance 
and self-esteem.

This is a field in which reliable instruments for measuring 
change are invaluable. Development and publication of the 
Derriford Appearance Scale60 has enabled much better evalu-
ation of long-term outcomes. It has helped us to learn more 
about the factors and processes that underpin adjustment of 
patients with disfiguring conditions.

PROVIDERS OF PSYCHOSOCIAL SUPPORT

One of the difficulties for the medical team working in this 
area is to understand the differences between the many dis-
ciplines offering psychological support. Referral to a clinical 
psychologist, a psychiatrist, a psychotherapist, or a counselor 
may result in quite different goals for the patients and differ-
ent approaches to their management. Even within these 
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approach to help patients to challenge unhelpful beliefs and 
develop more appropriate behaviors. Clinical psychologists 
may also employ a coping framework to help patients develop 
more positive coping strategies through anxiety management 
and graded exposure aimed to overcome social avoidance. 
Psychologists may work with schools to ensure that a child’s 
needs are fully understood and that there are recognized pro-
cedures in place to manage discrimination.

Psychiatrists and clinical psychologists offer forms of 
therapy that are highly structured and directive. Patients are 
prescribed a course of treatment or consent to a series of 
therapeutic sessions in which the focus of intervention is 
behavioral change. Targets are set, and outcomes are mea-
sured. In contrast, psychotherapy and (usually) counseling 
are nondirective, with the therapist following the lead of the 
patient.

Although there has been little research into what works for 
this population, there is evidence for the directive approach 
to management. Coping skills training has been demon-
strated to be effective in individual and group settings. Coun-
selors employed in health settings often take a more 
solution-focused approach to treatment than in other set-
tings, but long-term individual psychotherapy is probably 
indicated only when there are long-standing emotional dif-
ficulties. Long-term psychotherapeutic groups have not been 
evaluated for this population.

The distinction between directive and nondirective 
approaches is important in considering lay support groups. 
The stereotypical support group, a collection of people sym-
pathizing with each other about their problems, is not helpful. 
However, good patient-led support groups adhere much 
more closely to a coping model, promoting self-management, 
inviting speakers to talk about specialized aspects of their 
condition, and providing focused and informed support to 
their members. They are an increasingly important resource 
in the long-term management of all chronic medical 
conditions.

CONCLUSIONS

Patients who have undergone maxillofacial trauma require 
psychological support, with particular emphasis given to the 
management of appearance-related concerns. A stepped-care 
approach is used to manage psychological issues.61

Providing a supportive environment for patients is impor-
tant for preventing long-term problems and for identifying 
issues that require more focused input. Effective support is 
delivered by the whole multidisciplinary team rather than 
exclusively by mental health professionals. Changing Faces is 
an organization that can provide support in the form of train-
ing courses and study days and through access to relevant 
resources.

Access to mental health specialists varies in different units. 
Psychiatry consultations may be more easily accessed than 
help from psychologists, although this direct help is also 
available through lay routes. The important message is that 
psychological support is more than simply providing a listen-
ing ear, and clinical intervention using the kind of directive 
approaches that have been outlined provides patients with 
psychological alternatives for managing the impact of maxil-
lofacial trauma.
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30
Biomaterials in Craniomaxillofacial Surgery

C HA P T E R 

Rudolf R.M. Bos, Henk J. Busscher

Materials used to support or replace diseased tissues, 
collectively called biomaterials, play an important 
role in craniomaxillofacial surgery. Collaboration 

among material scientists, biomaterial engineers, clinicians, 
and clinical investigators has accelerated understanding of 
the requirements and potentials of various implant materials. 
Alloplastic materials play an essential part in the reconstruc-
tion of function and contour in craniomaxillofacial surgery. 
Many different polymers, metals, ceramics, and composites 
are used as biomaterials. Some, such as osteosynthesis materi-
als, are used to achieve a temporary goal; others, such as 
artificial joints, need to function for sometimes a lifetime.
There are many requirements that biomaterials must meet if 
they are to form either a temporary or a lasting union with 
the part of the body being treated. Adequate strength or, more 
probably, suitable mechanical characteristics, is a necessary 
but not the only feature; chemical and electrical factors and 
biological responses all contribute to success or failure.1

Very often, the primary requirement is mechanical 
strength. Biocompatibility is considered a secondary require-
ment, despite the fact that many biomaterials applications in 
the human eventually fail due to infection. In his Science 
paper, the famous biomaterial scientist, Antony G. Cristina, 
went as far as to call biomaterials in the human body a 
“microbial time bomb,” because they seem to have an almost 
“magnetic” action on infectious microorganisms. Whether a 
biomaterial becomes infected depends in part on what is 
described as a “race for the surface” between tissue cells and 
microorganisms.2 The so-called wetability of a biomaterial’s 
surface determines the outcome of this race, either full inte-
gration of an implant (when the race is won by tissue cells) 
or infection (when it is won by microorganisms) (Fig. 30-1).

This chapter reviews the biomaterials most commonly 
used in craniomaxillofacial surgery.

BONE SUBSTITUTES

Bone grafts are increasingly used in cases of trauma, tumor 
surgery, and congenital absence or hypoplasia and for strictly 
esthetic purposes. Many surgeons prefer the use of autoge-
nous bone grafts to reconstruct bony defects. Autogenous 
bone grafts have disadvantages including shortage of  
donor sites, donor site morbidity, growth deformity, and 
unpredictable resorption. The favorite donor sites for 

craniomaxillofacial reconstruction are calvaria, rib, and iliac 
bone. It seems that there is less resorption or at least slower 
with cranial bone than with rib or iliac bone.3 Over the past 
20 years, many kinds of biomaterials have been developed 
that can be used as bone graft substitutes. They have demon-
strated their usefulness in craniomaxillofacial reconstruction 
with their ability to augment and replace portions of the cra-
niofacial skeleton.

DEMINERALIZED BONE

Demineralized bone can be used for reconstruction of cra-
niomaxillofacial defects.4 The advantages of using demineral-
ized bone are that it is pliable, easy to shape and to fit, available 
in limitless supply, and free from donor morbidity, which is 
particularly useful in children. Implantation of demineralized 
bone hardly affects tissue reaction and osteoclastic activity; 8 
to 12 weeks after the implantation of demineralized bone, 
new bone formation was noticed in histological evaluations. 
Fragmentation of the implanted demineralized bone was 
observed 12 weeks postoperatively but in combination with 
new bone formation and without multinuclear cell activity. 
Hydrolytic enzymes may be the cause of this fragmentation. 
At 4 years after implantation, there were still large areas of 
nonvital bone without osteocytes in the bone lacunae and 
osteoblasts on the surface. Several areas showed fragmenta-
tion of the autogenous bone matrix. Several areas contiguous 
with nonvital bone showed evidence of transformation into 
living bone and remodeling. Active resorption, osteoclasts, 
and inflammation of fibrous changes were not observed in 
the long term.

Demineralized bone pastes5 are composed of living osteo-
blasts derived from homograft materials. Theoretically, they 
provide osteogenic cells capable of inducing osteogenesis. 
Demineralized bone pastes can be used alone or in combina-
tion with other materials such as hydroxyapatites. The advan-
tage of such a combination is that it provides a structural 
supporting matrix with cells that have osteogenic ability.

HYDROXYAPATITE

Hydroxyapatite (HA) is the principal mineral component of 
bone and determines 60% of the calcified human skeleton. It 
has been manufactured synthetically for more than 30 years 
and has been in clinical use for at least 20 years.6 Certain 
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time. Another means of preventing migration is to combine 
HA granules with resorbable carrier compounds. The very 
important advantage of porous HA is the ingrowth of fibro-
osseous tissue: the implant becomes fixed to the surrounding 
bone within a few weeks. After completion of fibro-osseous 
tissue ingrowth, the implant consists of approximately 40% 
residual HA implant and 60% fibro-osseous tissue. Porous 
HA in block form is rather fragile and very difficult to contour 
(Fig. 30-2). Therefore, its application has been limited in cra-
niomaxillofacial surgery. Use of porous HA for alveolar ridge 
augmentation (Fig. 30-3) has demonstrated that the implant 
is resistant to infection after fibro-osseous tissue ingrowth is 
finished, but it easily becomes exposed, especially if the over-
lying soft tissue is thin or compromised.10

Porous ceramic HA can be chemically combined with 
various biomaterials to improve its physical properties. It can 
also be used as a carrier of bioactive substances such as bone 

marine corals consist of HA and have a structure that is 
similar to that of human bone. There are two forms of HA: 
ceramic and nonceramic. Nonceramic HA is not sintered 
after the HA crystals have been formed and therefore is more 
absorbable in vivo than the ceramic form. Ceramic forms of 
HA have excellent biocompatibility and show osteoconduc-
tion and osseointegration when placed in direct contact with 
viable bone. Osteoinduction is not evident because of the 
absence of inductive growth factors.7 Nonceramic HA can 
also be formed into cements, whereas ceramic HA cannot.

Ceramic Hydroxyapatite
Ceramic HA is synthesized in crystal form at low pH and 
then heated (sintered) at 700° C to 1300° C to form a solid 
mass of HA. Ceramic HA is available in two forms: dense and 
porous. The dense form is completely synthetic, it has no 
pores and can be fabricated into blocks or granules, which are 
difficult to shape and do not permit tissue ingrowth. Granules 
have greater contour adaptability than the solid blocks but 
have no intrinsic structural integrity and do not become 
mechanically stable until surrounded by fibro-osseous tissue. 
Dense HA granules are difficult to contain within the desired 
site of implantation, and there is a possibility of migration to 
unwanted areas after several months or years.8

Porous HA can be produced synthetically, or it can be 
based on the skeletons of marine coral. The calcium carbon-
ate skeleton of the coral is chemically converted to HA, with 
the original porous structure of the coral retained.9 Porous 
ceramic granules appear to be less prone to migration over 

FIGURE 30-1  The  “race  for  the  surface.”  If  the  race  is  won  by 
tissue  cells,  a  stable  implant  is  achieved.  If  infecting  organisms  are 
able to colonize an implant before the arrival of  the first  tissue cells, 
failure is imminent. 
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FIGURE 30-2  A block of porous hydroxyapatite used for widening 
of the chin. 

FIGURE 30-3  A, Orthopantomogram of a patient with an extremely 
resorbed mandible. B, Subperiosteal injection of hydroxyapatite gran-
ules  for  augmentation  of  the  mandible.  C,  Orthopantomogram  12 
weeks after augmentation with hydroxyapatite granules. 
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are ubiquitous in the human environment and have begun to 
displace metals and ceramics from traditional applications. 
Polymers and polymer-based composites represent one of the 
most exciting areas of modern materials science. They 
combine moderate strength, low cost, and easy raw material 
availability with the ability to regulate physical properties by 
design of composition, internal structural arrangement, and 
processing. Nowhere has the impact of modern polymeric 
materials been greater than in medicine, with the resulting 
wide use of polymeric disposable supplies, dressings, and 
sutures and the incorporation of polymers into medical 
devices, surgical instruments, and implants.1 The most widely 
used applications are discussed in this chapter.16,17

POLYDIMETHYLSILOXANE

Polydimethylsiloxane, better known as silicone, has been 
widely used in craniomaxillofacial surgery. It has proved to 
be highly compatible with soft tissues. It is easy to shape, is 
resistant to the physiological environment, and can be pro-
duced with a wide range of mechanical properties. Its surface 
is hydrophobic (Table 30-1). Depending on the number and 
nature of side chains and crosslinks and the average molecu-
lar weight, the resulting materials may be liquid or solid, 
rubbery or brittle. They may be produced as thermoplastics 
or as two-part thermoset materials. The latter are used to 
manufacture a custom mold either before implantation or in 
situ. The natural host response to the smooth surface of sili-
cone is a fibrous encapsulation. To prevent extrusion of sili-
cone implants, the overlying soft tissues should not be thin, 
unstable, or under tension (Fig. 30-4). Injections of large 
amounts of liquid silicone for purposes such as breast aug-
mentation may induce systemic toxicity.

The poor abrasion resistance of silicone rubbers prevents 
their use in weight-bearing applications. Abrasion of silicone 
causes a granulomatous inflammatory reaction, both locally 
and in regional lymph nodes. Because of an ongoing con-
troversy regarding the charge that silicone breast implants 
can cause connective tissue disease,18 silicone as a cranio-
maxillofacial implant material has disappeared from the 
market almost completely. Silicone blocks have been widely 
used for craniofacial augmentation purposes, such as malar 

morphogenetic proteins, which increase the ingrowth of bone 
into the pores.11

Nonceramic Hydroxyapatite
Tetracalcium phosphate cement (HA cement) is a form of 
nonceramic HA. It is the only calcium phosphate cement that 
sets into a stable shape and is converted in vivo to pure HA. 
It can be produced by direct crystallization of HA at physi-
ological pH and temperature and does not require heating to 
form a structurally stable implant. The dry cement is com-
posed of tetracalcium phosphate and dicalcium phosphate. It 
sets in approximately 15 minutes and converts to HA within 
4 hours.12 After conversion to HA it is no longer water soluble 
and is slowly replaced by bone over time. Its contour is stable. 
Animal studies13 proved that 35% of implanted HA was 
replaced by fibro-osseous tissue; after 12 months, bone 
replaced 75% of this fibro-osseous tissue. Even in human 
clinical trials, the cement was found to be functionally non-
resorbable over 42 months on the basis of computed tomo-
graphic scans and incidentally by direct intraoperative 
inspections during secondary surgery.

These biologically active forms of HA cement are espe-
cially useful in situations where contour is not an important 
factor or where bone replacement of the implant material is 
necessary, such as reconstruction of skull base defects, ortho-
pedic applications, and pediatric craniomaxillofacial surgery. 
HA cement may be used in the growing skull because it has 
been observed to have no adverse effects on development.13 
HA has no toxic reactions, and it has a low rate of infection 
(about 4%) even when the HA implant is in contact with the 
paranasal sinuses or oral cavity.14 An important disadvantage 
of HA cement is that it is very difficult to give it the desired 
contour because it tends to settle with gravity during the 
setting process. HA granules may also be mixed with fibrocol-
lagen and autogenous blood to form a paste that can be 
injected into subperiosteal pockets. It becomes firmly fixed 
by fibrous tissue ingrowth from the surrounding tissues. It 
has been used to augment the malar bone, premaxilla, nasal 
dorsum, and glabella area. Large volumes of this paste have 
been used to fill cranial defects in children. The infection rate 
was about 3%.14

A mixture is on the market consisting of type I bovine 
dermal fibrillar collagen (PFC) and a mixture of 65% ceramic 
HA and 35% β-tricalcium phosphate (TCP) granules. The 
HA-TCP granules and the PFC are separately packed; they 
are mixed in the operating room to form a granular, nonset-
ting paste. Autogenous bone marrow can be added to the 
mixture to give it more osteoinductive and osteogenic prop-
erties. This mixture allows bony ingrowth and rapid vascu-
larization. However, it is nonsetting and can easily become 
deformed before fibro-osseous tissue ingrowth has occurred. 
Contour change and volume loss occur because of resorption 
of both the collagen and the TCP component, amounting to 
about 40% of the total mixture. The addition of autogenous 
bone marrow to the mixture decreases the infection rate from 
5% to 2.5%.15

POLYMERS

In general, polymers are thought of as plastics, relatively weak 
solid materials that soften as temperature increases. Polymers 

TABLE 30-1 Chemical Structure of Various Polymeric 
Biomaterials and Metals

Polymer Name Chemical Functionality
Water Contact 

Angle (degrees)

Silicone rubber -(O-Si-CH3)- 111
Polyethylene =CH2′-CH3 95-100
Polypropylene 94
Polytetrafluoroethylene 
(PTFE)

=CF2′-CF3 104

Polymethylmethacrylate 
(PMMA)

70-80

Polylactide (PLA)
Titanium (oxide) 35-45
Stainless steel 65-75
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Methyl methacrylate has two different components, a 
mixing powder polymer and a liquid monomer. The chemical 
reaction is exothermic, and the associated toxicity is related 
to the free monomer component. Cardiovascular collapse 
and even death have been described in patients undergoing 
a total hip replacement with freshly mixed methyl methacry-
late but not with its use in craniofacial surgery. The free 
methyl methacrylate monomer can cause asthmatic 
reactions.

PMMA has been used for reconstruction of skull defects 
for many years, in cement form and in a presurgically shaped 
and polymerized solid implant form (Fig. 30-6). Patients with 
isolated cranioplasty rarely experience infections, but the 
infection rate increases considerably (to about 23%) in 
patients undergoing a cranioplasty simultaneously with 
reconstruction of the orbital wall or nose. If the facial contour 
requirement is important, especially preshaped PMMA deliv-
ers a predictable contour without any resorption.21 PMMA 
may be used in adult patients with healthy overlying soft 
tissues and no infection. It is not an adequate implant mate-
rial for reconstruction of craniofacial bones in the growing 
child.

POLYTETRAFLUOROETHYLENE

Polytetrafluoroethylene (PTFE) is used as a base material for 
various implants.1 It is frequently used for so-called guided 
tissue regeneration of dental alveolar bone in dental implan-
tology (Fig. 30-7) and periodontology. PTFE sheets, sold 
under the trade name Gore-Tex, prevent fibrous tissue 
ingrowth and allow bony regeneration of a blood clot covered 
by the Gore-Tex fabric.

A composite of PTFE reinforced with carbon fibers or with 
aluminum oxide (Proplast) has been widely used for malar 
(Fig. 30-8) and chin augmentation. Proplast is a microporous 
material that does not allow fibrous or bony ingrowth. It was 
initially reported that Proplast did not give rise to many com-
plications. It seemed to have a low infection rate of about 4%, 
displacement was rare (3.5%), and implant removal was 
required in about 8%. However, this implant material is no 
longer manufactured, perhaps because of a high incidence of 
infection and displacement in the long run.22 We used Pro-
plast for bilateral malar augmentation in a series of 10 patients 
operated on at the beginning of the 1980s; 19 of the 20 

bones, chin, and nasal dorsum. Care should be taken to 
prevent migration of the blocks and erosion of the underly-
ing bones as well as perforation of the compromised overlying 
skin.16

POLYETHYLENE

Polyethylene is one of the most commonly used biomateri-
als.1 It is the base polymer for other materials such as poly-
propylene and polytetrafluoroethylene (PTFE). It elicits a 
minimal tissue reaction, especially when manufactured in a 
high-density, high-molecular-weight form. In this form, it 
serves as a reference standard for other materials because of 
its minimal tissue reaction. Ultra-high-molecular-weight 
polyethylene (UHMWPE) has proved to date to be the best 
polymer for load-bearing applications in metal-polymer wear 
pairs such as artificial joints. Artificial temporomandibular 
joints have been developed in which UHMWPE serves as an 
artificial disc placed between a metal fossa part and a ceramic 
condylar head19 (Fig. 30-5).

Polyethylene is also available in a porous form. The porous 
structure of this implant material allows ingrowth of soft 
tissues 1 week after implantation and bony ingrowth by 3 
weeks. The porous polyethylene is easy to shape but difficult 
to remove after ingrowth.20 A porous polyethylene reinforced 
with titanium is available to reconstruct bony defects of the 
skull after tumor ablation or trauma. Excellent craniofacial 
symmetry and stability are achievable. Many implant forms 
are commercially available, including malar, chin, mandible, 
nasal bone, and orbital floor implants. Flexible porous poly-
ethylene blocks can be ideally suited to repair small to 
medium-sized cranial defects. Host response to polyethylene 
is mild, and complications are rare. Porous polyethylene has 
an advantage over autogenous bone in that it is not suscep-
tible to contour change. It has proved to be a safe and effective 
bone substitute for contouring of the facial skeleton.

POLYMETHYLMETHACRYLATE

Polymethylmethacrylate (PMMA) has been used as bone 
cement for 40 years. It is an acceptable space filler that is not 
resorbed.1 Its mechanical properties are excellent to serve as 
a bone replacement in the craniofacial area, and its surface is 
moderately hydrophobic (see Table 30-1).

FIGURE 30-4  A,  Dehiscence  of  a  silicone  implant  used  for  cosmetic  reconstruction  of  the  nasal 
dorsum. B, The silicone implant after removal from the nose. 
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RESORBABLE POLYMERS

The polymers discussed so far are intended to retain their 
shape and their essential properties after implantation. 
However, there are a number of applications for which it 
would be desirable to have properties change or even to have 
the material completely disappear with time. This principle 
has been long recognized in the use of resorbable subcutane-
ous sutures. One of the most challenging of these potential 
applications is in internal fixation of fractures and osteoto-
mies (Fig. 30-9).9 It would be ideal to have a device that slowly 
weakens and eventually disappears, transferring load to the 
healing bone and encouraging maximal Wolff ’s Law 
remodeling.

In the past 3 decades, much progress has been made in the 
development of biodegradable materials for osteosynthesis. 
Most bioresorbable osteosynthesis materials used today are 
produced from synthetic semicrystalline poly(α-hydroxy 
acid) polymers (PHAs).27 Polylactide (PLA) is most often 
used, because it is most suitable for producing implants with 
acceptable mechanical properties (Fig. 30-10). Polyglycolide 
(PGA) is often used; it degrades faster and is used primarily 

implants had to be removed because of chronic fistulae or 
even chronic sinusitis due to migration of the Proplast implant 
into the maxillary sinus. Proplast has also been used as a 
lining for the fossa part of the Vitek temporomandibular joint 
prosthesis. However, rapid wear and, more importantly, an 
aggressive foreign body response to the wear debris have 
rendered this material unusable for implant applications in 
which wear phenomena are possible.23

POLYETHERETHERKETONE

Polyetheretherketone (PEEK) is a relatively new biomaterial 
with very good mechanical properties; it is substantially 
stiffer and stronger than for example PMMA (polymethyl-
methacrylate). An advantage over most other polymers is that 
PEEK is autoclavable. It originally was used in knee and hip 
prostheses and artificial vertebrae24 and later as a biomaterial 
for craniomaxillofacial reconstruction. Computer-designed 
customized PEEK implants are available for skull defect 
reconstruction25 and for reconstruction of maxillofacial 
defects.26 No prospective or long-term longitudinal studies of 
PEEK implants are available.

FIGURE 30-5  A, Schematic drawing of the Groningen temporomandibular joint prosthesis with its 
polyethylene disc. B, Intraoperative view of the polyethylene disc during insertion of the prosthesis. 
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FIGURE 30-7  A Teflon sheet used for guided  tissue regeneration 
of a bony dehiscence along a dental implant. 

FIGURE 30-6  A,  Stereolithographic  model  of  a  patient  with  frontal  deformities  after  a  fireworks 
accident. B, Polymethylmethacrylate (PMMA) implants on the stereolithographic model. C, Preoperative 
view of a patient with frontal defects after a car accident. D, Postoperative view after implantation of 
PMMA implants through a coronal incision. 
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in applications in which high strength is not the most impor-
tant factor. Polymer blends of PLA and PGA are also often 
used to tailor the properties of a polymer to a specific applica-
tion. In addition to PLA, PGA, and PLA/PLG copolymers, a 
number of other aliphatic polyesters such as poly(p-
dioxanone) (PDS) and poly(ε-caprolactone) (PCL) have been 

investigated for these uses. PDS is used to make pins (Ortho-
sorb) and orbital floor implants. However, PDS and PCL are 
primarily used for the production of bioresorbable sutures 
such as Monocryl, a PCL/PGA monofilament suture, and 
PDS monofilament suture.

Biodegradable osteosynthesis materials perform satisfac-
torily in many aspects. However, considerable problems are 
encountered that stand in the way of their general clinical use. 
First, the mechanical properties of the resorbable materials 
are still not as good as those of metallic ones. Moreover, the 
perioperative handling of resorbable devices is far more criti-
cal and difficult. The mechanical properties of resorbable 
plates and screws or pins are easily destroyed during bending 
or by torsional forces during insertion.

Another main issue is biocompatibility. For a long time, 
the biocompatibility of bioresorbable PLA and PGA polymers 
has been considered to be beyond reproach. This, however, 
seems to be an over simplification. Degradation of these poly-
mers occurs primarily by hydrolysis; enzymatic activity is 
thought to contribute in the later stages of degradation. Free 
radicals, in particular hydroxy radicals, also appear to play a 
role in the degradation process. The end products of degrada-
tion of PLA and PGA, lactic acid and glycolic acid, are 
hypothesized to be eliminated from the body mainly as 
carbon dioxide and water, with a small portion excreted in 
the urine and feces. Homopolymers of PLA and PGA give 
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FIGURE 30-9  A, Lateral swing osteotomy of the mandible in a patient with a planocellular carcinoma 
of  the oropharynx. B, Fixation of  the osteotomy with  two resorbable polylactic acid  (PLA) plates and 
screws. 
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FIGURE 30-8  A,  Preoperative  view  of  malformation  of  the  left 
malar bone caused by untreated  trauma. B, Example of a Proplast-
Teflon malar implant to be inserted around and lateral to the infraor-
bital  nerve.  C,  Postoperative  view  3  months  after  transcutaneous 
implantation of the Proplast-Teflon malar implant. 
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bone marrow and HA. These have been used in experimental 
studies for mandibular reconstruction.

Biodegradable foams have also been used in experimental 
studies. They are loaded with bone morphogenetic proteins, 
platelet-derived growth factor, or transforming growth factor 
or with osteoblasts or chondroblasts. All these studies have 
been experimental.29 Only some meshes are available for 
clinical use.

METALS

Metals enjoy wide application in craniomaxillofacial surgery 
as structural, load-bearing materials in devices for fracture 
fixation, for partial or total joint replacement (see Fig. 30-5), 
in instruments, and as external splints. The principal reasons 
for this broad popularity are excellent mechanical properties 
and biocompatibility. Today, one principally uses metals such 
as stainless steel, chromium-molybdenum alloys, or commer-
cially pure titanium.1 Until 1986, the metal of choice in cra-
niomaxillofacial surgery was stainless steel. However, titanium 
is now the material of choice for the maxillofacial field. The 
superior biocompatibility of titanium is conveyed by its oxide 
skin, which forms spontaneously on exposure to an oxygen-
containing environment (e.g., room air).

Internal fixation with various systems of plates and screws 
is a widely accepted method in craniomaxillofacial trauma 
(Fig. 30-11), orthopedic surgery, and reconstruction after 
tumor surgery. Many surgeons prefer not to remove metallic 
plates and screws used for fixation, because it requires an 
additional surgical intervention with all of the attendant risks 
and socioeconomic and psychological disadvantages. In 
regard to biocompatibility, commercially pure titanium is 
thought to be superior to stainless steel products because of 
its completely inert oxide skin. Although titanium is more 
expensive than steel, it may be cost-effective in the long run 
because of its favorable characteristics. Because it is thought 
to be nonallergenic and completely inert, a second interven-
tion to remove titanium plates and screws is not necessary.30 
For internal fixation in the maxillofacial area, titanium is now 
almost exclusively the material of choice. Because of the coin-
cidental finding that titanium has a more or less exclusive 

rise to a clinically detectable foreign body reaction. Blending 
copolymerization or crosslinking seem to be a solution to 
limit or avoid foreign body reactions during degradation. 
However, a 2000 study documented the presence of very per-
sistent nanoparticles and microparticles in the degradation 
pathway of a PLA/PGA copolymer in use as a so-called bio-
resorbable implant material.28 This study indicated that PHA 
implants may not completely degrade within 15 to 20 years. 
At present, it seems prudent to assume that crystalline debris 
from PHA implants will remain present in the recipient indef-
initely with the potential for the development of unforeseen 
complications. Especially if use of multiple or large implants 
is being considered, such remnants may pose a long-term 
health risk. These problems need to be solved so that biore-
sorbable osteosynthesis implants can perform to their full 
potential and, eventually, come into general clinical 
application.

Another routine application of biodegradable materials 
could be as a scaffold for bone reconstruction. An ideal bone 
substitute would be a biomaterial that has osteoconductive 
and inductive properties and will be replaced by regenerating 
host bone. Biodegradable meshes have been produced that 
can be filled with particulate bone marrow or mixtures of 

FIGURE 30-11  A variety of osteosynthesis plates and screws used 
in craniomaxillofacial surgery. 

FIGURE 30-10  A,  Intraoperative view of a blowout fracture of the orbital floor. B, Reconstruction 
of the orbital floor with a resorbable polylactic acid (PLA) sheet (0.4 mm thickness). 
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for so-called resorbable materials, one should carefully assess 
how intensively investigators have looked for remnants of 
material to discriminate between real resorption or degrada-
tion and disintegration only.

Many articles report higher complication rates with some 
biomaterials compared to autogenous tissue. It is often diffi-
cult to attribute these rates solely to the implant material 
itself. Many factors, such as surgical techniques, host response, 
and potential toxicity of the implant, influence complication 
rates. For example, variations in the antibiotic regimen, atten-
tion to aseptic techniques, the normal flora, susceptibility to 
antibiotics, and the method of mechanical fixation can influ-
ence infection rates for a given material. Modern biomaterials 
produce a very low level of acute local or systemic host 
response in patients. However, mechanisms have been identi-
fied for a variety of immunological responses, including neo-
plastic transformation. Increasing periods of implantation, 
resulting from earlier surgical intervention, and increased 
surface areas of implants, as required for fixation by biological 
ingrowth, may be placing patients at increasing risk. As mate-
rial researchers and clinicians become more sensitive to the 
biological response implications of the biomaterials that they 
use, patient analyses will clarify the situation and provide 
upper boundaries on the prevalence of such effects.

property of osseo-integration, it is used worldwide as a dental 
implant material and as an osseous implant to fix maxillofa-
cial prosthetics. Computer-designed titanium implants can 
also be used for cranial reconstruction after trauma or tumor 
surgery. The infection rate of titanium implants is extremely 
low.

BIOFILM FORMATION

The formation of a biofilm on the surface of biomaterials in 
the human body results from adsorption of macromolecular 
components such as salivary proteins and the adhesion of 
infectious microorganisms. The biofilm mode of growth pro-
tects the organisms against host defenses and environmental 
attacks (e.g., antibiotic treatment). Consequently, their for-
mation very often necessitates removal of a biomaterial 
implant.21,31

Interactions of biomaterials with bacteria and tissue cells 
are directed not only by specific receptors and outer mem-
brane molecules on the cell surface but also by the atomic 
geometry and electronic state of the biomaterial surface. 
Understanding these mechanisms is important to all fields of 
medicine and is derived from and relevant to studies in 
microbiology, biochemistry, and physics. Modifications to 
biomaterial surfaces at an atomic level allow programming of 
cell-to-substratum events, thereby diminishing infection by 
enhancing tissue compatibility or integration or by directly 
inhibiting bacterial adhesion.

The Bränemark implant system, consisting of an endosteal 
titanium screw and a transmucosal abutment, is prone to 
biofilm formation. The abutment surface properties dictate 
the amount of biofilm formed. Roughened abutment surfaces 
have been found to harbor 25 times more bacteria than 
smooth abutment surfaces after 3 months.32 Influences of 
surface hydrophobicity on biofilm formation are generally 
more evident in situations of fluctuating shear conditions 
than in a pocket. In vivo studies over a 9-day period demon-
strated far less biofilm formation on hydrophobic Teflon 
strips glued on the front incisors of human volunteers than 
on native, more hydrophilic tooth surfaces32 (Fig. 30-12).

CONCLUSION

Biomaterials are being used with increasing frequency for 
tissue substitution. The major barriers to their use are the 
possibility of bacterial adhesion, which causes biomaterial-
centered infection, and the lack of successful tissue integra-
tion or biocompatibility with biomaterial surfaces.

When the literature over the past decade is reviewed,33 it 
is striking that really new biomaterials have not been devel-
oped. Well-designed comparative studies with statistical 
analyses on differences in success rates between different bio-
materials or bone grafts for specific indications are not 
available.

When looking for suitable biomaterials, one should criti-
cally examine scientific papers on that material. The fact that 
bony ingrowth in HA granules occurs in young rabbits does 
not automatically mean that bony ingrowth also occurs in 
elderly people who need filling out of bony defects or aug-
mentations before insertion of dental implants. When looking 

FIGURE 30-12  The amount of biofilm  formed on a hydrophobic 
material glued to the front incisor of a human volunteer was consider-
ably less than that formed on a more hydrophilic tooth surface in the 
absence of tooth brushing over a period of 9 days.32 
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BIOMATERIALS FOR TISSUE ENGINEERING

Although advances in surgical techniques and bone grafting 
have significantly improved the functional and cosmetic res-
toration of craniofacial structures lost due to trauma or 
disease, there are still limitations in the ability to regenerate 
these tissues. Tissue engineering is an interdisciplinary field 
of research that combines the principles of engineering with 
those of biology and medicine toward the development of 
biological substitutes that restore, maintain, and improve 
normal function.

No current technology has led to complete solutions, but 
progress in the preclinical field gives confidence that clinically 
applicable methods will become achievable. Tissue engineer-
ing, gene therapy, and stem cell biology combine cells, bio-
material scaffolds, and cell signaling factors to anatomically 
and functionally reconstruct bony defects, avoiding donor 
site morbidity.

Natural, synthetic, and composite materials have been 
investigated to serve as scaffolds. Natural scaffolds such as 
collagen, chitosan, calcium alginate, hyaluronic acid, and 
composites have proved to be osteoconductive in vitro and in 
vivo but are lacking in mechanical stability. Alternatives with 
better mechanical properties, such as synthetic polymers and 
copolymers including PLA, PGA, poly(lactic-co-glycolic 
acid) (PLGA), PMMA, PCL, and poly(trimethylene carbon-
ate) (PTMC) have been developed. Polymer/ceramic com-
posites such as PLLA/HA, PTMC/HA, and PCL/HA have 
been used successfully to reconstruct osteochondral defects.

Craniomaxillofacial tissue engineering research has devel-
oped enormously over the past 2 decades. Although the 
results of this research are promising, general application in 
craniomaxillofacial surgery still lies in the future.34-38
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C HA P T E R 

Experience with arthroscopy of the temporomandibular 
joint (TMJ) and with endoscopic sinus and skull base 
surgery equips the oral and maxillofacial surgeon for 

the endoscopic-assisted treatment of maxillofacial trauma. 
Endoscopic-assisted management of maxillofacial trauma has 
been described for treatment of fractures of the mandibular 
condyle, the zygomatic complex, the orbit, and the frontal 
sinus.1-4 The reduction and fixation strategy of open fracture 
treatment with osteosynthesis has not changed. However, 
with the use of endoscopic-assisted techniques, extraoral 
incisions can be limited or avoided in favor of intraoral 
approaches. Intraoperative fixation after fracture reduction in 
areas of limited exposure and visibility can be obtained with 
these techniques.5 However, the choice to use endoscopic 
techniques has no influence on the indication for surgical 
treatment. It is a relatively new surgical field, which continues 
to expand, yet its long-term benefit in many scenarios, still 
awaits confirmation.

STATE-OF-THE-ART MANAGEMENT

MANDIBLE

Mandibular Condyle Fractures

Fractures of the mandibular condyle are common and account 
for 9% to 45% of all mandibular fractures.6,7 Closed reduction 
is the method most widely employed for the treatment of 
displaced condylar fractures.7 Anatomical reduction is rarely 
achieved, and rehabilitation and TMJ function depend on 
adaptation of the altered condylar morphology or formation 
of a new joint. With precise fracture reduction by preauricu-
lar, retromandibular/transparotid, or submandibular 
approaches, damage to the facial nerve and the creation of 
visible scars have been described.8 Because of these possible 
complications, the indications for open reduction versus 
closed treatment are still in debate.9,10

The risks of facial nerve damage and extensive  
visible scars can be minimized by minimally invasive endo-
scopic techniques using a transoral approach.1,5,11-13 However, 
in cases of severely displaced or comminuted fractures, the 
extraoral approach seems to be advantageous over 
endoscopic-assisted reduction of mandibular condyle 
fractures.5

Other Mandibular Fractures
For mandibular fractures in other locations, such as the man-
dibular angle and the ramus, the transoral approach is less 
time-consuming and is preferable to avoid visible scars and 
possible facial nerve damage. The transoral approach is indi-
cated if there is no comminution. However, with a transoral 
approach, the inferior and posterior aspects of the fracture 
and possible lingual gaps cannot be visualized. Endoscopic 
examination of the fracture site after transoral reduction and 
fixation of fractures provides further information about the 
accuracy of the fracture reduction. The alignment of the pos-
terior and inferior aspects of angle fractures and the presence 
of a lingual gap in ramus fractures can be detected endoscopi-
cally and corrected intraoperatively if necessary.

Midfacial and Frontal Sinus Fractures
Endoscopic-assisted techniques for treatment of fractures of 
the zygoma, the midface, and the orbit have been 
reported.2,3,14-16 In patients with fractures of the zygomatic 
complex, the orbital floor and infraorbital rim are often 
inspected by transconjunctival or mid–lower eyelid incisions. 
Nondisplaced fractures of the orbital floor that do not need 
to be treated yet are often noted. Inadequate results after 
repositioning may occur due to rotation of the fragment if 
the repositioning at the sphenozygomatic buttress is not 
fixed.

Inspection of the lateral orbital wall in cases of displaced 
fractures of the zygomatic complex can be performed endo-
scopically by means of a limited blepharoplasty incision.2 In 
zygoma fractures, the orbital floor can be endoscopically 
inspected transorally via the maxillary sinus. The result after 
fracture reduction can also be evaluated at the infraorbital 
rim and the lateral orbital wall. Additional transconjunctival 
or infraorbital incisions can be avoided if there is no dis-
placed fracture of the orbital floor and no displacement of the 
fragments at the infraorbital rim after repositioning. When 
indicated, osteosynthesis of the infraorbital rim can be per-
formed endoscopically by the transoral approach.

The endoscopic treatment of comminuted fractures of the 
zygomatic arch is reported to avoid open reduction via 
coronal incisions, in the rare cases when an open approach is 
needed.3

Frontal sinus fractures of the anterior wall may be reduced 
with the use of minimally invasive techniques.4 At least two 
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endoscope equipped with a suction and irrigation instrument 
is used.

Mandibular Condyle Fractures
The type of fracture, degree of displacement, and result of 
reduction were evaluated intraoperatively using the endo-
scope. Of course, conventional preoperatively and postopera-
tively Towne’s and panoramic radiographs or computed 
tomographic (CT) and conebeam computed tomographic 
(CBCT) scanning are required (Figs. 31-1 to 31-3).

Transoral Approach
The transoral incision is similar to the surgical approach for 
sagittal split osteotomies of the mandible in orthognathic 
surgery. Local anesthetic is injected 8 to 10 minutes before 
incision to control bleeding. To create the optical cavity, the 
periosteal tissue on the ascending mandibular ramus is ele-
vated, freeing the posterior aspect of the ascending ramus and 
the mandibular angle. The inferior inserting fibers of the tem-
poralis muscle are stripped from the lower aspect of the mus-
cular process. The endoscope is inserted subperiosteally and 
advanced cranially toward the fracture without dissection of 
the masseter muscle to avoid bleeding and damage to the 
facial nerve (see Fig. 31-7).

Repositioning and Fixation
Distraction of the TMJ region by pressure on the mandibular 
molars via the transoral approach is performed to facilitate 
repositioning of the condylar fragment. The periosteum and 
the soft tissues in the vicinity of the proximal fragment are 
removed carefully to allow the miniplates to be placed without 
detaching the lateral pterygoid muscle or impairing the blood 
supply to the condylar head.

Special instruments are inserted for the reduction of the 
condylar fragment. Stab incisions in the condylar region are 
made for transbuccal insertion of the screws. Transbuccal 
incisions are avoided when angulated drills and screw drivers 

incisions posterior to the hairline are needed for insertion of 
the endoscope and instruments for repositioning of fractures. 
Stab incisions may be needed for direct manipulation and 
fixation of the fragments. The indications for minimally inva-
sive endoscopic surgery of the frontal sinus may be limited 
to single-fragment fractures of the anterior table of the frontal 
sinus.

SURGICAL TECHNIQUE

Endoscopic Equipment
The results of our experience are presented below, as this is 
rapidly developing field of surgery, clear clinical outcomes are 
not yet available for many procedures.
Initially, a prototype of an endoscopic plate application device 
(Synthes, Paoli, Penn) with a 30-degree angle, 4-mm diameter 
endoscope (Karl Storz, Tuttlingen, Germany) was used via an 
extraoral approach, because of the limited vision with this  
angulation during plate insertion using the plate application 
device there was a need for transbuccal incisions.The device 
was successfully only used in selected cases if the subman-
dibular approach was performed.

In selected cases, 45- and 70-degree angle endoscopes, 
when used by experienced endoscopic surgeons, can be suc-
cessful. These endoscopes are more difficult to employ, 
because there is limited forward vision when inserting the 
endoscope. A suction and irrigation device allows irrigation 
of the endoscope tip in limited optical cavities if vision 
through the lens is blurred by blood.

The monitor and the endoscopic equipment should be 
placed in the operating room facing the surgeon and assis-
tant. Intraoperatively, it is important to watch the endoscopic 
picture on the monitor while sitting in a comfortable posi-
tion. The light source and the camera should be close to the 
patient’s head to avoid limiting the movement of the endo-
scope. A second suction device is recommended, even if an 

FIGURE 31-1  Panoramic and Towne’s radiographs taken preoperatively (A) and postoperatively (B) 
after endoscopic-assisted  transoral  reduction and fixation of a displaced condyle  fracture with  lateral 
override (arrow). 

A B
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controlled endoscopically in areas of limited visibility during 
the transoral approach to avoid displacement at the inferior 
and posterior aspect of the fracture and prevent lingual gaps 
before osteosynthesis is completed.

Midfacial and Frontal Sinus Fractures
In patients with fractures of the zygomatic complex and the 
orbit, endoscopic-assisted treatment can be undertaken. 
Limited incisions were performed, and because of the supe-
rior visibility with endoscopic techniques, further incisions 
(e.g., a transconjunctival approach) could be avoided in 
selected cases. However, the advantage of endoscopic-assisted 
techniques in the treatment of midfacial trauma remains 
controversial.16

Zygomatic Fractures
Because of possible rotation of the zygomatic bone, the result 
after repositioning can be evaluated intraoperatively before 
osteosynthesis is performed. The repositioning cannot be 
determined precisely from the lateral orbital wall with an 
intraoral approach. An additional extraoral approach for 
exploration of the orbital floor and the infraorbital rim is 
recommended if displaced zygoma fractures are suspected. 
Using these additional incisions, one can often identify non-
displaced fractures that do not need treatment at the orbital 
floor and infraorbital rim.

In case of zygoma fractures, the endoscope is inserted via 
a limited blepharoplasty incision to control the fracture- 
dislocation at the sphenozygomatic buttress at the lateral 
orbital wall (Figs. 31-4 and 31-5). In displaced zygoma frac-
tures, defects of the outer wall of the maxillary sinus often 
exist and can be used to insert the endoscope for transoral 
inspection of the orbital floor (Fig. 31-6). Mobility of the 
orbital floor is noted endoscopically when pressure is applied 
to the orbital content. Fractures of the infraorbital rim can 
also be investigated transorally with the use of a head lamp. 
After fracture reduction, evaluation of the alignment of  
the infraorbital rim, the sphenozygomatic buttress, and the 

are used endoscopically via a transoral approach (see  
Fig. 31-2).

After insertion of the first screw in the condylar fragment, 
the fracture reduction is facilitated by pulling the miniplate 
with modified nerve hooks. The second screw is then inserted 
next to the fracture in the mandibular fragment. Osteosyn-
thesis is performed with a 2.0-mm miniplate with at least two 
screws on each side of the fracture. After fracture reduction 
and fixation using two screws, the alignment at the posterior 
border of the ascending ramus is controlled endoscopically 
before osteosynthesis is completed (see Figs. 31-3 and 31-8).

Mandibular Fractures in Other Locations
In patients with mandibular fractures, endoscopic-assisted 
control after transoral fracture reduction is performed in 
areas of limited vision such as the inferior and posterior 
aspects of the ascending ramus in mandibular angle fractures 
(Table 31-1). The result after fracture reduction was 

FIGURE 31-2  Intraoperative view of angulated drill (A) and screwdriver (B) during transoral fixation 
of a displaced condylar fracture without transbuccal step incision. 

A B

TABLE 31-1 Indications for Endoscopic-Assisted 
Trauma Procedures in 66 Patients 
between April 1997 and May 2002

Indication No. of Patients

Condylar fractures 45
Investigation and treatment of midface fractures with 
additional orbital injury (e.g., orbital floor)

49

Decompression of optic nerve 3
Fixation of distraction devices in the mandible 2
Treatment of mandibular fractures or plate removals 21
Revisions of frontal sinus 7
Other (e.g., exploration of skull base; treatment of 
lesions in combination with conventional surgical 
procedures)

14
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FIGURE 31-3  Preoperative  (A)  and  postoperative  (B)  panoramic  radiographs  show  a  bilateral 
condyle  fracture  with  an  additional  mandibular  fracture  and  dental  trauma  in  the  anterior  upper  
jaw. The  intraoperative endoscopic view shows  the quality of  the reduction at  the posterior aspect of 
the  left  condyle  fracture  after  osteosynthesis  (C  and  D)  and  the  extent  of  the  intraoral  incision.
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infraorbital rim. In these cases, exposure of the fracture site 
by means of a transconjunctival incision is indicated (Fig. 
31-7). The result of repositioning of the orbital soft tissue and 
reconstruction of the orbital floor can be checked endoscopi-
cally via the maxillary sinus (see Figs. 31-6 and 31-7).

Fractures of the anterior wall of the frontal sinus may be 
reduced by minimally invasive techniques if the fracture is 
not comminuted. Two or three limited incisions in the scalp 
for insertion of the endoscope, suction, and instruments (e.g., 
an elevator) can be used for reduction of the fracture, similar 
to the procedure used in endoscopic brow lift surgery. Fixa-
tion without further stab incisions is difficult. Depressed frag-
ments may be elevated using single screws inserted via stab 
incision under endoscopic control. However, because of the 
difficulty in fracture reduction, this approach is not estab-
lished as a routine procedure, and superior results may be 
obtained with open reduction and fixation via a laceration or 

zygomaticomaxillary buttress is performed. After temporary 
osteosynthesis at the lateral orbital aspect and the zygomati-
comaxillary buttress with two screws for each plate, the result 
of repositioning and fixation is evaluated before osteosynthe-
sis is completed. Moderate displacement of the infraorbital 
rim can be treated transorally. In selected cases, osteosynthe-
sis at the infraorbital rim can be performed endoscopically 
via the transoral approach. If there is no displacement of the 
orbital floor, further investigation via transconjunctival or 
infraorbital incisions can be avoided.

If displaced orbital floor fractures are present, the 
endoscopic-assisted repositioning of orbital soft tissues into 
the maxillary sinus and orbital floor fractures can be per-
formed transorally (see Fig. 31-6). In comminuted fractures 
of the orbital floor and infraorbital rim, open reduction and 
insertion of resorbable foils, bone grafts, or titanium mesh 
may be indicated to reconstruct the orbital floor and 

E F
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FIGURE 31-3, con’t Preoperative  three-dimensional  computed  tomograms  (E  and F)  and  a 
postoperative conebeam computed tomographic scan (G and H) demonstrate the amount of dislocation 
and  shortening of  the ascending  ramus and  the  result  after  anatomical  reduction and fixation of  the 
displaced bilateral condyle  fracture. Pre-injury  function of  the  temporomandibular  joint without maloc-
clusion was achieved postoperatively. 
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coronal approach. If displaced fractures of the posterior table 
are present, open treatment via a coronal incision is indicated.

Other authors have described the endoscopic-assisted 
injection of bone substitute to fill contour defects of the fore-
head secondarily after frontal sinus fractures without impair-
ment of frontal sinus function.16a

OUTCOME

MANDIBLE

Mandibular Condyle

Plate fixation and control of reduction was facilitated endo-
scopically (see Figs. 31-3 and 31-8). Transbuccal stab 

FIGURE 31-4  Towne’s  radiographs  obtained  preoperatively  (A) 
and postoperatively  (B) after endoscopic-assisted reduction and fixa-
tion of a dislocated zygoma fracture (arrow) carried out via a lacera-
tion in the upper left eyelid (see Fig. 31-5). 

A

B

incisions for insertion of the screws were performed in all 
patients for whom the submandibular approach was used. In 
those patients with a transoral approach, angulated drills and 
screwdrivers facilitated fixation of the fractures without the 
need for transbuccal incisions (see Fig. 31-2). The transoral 
approach therefore has become the standard approach for 
open reduction of condyle fractures.

Temporary weakness or permanent damage of the man-
dibular branch of the facial nerve was observed more often 
in patients with the submandibular approach compared to 
the minimally invasive endoscopic-assisted transoral 
approach. Six months after open reduction of displaced 
condyle fractures, the mouth opening in all patients exceeded 
40 mm interincisal distance without significant deviation and 
with good TMJ function. There were no signs of TMJ dys-
function, and none of the patients had pain in the TMJ area. 
The average length of the submandibular scar was 4 to 5 cm. 
The scars were esthetically acceptable in all patients. The tran-
soral endoscopic approach proved to be more time-
consuming. However, because of a steep learning curve, the 
time for transoral endoscopic treatment was reduced to less 
than 1 hour on average.

Mandibular Fractures in Other Locations
Precise fracture repositioning was achieved by transoral 
endoscopic control in patients with fractures of the mandibu-
lar angle and ramus. Checking the fracture reduction was 
obtained endoscopically in areas of limited vision. Initially, 
only two screws were fixed temporarily and evaluated before 
the osteosynthesis was completed. In selected patients, the 
fixation had to be corrected because of inadequate position-
ing that could not have been discerned without the endo-
scopic control. Postoperatively, all patients had a good result 
of repositioning and fixation without signs of malocclusion.

MIDFACE AND FRONTAL SINUS FRACTURES

Intraoperatively, the degree of dislocation of zygoma frac-
tures and the results after reduction were checked endoscopi-
cally via limited incisions. Fractures of the lateral orbital wall 
were endoscopically inspected via blepharoplasty incisions 
(see Figs. 31-4 and 31-5). The orbital floor and the infraorbital 
rim were visualized via the transoral approach (see Figs. 31-6 
and 31-7). For treatment of nondisplaced orbital floor frac-
tures, endoscopic-assisted techniques were used to avoid 
additional eyelid incisions. Postoperative images demon-
strated good results. None of the patients presented with 
diplopia.

Displacement of orbital soft tissues into the maxillary 
sinus was detected in patients with comminuted fractures of 
the orbital floor (see Figs. 31-6 and 31-7). Transconjunctival 
incisions are indicated in comminuted fractures of the orbital 
floor to allow for adequate fracture reduction, stabilization, 
or reconstruction of the orbital floor using resorbable foils, 
bone grafts, or titanium mesh under complete visual control. 
The use of a head lamp is advantageous in reconstructive 
orbital surgery.

Fractures of the anterior wall of the frontal sinus were 
reduced with the use of minimally invasive techniques in 
selected cases when there were no signs of a comminuted 
fracture. However, because of the limited bone thickness of 
the frontal sinus, the injury was underestimated on 
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allow for the handling of instruments. Special instruments 
designed for endoscopic repositioning and fixation have been 
developed. Because the work is done in an optical cavity, 
incisions in inconspicuous areas can be used as surgical 
ports.

Minimally invasive techniques and limited incisions  
facilitate reduction and the insertion of screws and plates in 
oral and maxillofacial trauma surgery, especially in fractures 
of the mandibular condyle. Good vision of fracture sites in 
areas with limited visibility is obtained with the use of endo-
scopic techniques. After endoscopic-assisted treatment of the 
condylar fractures by an intraoral approach, precise anatomi-
cal reduction, good postoperative function, and restoration 
of occlusion were achieved.16-21 Good function after 
endoscopic-assisted treatment compared with treatment via 
extraoral incisions was also demonstrated in a prospective 
randomized trial.21 Different approaches for the treatment of 
displaced condylar fractures have been demonstrated. The 
surgical approach is chosen according to the type and loca-
tion of the fracture. The extraoral approach was preferably 
selected for displaced fractures with medial override and for 
comminuted or condylar neck fractures in cases managed 
from April 1998 to December 1999. Since 1999, all sub-
condylar fractures with indication for open reduction and 
fixation have been treated successfully by a transoral approach, 

high-resolution CT scans before surgery. After elevation of 
the periosteal tissue, multiple fragments were noticed and the 
treatment strategy had to be changed to an open reduction 
via coronal incision. Open reduction and fixation via the 
coronal approach proved to be advantageous compared to 
endoscopic-assisted techniques for the treatment of frontal 
sinus fractures.

CONTROVERSIES

Minimally invasive endoscopic procedures have been 
described for various indications in the craniomaxillofacial 
area.2,3,4,14,16 To minimize the risks of damage to the facial 
nerve and visible scars, endoscopic-assisted techniques via 
limited or transoral incisions have been confirmed.1,5,9-13,17-20

In cases of oral and maxillofacial trauma, adequate expo-
sure for comminuted fractures is mandatory to allow for 
precise three-dimensional fracture reduction. The indication 
for endoscopic-assisted treatment is limited to fractures that 
can be treated without wide exposure. Creation of an optical 
cavity is required to obtain endoscopic vision of the fracture 
site through limited incisions. The extent of the incision 
depends also on the type of fracture and the treatment 
planned. However, the volume of the optical cavity has to 

A B
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FIGURE 31-5  A  and B,  Intraoperative  endoscopic  views of  the 
lateral  orbital  wall.  A  displaced  fragment  was  detected  and  endo-
scopically  replaced  via  a  limited  laceration  in  the  upper  eyelid.  
C, Clinical view of  the patient and the  limited scar at  the  left upper 
eyelid (arrow) 10 days after surgery. 
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we have used the transoral endoscopic approach for all 
condyle fractures for which an open procedure was indicated, 
even when severe displacement was present. However, careful 
patient selection is mandatory.

The aim of minimally invasive management of midfacial 
trauma is to minimize the operative trauma. However, as in 
mandibular fractures, the indication may be limited in the 
midfacial area, where comminution and multiple displaced 
fragments may require wide exposure.16 Fractures of the 
zygomatic complex are often inspected by means of transcon-
junctival and infraorbital incisions to check fractures of the 
orbital floor and infraorbital rim. The endoscopic inspection 
of the lateral orbital wall and sphenozygomatic buttress by 
means of a limited blepharoplasty incision has proved to be 
helpful for the evaluation of suspected displaced zygoma frac-
tures before and after repositioning and fracture reduction. 
Often, nondisplaced fractures are seen that do not need 
further treatment. To avoid incisions that serve a diagnostic 

even when a medial dislocation of the proximal fragment was  
present.1,5,11

Angled drills and screwdrivers facilitated the transoral 
management of condylar fractures without the need for trans-
facial stab incisions in both adult and pediatric patients.5,17-20

Compared with the submandibular approach, the 
endoscopic-assisted transoral approach is less time-
consuming, the intraoral scars are invisible, and the risk of 
facial nerve damage is minimal.

The transoral use of endoscopes for checking fracture 
reduction in areas of limited vision, such as the posterior 
aspect of the ascending ramus and the inferior aspect of the 
mandible, provided further information about the quality of 
fracture reduction. In addition, a load-sharing situation could 
be achieved to improve surgical results and to reduce com-
plications such as screw loosening and plate fractures.16 
Therefore, the transoral endoscopic approach for condyle 
fractures became routine procedure in our clinic. Since 1999, 
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FIGURE 31-6  A,  Preoperative  Towne’s  view  of  medial  midface 
fracture. Displacement of the orbital floor was not detected on radio-
graphs. B, An endoscopic  inspection of  the orbital  floor  transorally 
via  a  defect  in  the  facial  wall  of  the  maxillary  sinus  demonstrated 
dislocation of orbital soft tissue into the maxillary sinus. C, Notice the 
orbital floor after endoscopically controlled reduction via the maxillary 
sinus with a transconjunctival approach. 
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The endoscopic nasal approach for reduction of medial 
orbital wall fractures has been described.15 In fractures of the 
medial orbital wall with orbital soft tissue displaced into the 
ethmoid area, placement of bone grafts or resorbable foils 
may be indicated for reconstruction of the orbital volume to 
prevent enophthalmos. Bone grafts or resorbable foils that are 
indicated for the reconstruction of the medial orbital wall in 
extended fractures cannot be inserted transnasally. Medial 
orbital wall fractures without displacement of orbital soft 
tissue into the ethmoid area and without signs of double 
vision do not need to be treated. For frontal sinus fractures, 
minimally invasive techniques can be applied in selected 
cases.4 However, more predictable and precise results are 
obtained by an open approach via coronal incision.

If comminuted fractures or involvement of the posterior 
table of the frontal sinus or the anterior skull base is present 
with suspected leakage of cerebrospinal fluid, open treatment 
via a coronal incision with wide exposure of the fracture site 
in collaboration with the neurosurgeon is indicated, and 

purpose only, endoscopic control of the orbital floor can be 
performed transorally via the maxillary sinus.

However, because of the increased availability of CBCT 
and CT, a precise preoperative diagnostic examination can be 
performed without the need for intraoperative inspection. If 
exposure of the fracture is performed, good visibility can be 
obtained with the use of a head light.

Endoscopic-assisted reduction of comminuted zygomatic 
arch fractures using preauricular and transconjunctival inci-
sions with lateral canthotomy has been reported.3 Because of 
the presence of multiple fragments, wide exposure is often 
required, and extracorporeal realignment of the arch frag-
ments may be indicated. For fixation with a long 2.0-mm 
osteosynthesis plate in the anterior aspect, incisions in the 
visible area by lateral canthotomy have been used. These inci-
sions leave visible scars in an exposed area of the face.3 In 
severely comminuted fractures of the zygomatic complex, 
open reduction via coronal incision provides better exposure 
for a safer reduction without visible scars.

FIGURE 31-7  A, Radiograph demonstrating orbital floor fracture. 
B, Intraoperative endoscopic view via the maxillary sinus demonstrates 
a comminuted orbital floor  fracture with displacement of orbital  soft 
tissue into the maxillary sinus. C, Replacement of the orbital soft tissue 
and  reconstruction  of  the  orbital  floor  were  performed  through  a 
transconjunctival  approach  with  transoral  endoscopic  control  after 
repositioning of the orbital soft tissue via the maxillary sinus. 
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endoscope position can be monitored with the use of 
computer-assisted techniques that allow endoscopic-assisted 
surgery of the anterior skull base or next to anatomical struc-
tures such as the optic nerve and the internal carotid artery. 
Further developments of bone cements or bone glues may 
lead to other indications and new treatment strategies for 
endoscopic surgery in craniofacial trauma. The repair of 
contour defects and fixation of nondisplaced fractures may 
be carried out using bone cements and glues.

Intraoperative imaging with CT and CBCT allows for 
immediate quality control after minimally invasive proce-
dures for the repositioning of craniomaxillofacial fractures.

Intensive training in endoscopic techniques and the han-
dling of special instruments is mandatory before endoscopic-
assisted treatment of oral and maxillofacial fractures is 
performed. Because of the steep learning curve, the operation 
time required for the initially time-consuming endoscopic-
assisted procedures can be reduced significantly.
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Computers are used increasingly as a supportive tool for 
diagnosis, operative planning, and treatment in medi-
cine and dentistry. They are used in combination with 

ultrasound and digital imaging techniques such as computed 
tomography (CT) and magnetic resonance imaging (MRI) to 
improve the visualization of anatomical and physiological 
conditions. Almost every medical specialty shows a tendency 
toward less invasive procedures, and good imaging is essen-
tial for diagnosis and surgery, particularly for minimally  
invasive procedures. Within our own surgical specialty, this 
extends into all areas, from dental implantology to the treat-
ment of craniofacial malformations and advanced tumors. It 
is particularly important in this complex anatomical maxil-
lofacial region.

Whereas in diagnostic imaging enormous progress has 
been made, the intraoperative use of imaging techniques 
has been relatively restricted. Intraoperative three-
dimensional (3-D) imaging with ultrasound, CT, and MRI 
is still costly and is available only at an experimental level 
and for exceptionally complex cases. Computer-assisted 
surgery will be a help in this field in the future, and tech-
niques of virtual reality will become increasingly important 
in relation to medical devices.

The goal of the interactive, intraoperative application of 
3-D imaging has been used in part through instrument naviga-
tion systems. These systems enable the surgeon, for the first 
time, to show the actual instrument position in the surgical 
site on the 3-D reconstructed image dataset of the patient. It 
is also possible to focus on the position of a pathological or 
anatomical structure within the operative field. “Mirroring” of 
the non effected side is invaluable in trauma reconstruction.

DIAGNOSTIC IMAGING

3-D imaging techniques such as CT, conebeam computed 
tomography (CBCT), MRI, and ultrasound can present 
almost every anatomical and pathological structure with high 
resolution and quality. Present developments concentrate on 
artifact reduction and on techniques for automatic fusion of 
the various imaging modalities.

SEGMENTATION PROCEDURES

The segmentation procedure is necessary to mark anatomical 
structures for further data manipulation and planning.1 
Hounsfield-specific units (e.g., delineating bone, soft tissue, 
muscles, tumors) on a 3-D dataset can be selected in each 
slice of the dataset or by defining the area of interest.2,3 Per-
forming the segmentation slice by slice is very time-
consuming, whereas defining the area of interest and 
performing a threshold segmentation by selecting specific 
Hounsfield units often is not sufficiently precise (Fig. 32-1). 
In craniomaxillofacial surgery, the midface area with its thin 
anatomical bone structures often leads to the presence of 
virtual “pseudoforamina” or artifact holes after the segmenta-
tion procedure.

Because of these complications, modern software offers 
so-called automatic atlas segmentation procedures. After the 
data is imported into the planning software, a menu is avail-
able from which the surgeon can select the area of interest. A 
deformation algorithm transfers the information of a stan-
darized and segmented skull atlas into the patient-specific 
dataset. After this procedure, the adapted parts can be  
used for further planning in the patient dataset (Figs. 32-2 
and 32-3).

PLANNING AND SIMULATION

Automated generation of the proposed operation with simu-
lation of surgical procedures and outcome is nearly possible 
within the framework of virtual surgery. For the simulation 
of operative results (i.e., virtual 3-D graphic simulation of 
various treatment alternatives on the computer), software 
must be developed to allow for interactive manipulation. This 
should be in real time within the 3-D visualization, including 
viewing from various angles, cutting, palpation, and insertion 
of implants. Here, the user’s interaction has to be conform 
with the usual surgical actions. In the future, input media 
with power feedback (haptic interfaces from the field of 
virtual reality technologies) will offer options for  
intuitive control of complex 3-D simulation environments.
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INTRAOPERATIVE SUPPORT

The imaging data acquired preoperatively during diagnosis 
should be available for interactive use by the surgeons at all 
times. In this way, modern techniques of computer-assisted 
surgery can help to decrease the operative risks and postop-
erative morbidity rates. Future interactive support for the 
surgeon can be characterized within three areas:

• Passive tools for support of the intraoperative orientation 
will allow for routine transfer of the preoperative plan onto 
the patient. These tools include projection techniques, 
head-mounted displays, and instrument navigation 
systems.

• Guiding systems (semiactive manipulator systems) will 
show the surgeon a risk-free path for the surgical instru-
ments to achieve the operative plan. By this means, opera-
tive strategies can be transferred to the surgical site 
precisely and safely.

• Surgical robots will execute specific operative steps In this 
case, the surgeon will leave control to the robot for certain 
parts of the operation. The best-known example is the 
highly precise milling of the femur shaft for adaptation of 

FIGURE 32-1  Threshhold-segmentation  of  the  orbital  cavity. Due 
to areas with thin bone, pseudoforamina often result after the segmen-
tation procedure. 

FIGURE 32-2  A  standarized  and  segmented  skull  is  used  for  the  automatic  atlas  segmentation 
procedure. 
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a hip joint endoprosthesis, which is already in routine 
clinical use.

INTRAOPERATIVE IMAGING

Intraoperative imaging is most helpful for maxillofacial pro-
cedures that require precise postoperative symmetry with 
limited intraoperative visualization. If the surgeon would 
consider obtaining a postoperative CT to check implant 
placement or symmetry, then intraoperative imaging could 
also be considered. It will provide the surgeon with the 
required anatomical information in the operating room and 
allow for a revision if necessary.

There are two modalities for intraoperative CT scanning: 
fan beam scanners (CT) and conebeam scanners (CBCT). 
Both are rapid (requiring <2 minutes per scan) and give ade-
quate bone resolution. Due to better handling, lower costs, 
and less x-ray exposure, intraoperative imaging by CBCT 
(C-arm machine) has won recognition.

The C-arm provides 3-D reconstructions that are acquired 
by rotation around an isocentric point. With panning of the 
C-arm over the surgical field, no reposition of the patient is 
necessary. The acquired 3-D data can easily be imported into 
the existing planning software of the navigation device. With 
the use of image fusion, the preoperative plan can be com-
pared with the intraoperative imaging data (Fig. 32-4). This 
shifts the postoperative control into the operating room, 
decreasing complications, and costs.

POSTOPERATIVE EVALUATION

Postoperatively, a comparison between the control imaging 
data and the original imaging data for evaluation of the real 
surgical result will permit scientific studies using the follow-up 

FIGURE 32-3  Atlas segmentation of the orbital cavity. Deforming 
the atlas leads to patient-specific parts without any pseudoforamina. 

controls. The resulting data can be used for optimization of 
operative strategies using the software tools to improve pre-
diction of the surgical outcome.

DIAGNOSTIC IMAGING APPLICATIONS

The existence of suitable imaging data in the form of 2-D and 
3-D datasets is critical for successful preoperative planning 
and intraoperative navigation. In many cases, we use several, 
partly complementary imaging devices in the same ana-
tomical area to obtain detailed, supplementary clinical 
information.

CT offers the advantages of a precise, reproducible and 
high-contrast presentation of osseous structures. The image 
quality of CT is diminished by patient movement, as well as 
the presence of metal artifacts, and if there is limited soft 
tissue contrast. Advantages of MRI are its excellent soft tissue 
imaging choice of image planes, and the possibility of func-
tional imaging (diffusion- and perfusion-weighted acquisi-
tions, magnetic resonance angiography). In addition, the 
patient is not subjected to radiation exposure. Disadvantages 
are the various artifacts (e.g., distortion), both appliance spe-
cific and patient induced, including the chemical shift, sus-
ceptibility artifacts, movement, and metal artifacts.

Sonography (ultrasound) offers the advantages of  
quick access, high resolution, the choice of image planes, 
and especially the possibility of tracking anatomical struc-
tures and determining function (e.g., blood flow, and vas-
cularity). Disadvantages are the dependence on the examiner’s 
skill and the geometrical distortions and associated “noise”. 
The use of 3-D sonography creates more indications, with 
the possibility of reconstruction of the image layers parallel 
to the CT or MRI images. In addition it may be aligned  
to give the view for the surgeon, resulting in improved 
orientation.

The possibility of intraoperative use offers an additional 
advantage of sonography and, to a lesser extent, of CT and 
MRI.5 Imaging must be considered not only with respect to 
diagnosis but also in connection with operative planning and 
other methods based on these data. Especially important are 
the imaging parameters chosen by the surgeon in cooperation 
with the radiologist, such as the plane of the cuts, layer 
spacing and thickness, and use of contrast media.

Because of the increasing need to include all imaging 
information in treatment planning, it is desirable sometimes 
to combine the data from various sources to achieve a fused 
imaging dataset (Fig. 32-5). For this purpose, an automated 
fusion of the various image modalities and automated seg-
mentation of the anatomical and pathological structures 
should be available but is not yet possible with the present 
state of the art. So far, only bones and skin surfaces can be 
segmented automatically using CT data. However, knowledge 
of the exact positions of “at-risk” structures such as vessels 
and nerves is especially important—for example, to avoid 
damage during the planning phase of the operative steps to 
be performed by a robot.

Many implantologists wish to have a 3-D visualization 
of the bone status for planning of complex cases. So far, 
CT has been used infrequently as a diagnostic aid, not 
least because of the associated radiation exposure. However, 
dental implantologists are interested primarily in bony 
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PLANNING AND SIMULATION APPLICATIONS

In contrast to the rapid progress in diagnostic imaging, devel-
opment and clinical use of new technologies for planning and 
performing therapy are lagging behind. This can clearly be 
seen from the fact that 3-D CT imaging data are still exposed 
as 2-D images on X-ray film. Analysis is mostly restricted to 
general statements or a few measurements. Planning is carried 
out mentally by the treating physicians and depends very 
much on their experience and powers of imagination.

The aim of operative planning in oral and maxillofacial 
surgery is optimization of the surgical result in terms of func-
tion and esthetics. The prerequisite for successful operative 
planning is preparation of preoperative patient imaging data. 
For segmentation of the original imaging data, individual 
pixels or voxels are assigned to certain classifications such as 
skin, bones, at-risk structures, and tumors. Powerful graphic 
workstations are necessary for interactive manipulation in 
great detail.

structures, and high soft tissue resolution is not necessary. 
Dose reduction seems promising. Dose-reduced CT allows 
exact metric measurements in the range of 1 mm or less 
as well as 3-D representation of the jawbone, facilitating 
a precise 3-D implantation plan with justifiable radiation 
exposure. Therefore, we consider CT-assisted planning to 
be indicated before dental implantations in patients with 
limited bone volume, for example near the maxillary antrum 
or the mandibular canal, and when multiple implants are 
planned.

Following technical developments, 3-D radiographic tech-
niques are expected to become increasingly important in oral 
surgery. CBCT scanners produce a 3-D imaging data record 
without the need to move the patient table. With the cone-
beam technique, dedicated devices can be built especially for 
dentistry; in design, these could be similar to conventional 
devices (Fig. 32-6). It seems realistic to expect the develop-
ment of further devices with costs comparable to those of 
current orthopantomography devices.

FIGURE 32-4  Multiplanar view of a patient with secondary zygomatic bone  reconstruction of  the 
right side shows  the preoperative planning by mirroring  the  left  to  the right side  (red) and  the  image 
fusion including the actual surgical situation of the surgery in the operating room (blue). 
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be moved must be specified and virtually cut, moved, and 
positioned.

Two application areas are described here to highlight  
the clinical importance of preoperative planning and 
simulation.

Computer-Assisted Planning  
in Dental Implantology
Conventional preimplantation planning is usually conducted 
with a 2-D panoramic radiograph. This method cannot 
supply an assessment of the actual bone volume in a bucco-
lingual dimension. Often, it becomes apparent during surgery 
that the bone is too narrow or is not suitable for an implant 
due to concave cortical surfaces. When the third dimension 
is unknown, large distances must be left between implants 
and neighboring structures for safety reasons, and the use of 
all the available bone cannot be optimized. CT-based plan-
ning systems for dental implantology have been introduced 
with the goal of overcoming these limitations. To choose the 

With the aid of the patient model generated from the 
original imaging data, the operative goal can be defined and 
the operation planned. However, the model is only an approx-
imation of the patient. Certain information, such as that con-
tained between the layers or “slices” of the imaging data, is 
missing, so precision is limited by layer thickness.

At the present time, there is a serious discrepancy between 
the scientific development of tools with highly complex soft-
ware systems and the simple handling requirements the 
surgeon uses. This problem prevents the conversion of a theo-
retical process into practical application, because the interac-
tive planning of a complex bone-shifting operation requires 
more than 1 hour.

Optimal use of new technologies to safely plan and carry 
out surgical interventions requires an operative planning 
system that can be consulted by the surgeon during preopera-
tive planning, intraoperative intervention, and postoperative 
evaluation. During preoperative planning, the first task is to 
define the operative aim. For example, the bone segments to 

FIGURE 32-5  Registration and fusion put the different imaging datasets—in this case, magnetic reso-
nance tomography (MRT, above left) and computed tomography (CT, above middle)—into a common 
geometrical context (fused imaging dataset with MRT in red and CT in green, above right). The software 
makes it possible  to represent  the individual datasets and the fused dataset  in different  frames on the 
monitor. 
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mandibular foramen and the mental foramen; from that, the 
software automatically performs an analysis of the most prob-
able course of the mandibular canal within the CT image. 
Based on bone availability, the distance to critical structures, 
and the planned prosthetic superstructures, the surgeon 
decides on the position of the implants.7

From a prosthetic view, to prevent interferences between 
the optimal number, position, angulation, and type of 
implants and the existing anatomy, it is necessary to match 
the preoperatively obtained data (bone quality and bone 
quantity) with prosthetic demands (statics, dynamics, and 
esthetics) during the planning. The successful result of an 
implant superstructure can be optimized and guaranteed for 
the long term. Future developments in this area will also 
encompass the integration of 3-D simulation of prosthetic 
superstructures and their esthetic effects into the planning 
software environment. In this way, the virtual implantation 
procedure, from a prosthetic and surgical viewpoint, will be 
achieved for the first time.

The advantages of CT-based implantation planning do 
have to be considered in relation to the disadvantages of avail-
ability of scanners, higher costs, and higher radiation expo-
sure for the patient. Many authors consider it better to apply 
standard orthopantomography techniques for routine exami-
nations and to reserve CT-based implantation planning for 

most suitable implant insertion site, it is possible to move 
through an almost unlimited succession of finely graduated 
cross-sectional and panoramic sections. At any time, the 
treating physician can reconstruct the exact information 
required for treatment planning without having to reexamine 
the patient. These software-generated secondary sections 
from the CT dataset of a jaw allow, for the first time, the 
mucosal surfaces and evaluation of the vestibulo-oral dimen-
sion of the alveolar process and immediate metric registration 
directly on the screen. However, most software systems com-
mercially available today have one serious disadvantage: real 
time 3-D visualization is not possible.6

Software programs for interactive 3-D planning of dental 
implantations have only recently become available. This data 
provides high resolution, and corresponding detailed visual-
ization of the patient’s bone volume data. Therapy planning 
additionally requires the representation of virtual surgical 
equipment such as implants, drills, and saws which can more 
precisely utilized. For operator convenience, frame rates of 
several images per second are necessary; only then will intui-
tive and interactive positioning of the implants possible.

A system for interactive 3-D planning for dental implan-
tology, developed at our hospital (Fig. 32-7), allows the 3-D 
positioning of implants with high image quality. The position 
of the mandibular canal requires only identification of the 

FIGURE 32-6  Image examples produced with conebeam computed tomography (NewTom QR-DVT 
9000). Axial (A) and three-dimensional (B) representations of a mandibular angle and a paramedian 
fracture with a free basal fragment. Sagittal (C) and coronal (D) reformats demonstrate bone volume in 
the vicinity of the implant. 
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Computer-Assisted Planning for the Correction 
of Malformations

New software and hardware technologies have led to  
successful use of surgical navigation systems in many disci-
plines (e.g., removal of foreign bodies and tumors). To use 
these new technologies optimally and safely to plan and carry 
out a surgery, planning systems are needed that support  
the surgeon during preoperative planning as well as 
intraoperatively.

Software developments for the virtual cutting and shifting 
of bone parts now allow a patient-specific simulation of 
complex osteotomies.3-11 Through contact detection, it 
becomes apparent which bone parts must be remodeled 
further. For a better graphic quality, the individual bone seg-
ments are differentiated through the use of different colors. 
After determination of the optimal movement on the com-
puter screen, the calculated data can be applied precisely to 
the operative site (i.e., to the patient), for example with the 
aid of a navigation system, to ensure optimal precision of the 
surgery (Figs. 32-8 and 32-9).

The simulation of the surgical outcome (i.e., 3-D graphic 
representation of the various osteotomies on the computer) 
supports the surgeon in the planning and choice of the best 
operation. The 3-D visualization facilitates assessment of the 
planned operation and permits discussion with colleagues 
and patient. Conventional limits with regard to the surgeons, 
planning are overcome, and this method also allows the 
patient to be involved in the the operation planning. Another 
goal is to achieve simulation of soft tissue changes in the 3-D 
presentation of the results of a planned intervention.12 The 
patient would then be able to decide on the surgical method 
together with the physician, strengthening the relationship 
between physician and patient.

The use of the term operative planning varies in the litera-
ture. With most operative planning systems, only a simula-
tion of the postoperative image can be carried out; only a few 
systems also support intraoperative visualization of the pre-
operative planning. The individual planning systems can be 
classified into three categories:

1. Systems without technical support: These carry out, above 
all, a visualization of the postoperative state.

2. Systems with passive support for intraoperative navigation: 
These systems allow the surgeon to run through a preop-
eratively planned access path using visual control. Apart 
from the access path, many systems also show objects such 
as tumors, foreign bodies, and tissues at risk that must be 
avoided.

3. Systems with active support: This may be provided, for 
example, by a surgical robot.

In complex surgical interventions, such as preoperative 
planning of a fronto-orbital advancement, the increase in 
intracranial volume achieved by the bone shift can be visual-
ized. To simulate interventions of this kind, computer-based 
geometric models have to be produced from the CT images; 
these models clearly represent the anatomical structures and 
simulating the interventions that are relevant for the opera-
tion, such as drilling, sawing, or deformation. Methods for 
interaction that guarantee an exact and intuitive input of the 
surgical actions must be seen on the computer.

particularly complex cases, such as those with reduced bone 
volume, especially near the maxillary sinus and mandibular 
canal, and for planning the insertion of multiple implants.

The decisive step to an exact implant insertion has not yet 
been achieved. In the simplest case, 3-D planning data can be 
used to produce individual drill guides made with titanium 
tubes. Also, combination with intraoperative navigation 
systems for implant insertion is possible. From a technical 
viewpoint, medical robotics could also be used for implant 
insertion. Many things are still at the developmental or pro-
totype stage, but significant effects on surgical routine are 
expected soon.

FIGURE 32-7  A,  Positioning  of  an  implant  on  the  monitor.  The 
implant’s position and orientation can be interactively changed in the 
two-dimensional  layer  or  on  three-dimensional  (3-D)  visualization.  In 
the semitransparent representation on the  left,  the 3-D relation of  the 
implant to the mandibular canal is obvious. B, Semiautomatic segmen-
tation of the mandibular canal. For user interaction, it is merely neces-
sary  to  click  on  the  mandibular  foramen  and  the  mental  foramen.  
(A, Courtesy of Dr. W. Stein, Heidelberg, Germany; www.med3D.de 
[accessed May 2, 2011].)

A

B

http://www.med3D.de
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FIGURE 32-8  Simulation of correction of a plagiocephaly through fronto-orbital bone advancement. 
A postoperative comparison of the control computed tomographic (CT) imaging data with the basic CT 
imaging  data  for  evaluation  of  the  operative  real  result  is  shown.  Top,  preoperative  status;  bottom, 
postoperative status; middle left, simulation before operation; middle right, simulation after operation. 

FUTURE OF SURGERY SIMULATION

Tools for 3-D interaction with the imaging data (human-
machine interface) require the selection of points or partial 
volumes in the 3-D scene. Usually, a 2-D mouse is used for 
this task, but 3-D input devices can accelerate the processing 
and increase the precision of the whole procedure. Another 

improvement can be achieved by giving a “feel” or sense of 
touch in this interaction. For this reason force-feedback 
devices are becoming increasingly integrated as part of the 
human-machine interface. Surgeons performing the plan-
ning “feel” as if they have actually made an incision into the 
skin or bone surface9,13 (Fig. 32-10).



582 C HA P T E R 32 Computer-Assisted Oral and Maxillofacial Surgery: Technology and Clinical Developments  

COMPUTER-ASSISTED INTRAOPERATIVE 
SUPPORT APPLICATIONS

PROJECTION OF THE OPERATIVE  
PLAN ONTO THE PATIENT

Anatomically and pathologically relevant structures or plan-
ning data such as the incision line can be directly projected 
onto the patient or virtually mirrored into 3-D glasses  
(Fig. 32-11). Such see-through devices or head-mounted dis-
plays (HMD) are already available for military use. For 
medical uses, they have to be modified. Apart from simple 
handling problems (e.g., the surgeon standing at the table 
cannot put on and take off the glasses and may have to refocus 
them or look above or below them to see well), there are 
technical problems regarding the resolution and frequency of 
the image representation.

The alternative is direct projection of the desired informa-
tion onto the patient. This requires exact planning and a 
coordination of the patient’s head, the eyes of the observer, 
and the projector. Because deeper anatomical structures 
cannot be projected correctly with respect to their position, 
their interface with the surface has to be visualized, and the 

FIGURE 32-9  Simulation of correction of a plagiocephaly, showing detailed planning of segments: 
A,  Segmentation  of  the  bone  segments; B,  temporary  removal  of  the  frontal  bone; C,  shaping  and 
foreshifting of the orbital segment; D, reorientation of the frontal bone; E, postoperative situation. 

A B C D E

FIGURE 32-10  Input of incision planning via a haptic interface. 

FIGURE 32-11  Semitransparent  glasses  to overlap  the  computer 
simulation with the real operative area. 

surface position must therefore be known at all times.  
Technically, this is already possible, but it requires a great 
deal of effort.14 The aforementioned augmented reality tech-
niques will facilitate a much easier interactive use of diag-
nostic images and planning data intraoperatively in the 
future.

INTRAOPERATIVE SUPPORT BY  
INSTRUMENT NAVIGATION

In the areas of neurosurgery; ear, nose, and throat surgery; 
orthopedics; and oral and maxillofacial surgery, intraopera-
tive instrument navigation is already routinely used in many 
hospitals and clinics. The navigation system records the 
spatial position and orientation of a probe or a surgical 
instrument. After the registration has been completed, the 
preoperatively acquired imaging data of the patient is merged 
into the actual position of the instrument through 2-D and 
3-D visualization. During intraoperative navigation  
(Fig. 32-12C), the spatial position data for the navigation 
instrument are permanently presented on the CT or MRI 
dataset of the patient. Simultaneously, the instrument tip 
position is shown as a crosshair in the original layers and in 
two vertical, secondary computed levels on the screen; for 
example, with axial original layers, additional sagittal and 
frontal views may be shown. The 3-D reconstruction of the 
CT data is shown in a fourth screen window that displays the 
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From a technical point of view, instrument navigation in 
medical surroundings is possible mechanically, through posi-
tion calculation with a gear of movable angles. Also it can be 
done electromagnetically, through detection of field changes 
with coils; using ultrasound, through real-time measurements 
of the sound signals; and video-optically, through position 
calculation with infrared diodes or recognition of patterns 
with charge-coupled device (CCD) cameras.

The mechanical systems offer the advantages of good tech-
nical precision (about 1 mm), low susceptibility to failure, 
and are easy to sterilize with covers. The disadvantages are 
the unwieldy handling, restricted range and mobility, and 
space requirement at the operating table.17

Electromagnetic systems offer the advantages that very 
small detector coils can be used, no visual contact between 
the instrument and the sensor system is required, a rapid 
computation of the signals can be made, and sterilization is 
easy. Their disadvantages are susceptibility to interference 
through magnetic fields and metal objects and, consequently, 
possible limited accuracy. Incorrect position sensing of up to 
4 mm may occur.8,19-21

The ultrasound-based systems offer the advantages of a 
technically acceptable precision in the range of 1 to 5 mm, 
convenient handling, and easy sterilization. However, because 

position and orientation of the whole instrument (e.g., a 
probe) and a projected virtual extension of the instrument 
axis (see Fig. 32-12B).

Assessment of Navigation Technology  
and Accuracy
The intraoperative use of operative planning data on the basis 
of radiographic images was first performed in neurosurgery 
with stereotactic systems firmly attached to the skull. These 
systems allow for localization of deep-seated intracranial 
structures and are used today for neurosurgical operations 
because of their good precision and it is a well-proven 
procedure.15

By transition from the computer-assisted plan to the oper-
ative phase based on frameless navigation and localization 
techniques, surgeons can see their actual instrument position 
for the first time on the 3-D reconstructed imaging dataset of 
the patient. Conversely, it is also possible to determine the 
position of a pathological or anatomical structure shown on 
the images of the individual patient’s anatomy. The precision 
of such navigation systems is usually reported to be in the 
range of 2 to 5 mm.15-19 The accuracy is substantially higher 
in rigid structures such as bones and osseous areas than in 
soft tissue areas.

FIGURE 32-12  Principles of intraoperative instrument naviga-
tion. A, Computed tomographic or magnetic resonance imaging 
data. B, Three-dimensional (3-D) visualization. C, Optoelectronic 
navigation  system  for  registration  of  imaging  data  to  patient 
position.  D  through  F,  3-D  visualization  of  imaging  data  and 
instruments corresponding to the actual clinical position. (A, From 
Dawson P: Functional occlusion, St. Louis, 2007, Mosby.)

A

C
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Surface-based scans for automatic registration of the 
patient’s position are increasingly mentioned. With these 
systems, the patient surface is traced by laser scanners or 
illuminated by a structured light, and the resulting dataset is 
matched with the preoperatively obtained diagnostic imaging 
data of the patient.

Additional reference frames using infrared diodes such as 
the operating instruments make it possible to move the oper-
ating table together with the fixated patient without having to 
repeat the registration.17 However, these reference frames are 
often blocked by or hidden behind the surgeon. Referencing 
systems fixated directly on the patient are supposed to permit 
patient movements and to recognize and adjust to unnoticed 
shifts automatically. The patient does not necessarily need to 
be immobilized. Such systems supply a firm mechanical  
fixation but should also be removable, not too invasive, and 
resilient (Fig. 32-13). Noninvasive devices using the auditory 
canals and a nasion support can cause an error of appro-
ximately 1 mm between the frame’s position during  
preo perative image production and its attachment in the 
operating room. Hauser et al.24 described the intraoperative 
accuracy of this kind of system when combining a facial bow 
with an optical navigation system of 2 mm or less.

these systems are subject to interference through reflection, 
the Doppler effect, air movement, background noise, and 
obstructions in the sound path, they are rarely used today.

Systems with optical coupling are used increasingly in 
intraoperative navigation.18-22 Optical navigation systems 
offer the advantages of a high technical precision in the range 
of 0.1 to 0.4 mm, convenient handling, and easy sterilization. 
The disadvantages lie in the necessity for constant visual 
contact between cameras and instruments and the suscepti-
bility to interference through light reflections on metallic 
surfaces in the operating environment.

The resolution of CT data is very high. Our team, for 
example, experimentally determined the precision to be 
between 0.3 mm and 0.5 mm.23 This resolution is so small 
that we can safely assume, with regard to the interactive use 
of the imaging data, that the limiting factor is the precision 
of the intraoperative realization, not the image generation. 
Radiation remains an important consideration for some elec-
tive procedures.

The resolution of MRI data achieves similar results, but 
problems may occur in some cases due to massive irregular 
geometrical deviations in the examination volume. The com-
bination of CT data and MRI data on a geometrical basis 
offers a viable solution.

Possible errors exist with the segmentation and 3-D recon-
struction of the datasets. Flaws in the respective calculation 
algorithms may lead to inaccuracies of the 3-D object (e.g., 
enlargement, reduction, distortion). Another possibility is the 
incorporation of image parts that were not supposed to be 
part of the structure to be reconstructed; conversely, neces-
sary parts might also possibly be excluded.

Registration
The basic requirement of any navigation technique is the 
registration of the patient’s position in relation to the imaging 
dataset, which can be performed according to various 
principles.

In the case of frame-based stereotaxy, this is accomplished 
by attaching the frame to the patient’s head before taking 
the required images. For frameless navigation techniques 
in general, anatomical landmarks or artificial markers are 
used. Subsequently, they are marked with the computer 
mouse (or automatically) on the imaging dataset in the 
operating room and traced onto the patient with the navi-
gation system. The workstation then computes the correlation 
between the actual patient position and the imaging dataset. 
This procedure requires absolute fixation of the patient or 
continuous high-precision measurements of the patient’s 
movements,.

The choice of registration procedure itself has a direct 
influence on navigation accuracy. Registration with anatomi-
cal landmarks is not precise enough, with divergences of 2 to 
5 mm being described. Adhesive markers are described as 
being sufficiently exact. The markers should be attached to 
skin portions that do not tend to shift too much and are not 
expected to experience a change due to swelling, distortion 
through draping, or other causes during the time between CT 
scanning and the operation. Problems with lost or, more criti-
cally, slightly displaced skin markers can occur because of the 
time lapse between tomography and surgery (often >24 
hours). Miniscrews inserted preoperatively into the bone are 
substantially more precise.

FIGURE 32-13  Instrument set  for passive optical navigation. The 
pointer and  reference  frame are  rigidly fixed  to  the supraorbital  rim 
for registration of the patient’s movements. 
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Localization of Foreign Bodies
The second patient had been shot in the face, and bullet frag-
ments were scattered in the maxillary and mandibular regions. 
After use of the system for detailed visualization and analysis 
of the positions of the fragments and the bony fractures, the 
navigation technique was used intraoperatively to precisely 
locate and remove the bullet fragments in the left pterygo-
palatinel and submandibular regions (Fig. 32-15).

Clinical Evaluation of Navigation Technology
Based on literature review and our own experience, instru-
ment navigation techniques have proved to be very advanta-
geous for:

• localization of anatomical and pathological structures 
(e.g., foreign bodies, tumors) in the operative field.

• planning surgical access.
• precise intraoperative planning of the individual 3-D plan 

in jaw asymmetries and craniofacial malformations.
• protection of essential structures.
• control of resection borders in tumor surgery.
• planning and insertion of implants.
• teaching and postgraduate medical education.

With the use of these techniques, the spatial orientation 
for surgeons operating in complex anatomical regions may be 
improved considerably. The possibility of checking resection 
borders opens up new perspectives in tumor surgery and 
osteotomies. Tumor resections may be carried out faster and 
more precisely, but due to the time-consuming registration of 
the patient’s position, the total operative time cannot as yet 
be reduced.

In our extensive clinical evaluation of the instrumental 
navigation technique we have also found the following 
deficiencies:

• At the moment, there are no navigation systems with an 
intraoperative accuracy of less than 2 mm, as desired by 
surgeons.

• There are no reliable details referring to the actual accu-
racy during the surgical intervention.

• The systems are time-consuming due to fault-prone reg-
istration procedures when correlating the system’s coor-
dinates and the patient’s location. Software operation is 
not particularly well integrated ergonomically into the 
operative procedure, and visualization on the monitor 
is not adapted to the surgeon’s view of the operative 
site.

• The connection of motor-driven instruments (e.g., drills, 
milling cutters, saws) is not yet possible due to lack of 
real-time visualization.

• With increasing operative time, the preoperative imaging 
data no longer correspond to the actual operative status.

Intraoperative Imaging
Fundamental problems of intraoperative instrument naviga-
tion techniques can arise from the potential for deviation of 
the preoperatively obtained imaging data from the actual 
operative situation. This can be caused, for example, by 
changes due to swelling or by distortions resulting from the 
removal of bone or other tissues. Inaccuracies during the 
phases of data acquisition, data preparation, or registration of 

We currently prefer the use of intraosseous screws,17 
because this method eliminates a number of problems associ-
ated with adhesive markers or surface scan registration. The 
quality of registration is independent of the application pres-
sure of the probe, the positioning of the probe tip on the 
marker is unmistakable, and the danger of a shift of markers 
between the scan and the operation is eliminated. The tem-
porary insertion of screws into the cranial bones of the patient 
can certainly be justified in cases of tumor resection, but this 
procedure seems to be somewhat excessive for elective 
surgery. In such cases, the fixation of adequately formed 
markers to the remaining teeth of the patient through an 
acid-etching technique or by positioning of a plastic dental 
splint would be a possible alternative. This method also pro-
vides absolute stability, is noninvasive, and is associated with 
easy postoperative removal.

Only a few comparable studies regarding the precision of 
navigation and measurement of intraoperative navigational 
systems can be found in the literature. They describe experi-
ences gained through clinical applications and test series on 
various phantoms, reporting navigation accuracy values in 
the range of 1 to 5 mm (1-3 mm in bony structures).23 This 
shows that an error, defined as divergence of the imaged posi-
tion from reality, is always possible in computer-aided surgery. 
An accumulation of errors ranging from image reproduction 
to actual surgery with navigation is unavoidable. Today, the 
intraoperative accuracy of the navigation systems in bones 
and in soft tissues in the vicinity of bone is usually less than 
3 mm.

Clinical Application of Navigation Systems
Between the autumn of 1993 and mid-2001, more than 200 
clinical applications of navigation technology took place at 
the Department of Maxillofacial and Craniofacial Surgery, 
University of Heidelberg, using mainly CT data (layer thick-
ness, ≤2 mm). Some of the surgical episodes were performed 
in interdisciplinary cooperation with the Heidelberg Univer-
sity Clinic Department of Neurosurgery, ENT Department, 
and Department of Ophthalmology.

According to our own experience, CT-based navigation 
can achieve an accuracy of 3 mm or less in bones and in soft 
tissue areas in the vicinity of bones. Registration of the 
patient’s position with preoperatively inserted screw markers, 
which eliminates skin shifts, achieved accuracy values of 
2 mm or less.17,23 With the use of MRI scans as a navigation 
basis, application accuracy values of 4 mm or less were 
achieved in soft tissue regions surrounding the skull base. In 
pure soft tissue surgery, the flexibility of the tissue can render 
the preoperatively obtained data obsolete.

Two clinical cases are presented here to demonstrate the 
advantages of intraoperative instrument navigation 
technology.

Use in Complex Surgical Situations
A 10-year-old patient suffering from a left temporomandibu-
lar ankylosis with severely restricted mouth opening after 
trauma in early childhood underwent surgery. During the 
operative planning, the system facilitated a precise 3-D analy-
sis of the changes in the temporomandibular joint (Fig. 
32-14A). In the operative revision, the navigation system con-
tributed to precise and safe orientation near the severely 
altered lateral cranial base (see Fig. 32-14B and C).
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technology would allow inclusion of functional aspects in 
joint areas as part of the planning, simulation, and 
operation.

INTRAOPERATIVE USE OF MEDICAL ROBOTS

Rapid technological progress in hardware, falling prices, 
and the rapid development of planning and controller  
software increasingly allow the use of robots in the operat-
ing room. Medical robotic systems are being tested or are 
already in commercial use in stereotactic neurosurgical 
interventions, in orthopedic surgery of the hip or knee, 
and in active endoscopic systems for minimally invasive 
surgery. Robots in the operating room are the last link in 

the patient’s position and the navigation technique itself may 
also produce problems. Because of the stability of the struc-
tures, deviations during surgery involving osseous structures 
are considerably less than during operations involving soft 
tissues alone. A possible solution for these deviations is the 
use of intraoperatively applicable imaging procedures such as 
ultrasound, CT, and open MRI.5

Further concepts aim at applying ultrasound, CT, and MRI 
techniques in the operating room to validate the preopera-
tively obtained patient data, update them if necessary, and 
then visually pass them on to the operating surgeon in their 
updated form.

Finally, we also have to think of an intraoperative 4-D 
technique (i.e., moving 3-D images). For example, this 

A

C
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FIGURE 32-14  A,  Screen  view:  visualization of  the mandibular 
joint  ankylosis  on  the  left  side.  Three-dimensional  (3-D)  view  (lower 
right) and orthogonal incisions. B, Intraoperative use of the navigation 
system.  Operative  removal  of  the  mandibular  joint  ankylosis.  The 
crosshairs correspond to the actual position of the tip of the navigation 
probe. The actual position of the navigation probe is visualized as a 
green stick.  (Notice  the representation of  the skin markings  that cor-
relate to the head position on the computed tomographic data record.) 
C, During resection of the ankylosis, cube-shaped cutting of the data 
record in the 3-D view corresponds to the actual position of the tip of 
the navigation probe. 
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Present surgical interventions with robotic assistance 
exhibit the following characteristics:

• The robot-assisted intervention itself is relatively simple, 
and no surgeon is capable of manually working with the 
same high precision as the robot.

• Complex interventions, such as cardiac surgery or laparo-
scopic operations, can be performed only under the direct 
control of the surgeon, such as by telemanipulation.

In contrast to robots previously used in orthopedics and 
neurosurgery, a robotic system for craniomaxillofacial surgery 
makes higher conceptual demands on the system. The bone 
structures involved are more complex, and there are more vital 
structures such as nerves and vessels in the operative area.

The central precondition for successful intervention with 
a robotic system is an adapted patient model that contains all 
relevant information. This relies on data obtained from the 
imaging techniques that are used to define the patient’s indi-
vidual anatomical and pathological characteristics.

The Maxillofacial and Craniofacial Surgery Unit of the 
University of Heidelberg, in cooperation with the Institute of 
Real-Time Computer Systems and Robotics at the Faculty of 
Computer Science, University of Karlsruhe, is working on a 
robotic system to be used in maxillofacial and craniofacial 
surgery (Fig. 32-17). The robot is a modified industrial model 
with six degrees of freedom and a load of 6 kg. The robot is 
installed on the rotating foot of an operating table. During 
the operation, the foot is lowered onto the floor to keep the 
surgical robot’s base in a firm position. The following system 
components are included:

the chain of efforts to give the surgeon comprehensive 
technical support. They make it possible to carry out precise 
incisions in large bony structures after preoperative plan-
ning, including optimal application of implants and 
transplants.25

With the autonomous use of robots, the surgeon permits 
the robot to perform certain parts of the operation com-
pletely. After finishing the procedure, the robot arm goes 
back to its base and remains away from the operating table 
as the surgeon continues the operation. Therefore, the robot 
should be considered as a tool that relieves the surgeon  
of certain tasks requiring high precision. The development 
of such systems is a challenge, because the precision and 
safe handling requirements are extremely important in 
surgery.

The development of semiactive systems, in which the 
operative plan supplies the surgeon with a guide for direction 
of the surgical instrumentation, seems promising. This could 
be used, for example, by a manipulative computer-controlled 
arm that guides the surgeon’s instrument on the calculated 
osteotomy cut, serving as a remote-controlled guide for the 
surgeon. The surgeon controls the instrument while it is con-
nected to the manipulative arm. Each deviation from the 
planned operative procedure can be announced or even 
avoided by the system, using active power feedback systems 
to protect at-risk areas such as nerves and vessels. A robot of 
this kind could, for instance, support an inexperienced 
surgeon by preventing penetration into high-risk areas. We 
have already tested a prototype system of this kind with 
phantom and animal experiments, and further clinical use is 
planned (Fig. 32-16).

FIGURE 32-15  Visualization of a gunshot wound with multiple bullet fragments scattered in maxillary 
and mandibular regions. The navigation system was used intraoperatively to localize and remove bullet 
fragments  in  the  left  submandibular  region.  A,  Three-dimensional  view  (lower right)  and  orthogonal 
images. The crosshairs correspond to the actual position of the tip of the navigation probe. The actual 
position of the navigation probe is visualized as a green stick. B, Intraoperative use of the navigation 
system for localizing and removing bullet fragments in the left retromaxillary region. 

A B
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• Drilling holes with an automatic stop after penetration of 
the bone to protect the tissue lying deep to the bone

• Milling bone surfaces in plastic surgery according to a 3-D 
operative plan

• Performing deep saw cuts for osteotomies and allowing for 
the precise 3-D transposition of the subsequent bone 
segments

• Defined drilling of the implant bed for positioning of 
dental or surgical implants

• Preoperative automatic selection of the necessary osteo-
synthesis plates, their bending by a special machine, and 
their intraoperative positioning in defined positions

INTEGRATION OF COMPUTER-ASSISTED DESIGN

Applications of the computer-aided design and computer-
aided manufacturing (CAD/CAM) technique are also used in 
surgery, with the main focus being the computer-assisted 
construction and manufacture of bespoke three-dimensional 
implants. Titanium implants for precise replacement of 
osseous defects of the skull,26 for example, may now be pro-
duced directly rather than by use of physical models or tem-
plates, as has previously been necessary. Figure 32-19 
demonstrates a skull reconstruction with CAD/CAM 
technology-based direct fabrication of a titanium implant.

EVALUATION OF SURGICAL OUTCOME

Rapid progress in the field of Internet technology means that 
the routine use of teleradiology and telemedicine will become 
a reality in oral and maxillofacial surgery. Clinical and 
imaging data from all stages of treatment will be available to 
all referring physicians associated with the patient’s manage-
ment. Smart cards will enable patients to carry their relevant 
medical data with them. Multicenter and multidisciplinary 

• Robot Unimation RX90 with control software
• End effector, consisting of bone milling machine and bone 

drill, force/torque sensor (which facilitates power-
controlled manual guidance of the robot), and overload 
protection

• Infrared navigation system for positional determination, 
registration, and control of the patient, the robot, and 
other tools

• Coordination processor for the sensory data
• Planning and simulation data processor

The precision of this prototype robotic system has been 
tested by an extensive accuracy analysis with phantoms and 
animal cadavers. Clinical use of this system is planned soon.

We are also testing the use of preoperative 3-D planning 
for dental implantology through a smaller robot. In this case, 
the robot positions an instrument for guidance of the surgical 
handpiece (Fig. 32-18). The initial drilling is carried out man-
ually by the physician, with the position, drilling direction, 
and depth specified by the robot-assisted guide. As a result, 
the surgeon can transfer the implant’s position, which has 
been optimally defined previously on the computer, exactly 
onto the patient.

Future robotic techniques in oral and maxillofacial surgery 
could include the following:

FIGURE 32-16  Test of the interaction between surgeon and robot 
in the semiactive mode with a pig preparation. 

FIGURE 32-17  Preclinical tests with a surgical robot painting inci-
sion lines on a volunteer’s skin. 
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data obtained may be used in planning and operative 
simulation for future procedures, thus improving the likely 
operative outcome. Further work should be aimed at devel-
oping tools for the semiautomatic generation of operative 
plans in a virtual surgical environment. In craniofacial 
surgery, for example, a proposal with individually optimized 
bone cuts and 3-D repositioning of bone segments could 
be presented by the computer to the surgeon, who would 
then be able to accept or change the plan before perform-
ing the surgery.

CONCLUSION

Computer and robotic technologies can optimize operative 
planning and improve the precision and quality of the opera-
tive performance. Through improved control of operative 
risks, preexisting limits may be disregarded and completely 
new operations may be performed. The following prerequi-
sites are required from any future integrated system for 
computer-assisted oral and maxillofacial surgery.

All phases of the treatment—preoperative diagnostic pro-
cedures, operative planning, performance of the operation, 
and evaluation of the results—must be integrated. The system 
should be capable of supporting the surgeon in performing 
conventional operations performed without technical aids, 
technically supported operations involving passive naviga-
tion, and, ultimately, operations performed with active 
robotic assistance.

Today, the instrument navigation technique, with its  
interactive use of patient imaging data, already supports sur-
geons precisely and reliably. It has provided a substantial 

databases will enable new research options. These develop-
ments, however, do raise questions of data safety and security 
that will have to be discussed thoroughly by the medical 
community.

Postoperative computer-assisted assessment of 3-D  
morphology can be achieved by surface scanning tech-
nologies. The operation’s success may be checked, and the 

FIGURE 32-19  Secondary  skull  reconstruction  after  extensive 
trauma  with  CAD/CAM  technology-based  direct  fabrication  of  a  
titanium  implant.  (Implant planning and fabrication by Prof. Dr. H. 
Eufinger, Maxillofacial Surgery Unit, University of Bochum, Germany. 
Information at  www.cranioconstructe.de/2001  [accessed May 2, 
2011].)

FIGURE 32-18  Interaction  between  surgeon  and  robot  during  tests  on  a  phantom.  The  robot  is 
serving as a three-dimensional interactive drill guide for the precise insertion of dental implants. (Courtesy 
of Dr. R. Boesecke, Medical Robotics, Schwabmünchen, Germany.)

http://www.cranioconstructe.de/2001
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improvement in the areas of orientation and safety in complex 
anatomical regions, localization of pathological changes or 
foreign objects, and surgical correction of distinct malforma-
tions. Osteotomies and resections in the areas of tumor 
surgery, especially at the skull base, and reconstructive 
surgery may now be performed faster and more precisely.

From a surgical perspective, a system accuracy of less than 
2 mm would be highly desirable. However, despite the 
described deficiencies, these prototype navigation systems are 
already being successfully used for the benefit of the patient 
and the support of the surgeon. In the near future, as a result 
of the techniques of computer-assisted surgery and their 
associated quality improvements and reduced operative risks, 
there may well be a considerable decline in patient-related 
stress. Nonetheless, the total operative time cannot yet be 
reduced because of the required set-up time and complex 
registration procedures. The economic consequences of such 
high-technology surgical applications should always be dis-
cussed, but there are already reports of decreased hospitaliza-
tion time as a result of the use of navigation systems in 
neurosurgery.

Many authors believe that the use of instrument naviga-
tion systems will become the standard for complex opera-
tions.1,14,17,18 In some fields, especially osseous surgical 
interventions with high demands on precision, operative 
robots have already proved their worth in routine clinical 
practice.21 General limitations on the intraoperative use of 
navigation and robotic systems emerge from the fact that the 
preoperative imaging data become increasingly inexact due 
to changes caused by the operative procedure itself. It is here 
that we must work on the integration of intraoperative 
imaging data (from ultrasonography, MRI, CT, and conven-
tional radiography) into the planning, simulation, and navi-
gation systems.1 Considerable limitations in the field of image 
generation, computer hardware, and software have as yet 
prevented the routine use of such intraoperative imaging 
updates.

Now that the initial feasibility has been proven, it is our 
aim to produce an economical operative system with han-
dling as simple and intuitive as possible. This will encourage 
a broad clinical use of computer-assisted oral and maxillofa-
cial surgery.
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33
Clinical Application of Computer-Assisted 
Reconstruction in Complex Traumatic 
Deformities

C HA P T E R 

Nils-Claudius Gellrich, Alexander Schramm, Rainer Schmelzeisen

Correction of complex traumatic deformities remains a 
challenge; in the diagnostic evaluation of the defor-
mity, in setting up the therapeutic schedule, and in the 

surgical correction itself. Until now, computer-assisted pre-
operative planning (CAPP) and computer-assisted surgery 
(CAS) have not been practiced as part of the surgical routine 
in the field of traumatic deformities.1-5 The aim of this chapter 
is to demonstrate the value of modern computer-assisted 
analysis, simulation, and especially intraoperative navigation 
through the use of optical navigation systems in the field of 
traumatic reconstructive craniomaxillofacial surgery. In our 
experience, the direction of development of conventional 
navigation systems toward a multifunctional planning-
navigation-control unit sets new standards in craniofacial 
plastic and reconstructive surgery.

Primary diagnostics are indispensable in assessing the 
mostly combined bony and soft tissue deformities in major 
craniofacial traumatic disorders. Advances in imaging tech-
niques such as spiral computed tomography (CT) with mul-
tiplanar reconstruction and three-dimensional (3-D) imaging 
and associated technologies such as stereolithographic (STL) 
models, have led to improved preoperative planning for the 
craniomaxillofacial surgeon.6-11 STL models create the 3-D 
situation only of hard tissue defects. They permit, to some 
degree, the preoperative or intraoperative manufacturing of 
individual implants, but they do not fulfill further require-
ments of reconstructive surgery. STL models, reflect just one 
segment within the gray scale of the acquired spiral  
CT dataset. Their use carries the risk of producing pseudo-
foramina artefacts instead of thin bony structures, which are 
widely present, especially in the midfacial skeleton  
(Fig. 33-1).

A spiral CT dataset provides information on a variety of 
both soft and hard tissues, limited only in the communication 
between radiologist and surgeon.10 To obtain sufficient infor-
mation about the preoperative situation, surgeons must 
familiarize themselves with the patient’s individual anatomy. 
Today, modern navigation systems make it possible to 
increase the amount of CT/MRI information and to handle 
it easily. The surgeon can adjust the gray scale and reconstruc-
tions to current demands.12-15 This is particularly important 

in traumatic enophthalmos for precise assessment of the dis-
placement of orbital contents before surgery (Fig. 33-2). The 
features of CAS/CAPP are listed in Box 33-1.

Proper assessment of asymmetry is the first and most 
important step before the reconstructive plan is designed.  
The correct measurement of distances between anatomical  
structures helps to determine the severity of displacement, for 
example, if bony prominences are displaced or deviations 
from the original midline or occlusal plane are concerned. 
Sometimes even well-established clinical measurements such 
as Hertel’s index are limited and must be regarded with great 
skepticism. They do not take into account the amount of bony 
dislocation at the lateral orbital rim, which is often present in 
severe midface fractures. In this case, objective computer-
based measurement technique is advantageous: the CT-based 
corrected Hertel’s index (the perpendicular distance between 
projection of the corneal surface and the lateral orbital rim) 
allows for quantification of globe projection, including the 
additive effect of bony displacement (see Fig. 33-2).16 Further 
transverse, craniocaudal, and posterior-anterior measure-
ments within the orbit suggest where the problem is situated 
and how much bone grafting or reconfiguration of periorbital 
bone is necessary.17 Using this planning procedure, the 
surgeon becomes familiar with the individual deformity in a 
three-dimensional manner.

Among a total of 125 patients with midface fractures and 
skull base deformities, severe ankyloses of the temporoman-
dibular joint (TMJ), optic nerve decompression, complex 
craniosynostosis, midface skull base tumor resections, 
primary and secondary reconstructions and complex dental 
implant insertion were being treated with CAPP and CAS. 
Six fields of computer-based craniofacial reconstruction were 
evaluated.

1. Secondary correction of panfacial fractures
2. Traumatic enophthalmos with or without re- 

osteotomy and advancement of the malar bone
3. Optic nerve decompression in the treatment of traumatic 

optic neuropathy
4. Navigated endoscopic frontal sinus revision after severe 

skull base comminution
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5. Combined periorbital recontouring with computer-aided 
design and computer-aided manufacturing (CAD/CAM) 
of titanium implants and autologous bone grafts

6. Recontouring of severe bone and soft tissue deformities by 
augmentation of the contours with alloplasts (e.g., calcium 
phosphate cement, titanium mesh)

Starting with CAPP and CAS in 1997, the protocol for CT 
data acquisition was to acquire spiral CT datasets (Somatom 
Plus 4 scanner, Siemens, Erlangen, Germany; 1-mm collima-
tion slice thickness, 2-mm table feed, 1-mm increment) to 
serve for CAPP and CAS on the STN navigation system  
(Surgical Tool Navigator, Stryker-Leibinger, Aalen, Germany) 
with STP 4.0 software (Zeiss, Oberkochen, Germany). By 
2010, CT data acquisition had significantly improved, and 
conebeam computed tomography (CBCT) was being used for 
planning of even more complex craniofacial deformity and 
navigated surgery. Modern CBCT machines such as the 
Zenith (Orangedental, Biberach, Germany) allows for scan-
ning of a field of view of 24 × 19 × 19 cm. The number of 
patients with craniofacial deformities we have treated using 
CAPP and CAS exceeds 700. Planning software nowadays is 
independent of the navigation system itself (i-Plan 3.0, Brain-
lab, Feldkirchen, Germany; Voxim 6.0, IVS-Solutions, Chem-
nitz, Germany); it is network-based and allows for direct 
combination with the navigation workstations. Furthermore, 
STL import and export have become standard. Virtual world 
(.wrl) files (including color and texture of 3-D photography) 
can be implemented in the DICOM data format.

Because of the insufficient accuracy of commercially avail-
able noninvasive registration systems, the combination of 
CAPP with virtual correction, intraoperative navigation, and 
postoperative control has not yet become a routine procedure 
in the treatment of orbital deformities. We overcame this 
problem by using an individual noninvasive registration 
system that we developed (Fig. 33-3).18,19 Thermoplastic 
splints are fabricated individually by a dental technician, per-
mitting reuse in the same patient. Occlusal splints are rou-
tinely used in the upper jaw with four markers in different 
XYZ axes. All four markers are kept out of artifact zones such 

FIGURE 33-1  Stereolithographic  model  with  a  right  midfacial 
defect. Pseudoforamina are widely present in the normal left orbit. 

FIGURE 33-2  Axial computed tomographic (CT) view of a unilat-
eral  enophthalmos  with  a  retruded  left  malar  bone.  The  interrupted 
horizontal white line shows the intended projection for the left globe; 
the  perpendicular yellow line  demonstrates  the  CT-based  Hertel’s 
index. 

FIGURE 33-3  Noninvasive system: upper occlusal splint with four 
markers. 

BOX 33-1 Advantages of CAPP and CAS in 
Posttraumatic Reconstruction

• Measurement of distances
• Volume measurements (e.g., orbital contents)
• Mirroring parts of the dataset to an individually created plane with virtual 

reconstruction of form in definable ranges
• Virtual insertion and positioning of autologous bone grafts, realizing preopera-

tive simulation of augmented deficient body contours
• Identifying structures at risk such as the optic nerve
• Intraoperative navigation that allows checking of the individual anatomy 

online and preoperative comparison of planned contour changes
• Assessment of changes between the preceding measurements and the actual 

CT/MRI dataset when postoperative spiral CT/MRI is performed for control

CAPP, computer-assisted preoperative planning; CAS, computer-assisted surgery; CT, computed 
tomography; MRI, magnetic resonance imaging.
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The limit of precision of intraoperative navigation between 
the virtual patient on the workstation and the actual patient 
on the operating table is approximately 1 mm. This can  
be achieved by use of the aforementioned, individually  
fabricated occlusal thermoplastic splints with four reference 
markers in different XYZ positions. Experimental and clinical 
evaluation of this system proved this overall accuracy of 
1 mm.18

Intraoperative navigation was performed using frameless 
stereotaxy (Fig. 33-6). Three infrared cameras controlled the 
pointer (P) via integrated light-emitting diodes (LEDs), and 
the patient’s position was controlled by a dynamic reference 
frame (DRF) fixed rigidly to the Mayfield clamp.

Intraoperative pointer-based navigation with the STN 
workstation was used not only to navigate the present bony 
contours but also to check on new contours, such as surfaces 
augmented with autologous bone grafts, bone substitutes,  
or advanced facial bones (Fig. 33-7). The augmentation 
procedure was finished when the intraoperative situation 
matched the preoperatively planned virtual contours on the 
workstation.

CLINICAL APPLICATIONS OF CAPP AND CAS

CORRECTION OF A PANFACIAL FRACTURE

After trauma resulting in a panfacial fractures that was treated 
at another institution, the patient in Figure 33-8A underwent, 
as a first step, bilateral orbital reconstruction with autologous 
calvarial split-bone grafting and telecanthus correction 
according to the Hammer method.1 The second step in 
secondary reconstruction was to perform correction of the 
displaced mandibulomaxillary complex by bimaxillary 

as prosthodontic restorations (see Fig. 33-3). The markers can 
be alternated according to the demands of the selected 
imaging modality (MRI, CT) and intraoperative use. The 
major advantage of this registration system is its easy repro-
duction, but it is limited in emergency cases in which quick 
assessment of a spiral CT dataset is mandatory (e.g., trau-
matic optic neuropathy) and in edentulous patients. In such 
cases, either temporary inserted bone markers or surface 
matching are used.

At the workstation itself, the full dataset can be adapted to 
the surgeon’s requirements regarding gray scale (i.e., whether 
hard or soft tissues are to be weighed). On the workstation, 
the patient’s individual anatomy is assessed in multiplanar 
(axial, coronal, sagittal) and 3-D views (Fig. 33-4). Virtual 
corrections can be made by drawing new contours or by 
designing virtual implants at the workstation (see Fig. 33-2). 
For unilateral deformities (that do not cross the midline), the 
mirror tool that we developed in cooperation with the 
Stryker-Leibinger company in 1998, permits an ideal recon-
struction by superimposing the normal side over the affected 
or deformed side, thereby creating a new dataset (Fig. 33-5).20 
Most traumatic and tumor-related orbital deformities are 
unilateral, so many cases can be approached with a side-to-
side comparison. In reconstructive surgery, the surgeon must 
define the individual plane to which the selected range of  
the dataset should be mirrored from the unaffected to the 
deformed side. The software guides the surgeon exactly 
through this procedure. Intraoperatively, either the native CT 
dataset or the modified CT dataset can be referred to, so that 
navigation of the intraoperatively achieved reconstruction in 
comparison with the preoperative virtual correction is pos-
sible at any step of the operation. The time required for setting 
up and using intraoperative navigation, once mastered, is an 
extra 30 minutes, whereas the preoperative planning takes 
about 1 hour.

FIGURE 33-4  Multiplanar and three-dimensional view of a patient 
with severe left midface trauma. 

FIGURE 33-5  Same  patient  as  in  Figure  33-4.  Simulation  of  an 
ideal virtual correction by mirroring of a subvolume from the unaffected 
right side onto the left side. 
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re-osteotomy. CAPP was used to define the repositioning in 
regard to the overall asymmetry. Vectors for the ideal correc-
tion of the maxilla were defined (Fig. 33-9) and were followed 
during later surgery with navigational control. The bony 
result of the bimaxillary correction is demonstrated in Figure 
33-10B. Figure 33-11 demonstrates a clinical frontal view 
before orbital correction and after bimaxillary surgery.

TRAUMATIC ENOPHTHALMOS WITH AND 
WITHOUT RE-OSTEOTOMY AND ADVANCEMENT 
OF THE MALAR BONE

Symmetry in orbital reconstruction is important for func-
tional and esthetic reasons.21 Orbital asymmetry mostly 
results from combined soft and hard tissue deformities 

FIGURE 33-6  Setup  for  intraoperative  navigation.  The  dynamic  reference  frame  (DRF)  is  firmly 
attached to the Mayfield clamp by which the patient’s position is controlled. Instrument and pointer (P) 
positions are monitored by integrated light-emitting diodes (LEDs). The maxillary occlusal splint with four 
markers in different XYZ axes allows for noninvasive referencing. 

P

P

DRF

DRF

FIGURE 33-7  Same  patient  as  in  Figure  33-4.  Screen  capture 
during  navigated  surgery  with  the  virtually  reconstructed  computed 
tomography (CT) dataset  in multiplanar  (coronal, sagittal, axial) and 
three-dimensional views. The pointer (dotted lines) monitors the virtually 
reconstructed CT dataset to determine whether the advanced left globe 
matches the computer-assisted preplanned contour. 

FIGURE 33-8  Three-dimensional  view  of  a  patient  injured  in  a 
traffic accident who underwent correction of secondary enophthalmos 
and telecanthus, before (A) and after (B) repositioning of the bimaxil-
lary complex. 
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FIGURE 33-9  Same  patient  as  in  Figure  33-8.  Planning  of  the 
vectors for ideal maxillary shifting. The light blue lines in the multipla-
nar view resemble the amount of movement of defined points (center 
of referencing points). 

FIGURE 33-10  Same patient as in Figure 33-8. Preoperative 
(A) and postoperative (B) view from below showing the corrected 
left shift of the maxillomandibular complex. 

A B

FIGURE 33-11  Same patient as in Figure 33-8. Clinical view before orbital correction (A) and after 
bimaxillary surgery (B). 

A B

including the orbital contents, the bony orbit, and the peri-
orbital soft tissues including the canthal ligaments.

Enophthalmos due to the enlargement of orbital volume 
is a severe complication in traumatic orbital deformities if 
primary reconstruction cannot be correctly achieved.22 

Particularly in traumatic orbital deformities, measurement of 
sagittal globe projection can be done in the same position at 
the workstation as if the patient were on the operating table.23 
The sagittal projection of the globe can be virtually marked 
and corrected (see Fig. 33-2). The globe projection changes 
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can be measured in reference to the corneal surface and the 
optic canal entrance; the latter is the most reliable landmark 
in traumatic patients as far as quantifying sagittal changes in 
orbital contents is concerned (Fig. 33-12). In addition to mea-
suring functions, the software permits 3-D evaluation of 
orbital contents with individual figures (see Fig. 33-12). With 
this method, the orbits can be directly compared to each 
other and the postoperative outcome can be objectively 
quantified.

The average decrease after single orbital reconstruction in 
a group of 18 secondary traumatic enophthalmos corrections 
was 4.0 ± 1.9 cm3, or 65% of an average adult eye-globe 
volume; the average overcorrection of sagittal globe projec-
tion was 2.7 mm.16 However, the clinical outcome, which was 
achieved in all patients by only one operation, seems to justify 
this temporary excess in sagittal globe projection, because 
there is always a certain relapse in globe projection after 
enophthalmos correction.

Figure 33-13A shows a patient with right enophthalmos 
caused by midface trauma sustained 2 years earlier. The right 
malar bone and orbital frame were retruded. In addition, the 
patient showed right temporal hollowing, eyebrow displace-
ment, telecanthus, and a displaced lateral canthal ligament. 
The right malar bone with the superior-lateral periorbital 
frame was advanced via a coronal approach. Hollowing 
caused by temporalis muscle atrophy was reconstructed by 
augmentation of the right temporal region with a calvarial 
split-bone graft. The orbit was recontoured using calvarial 
split-bone grafts. The right medial and lateral canthal liga-
ments were repositioned. Figure 33-13B shows the postopera-
tive result after reconstruction of the enlarged orbit with 
autologous split-bone grafts. During the operation, the bone 
graft position can be checked by navigation at any moment, 
as can the distance to highly vulnerable structures such as the 
optic nerve (Fig. 33-14).23 For intraoperative navigation, the 
mirrored dataset was used as a virtual model for the intended 

FIGURE 33-12  Axial computed tomographic images from a patient with left enophthalmos before 
(A) and after (B) correction with corresponding bilateral orbital volumes. The figures show a 4.0 cm3 
reduction in orbital enlargement on the left side. 

28.0 28.132.128.0 cm3 cm3

A B

ideal reconstruction. The individually mirrored plane and the 
extension of vertical, sagittal, and transverse ranges to be 
mirrored have to be selected at the workstation. This method 
of superimposing a contour by mirroring results in a virtual 
template that can serve directly for intraoperative navigation 
and postoperative control is an easy way to achieve symmetry. 
The postoperative evaluation of the orbital volumes showed 
a clear improvement on the corrected side; the decrease in 
orbital volume in this patient was 80% that of an average adult 
globe volume (Fig. 33-15).

All patients with secondary enophthalmos corrections 
were operated on using a coronal combined with a transcon-
junctival approach. In patients with additional malar bone 
advancement, an intraoral incision was added.

Figure 33-16 shows a screen capture obtained during navi-
gational control for reconstruction of the left medial orbital 
wall in which the mirrored dataset from the patient in Figures 
33-4, 33-5, and 33-7 was used intraoperatively. The surgical 
plan included advancement of the retruded left malar bone 
and augmentation of the left orbit. Figures 33-17 and 33-18 
show different 3-D views for preoperative planning and simu-
lation and postoperative control.

In primary unilateral orbital reconstructions with severe 
destruction of the bony frame and orbital cone, navigated 
surgery can be performed based on an online side-to-side 
comparison. Figure 33-19 shows a screen capture during 
reconstruction of the left orbital floor in a comminuted 
midface fracture. The tip of the dotted line equals the tip of 
the pointer checking on the orbital floor that was primarily 
reconstructed with the use of autologous calvarial split-bone 
grafts. During the operation the bone graft position can be 
checked by navigation at any moment, as can the distance to 
highly vulnerable structures such as the optic nerve (Fig. 
33-20). Figure 33-21 demonstrates multiple 3-D and multi-
planar views to control the preoperative and postoperative 
CT scans (Figs. 33-21A and 33-21B, respectively). In addition 
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to the craniomaxillofacial reconstruction, neurosurgical col-
leagues performed a left anterior skull base revision via a 
frontal osteoplastic approach.

OPTIC NERVE DECOMPRESSION FOR  
TREATMENT OF TRAUMATIC OPTIC 
NEUROPATHY

Among the various therapeutic options in the treatment of 
traumatic optic neuropathy, surgical optic nerve decompres-
sion is an important choice, especially if there is evidence of 
fractures in the posterior third of the orbit or the optic canal. 
In addition to clinical ophthalmological findings, the decision 
of whether to decompress can be based on electrophysiologi-
cal evidence (i.e., flash visual-evoked potentials).23

The operation is performed with the use of a surgical 
microscope. Preoperative planning of the surgical approach 
can be transferred to the visual field of the microscope to 
guide the surgeon to the optic canal (Fig. 33-22). The focus 
of the microscope is correlated to the CT dataset so that the 
surgeon is able to identify the anatomical structures  
visualized through the microscope by watching the CT scan 
at any time (Fig. 33-23). With the use of frameless stereotaxy, 
the decompression of the optic nerve in trauma or tumor 
cases becomes a safe and minimally invasive procedure. The 
multi planar CT shows a fracture in the bony optic canal as 
the radiological correlate for a bony lesion representing  
the pathophysiological mechanism for the optic nerve  
injury. The same CT dataset that was scanned for the primary 

FIGURE 33-13  Clinical frontal views before (A) and after (B) right enophthalmos correction. 

A B

FIGURE 33-14  Same  patient  as  in  Figure  33-13.  Intraoperative 
screen  capture  during  navigated  orbital  reconstruction.  With  the 
pointer-based  navigated  surgery  (dotted line),  the  virtually  recon-
structed computed tomographic dataset can be used, for example, to 
determine whether the intraoperatively augmented medial orbital wall 
matches the computer-assisted preplanned contour. 
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FIGURE 33-15  Axial computed tomographic images from the patient in Figure 33-13 showing the 
orbital  region with  corresponding  bilateral  orbital  volumes  before  (A)  and  after  (B)  operation.  Right 
orbital volume was decreased by 5.2 cm3. 

29.1                         22.6

cm3 cm3

23.9                       22.6

A B

FIGURE 33-16  Same patient as in Figures 33-4, 33-5, and 33-7. 
Multiplanar  and  three-dimensional  screen  capture  during  navigated 
control  of  medial  orbital  wall  augmentation.  The  tip  of  the  pointer 
(dotted line)  shows  the  correct  reconstructed  contour  of  the  medial 
orbital wall compared with the mirrored dataset, resembling the ideal 
reconstruction.  New  position  on  top  of  the  augmented  calvarial  
grafts. 

FIGURE 33-17  Frontal  and  lateral  three-dimensional  computed 
tomographic views from the patient in Figures 33-4, 33-5, 33-7, and 
33-16 preoperatively, after simulation, and postoperatively. 

FIGURE 33-18  Bird’s-eye  and  worm’s-eye  three-dimensional 
computed  tomographic  views  from  the  patient  in  Figures  33-4, 
33-5, 33-7, 33-16, and 33-17 preoperatively, after  simulation, and 
postoperatively. 
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FIGURE 33-19  Screen capture from a patient with a comminuted 
left  orbital  fracture  undergoing  navigation-controlled  primary  orbital 
reconstruction. The pointer (dotted line) marks the intended position of 
the  orbital  floor  to  be  reconstructed  (i.e.,  side-by-side  split  grafts  or 
titanium mesh can be contoured).  FIGURE 33-20  Same patient as in Figure 33-19. Screen capture 

during  reconstruction  of  the  left  medial  orbital  wall.  The  dotted line 
represents the pointer; the tip of the pointer checks for the contour of 
the inserted calvarial split-bone grafts. 

FIGURE 33-21  Same patient as in Figure 33-19. Control of preoperative (A) and postoperative (B) 
three-dimensional and multiplanar views. 

A B
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even in such cases, CBCT might be regarded as appropriate 
for acquiring 3-D data.24

COMBINED MALAR BONE ADVANCEMENT WITH 
CUSTOM-MADE TITANIUM IMPLANT

After a close gunshot injury, the subject of the CT scan in 
Figure 33-29 suffered from gross middle and upper facial 
deformity and was admitted for secondary reconstruction to 
our department. Figure 33-29 shows the eye prosthesis in 
place in the left deformed orbit. Before surgery, a titanium 
implant was custom-fabricated by computer numerical 
control (CNC) milling on the basis of a virtually ideally 
reconstructed subvolume of the CT dataset (Cranio Con-
struct Bochum).

craniofacial diagnostic workup can also be used for intra-
operative navigation. The only prerequisite is that during the 
CT scanning process a registration system has to be applied 
to the patient. In this emergency situation, we used a pre-
fabricated upper occlusal splint, mounted with the 
aforementioned four markers and filled with a silicone-based 
impression material. Intraoperatively, the CT dataset and the 
patient on the operating table could easily be matched by 
using the scanned four reference points.

Figure 33-23 shows an intraoperative screen capture in a 
multiplanar view during the transnasal/transethmoidal optic 
nerve decompression. Figures 33-24A and 33-24B compare 
the matched preoperative and postoperative views in the 
coronal and axial planes.

NAVIGATED ENDOSCOPIC FRONTAL  
SINUS REVISION AFTER SEVERE SKULL  
BASE COMMINUTION

After a car accident, a male adult patient lost his frontal bones 
due to major infection in the comminuted frontal sinus and 
ethmoidal area (Fig. 33-25A). Before reconstruction of the 
neurocranium, the severely deformed frontoethmoidal region 
was operated on with tracked endoscopic minimally invasive 
surgery (Figs. 33-26 and 33-27). The axis and the tip of the 
endoscope are indicated by a dotted line (see Fig. 33-27, inset). 
Figures 33-26 and 33-27 show the clinical view and Figure 
33-27, inset, demonstrates a screen capture during tracked 
endoscopic surgery. Secondarily, a CAD/CAM-titanium 
implant (Cranio Construct Bochum, Bochum, Germany) was 
inserted to reconstruct the major frontal defect. Figure 33-28 
shows the intraoperative lateral view, Figure 33-25B demon-
strates the clinical view 10 days after reconstruction. Today, 

FIGURE 33-22  Computer-assisted  preoperative  planning  of  the 
approach  for  optic  nerve  decompression  in  multiplanar  and  three-
dimensional views of a patient with a right traumatic optic nerve lesion. 

FIGURE 33-23  Same patient as in Figure 33-22. A, Intraoperative 
multiplanar and three-dimensional views (screen capture) during navi-
gated optic nerve decompression. B, The tip of the dotted line in A is 
correlated with the focus of the microscope, in which the optic nerve 
(cross-marked in the microscopic view) can be seen. 

A

B
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FIGURE 33-24  Same  patient  as  in  Figure  33-22.  Matched 
preoperative (A) and postoperative (B) axial and coronal views. 
After transethmoidal optic nerve decompression, the bony ring of 
the optic canal has been opened. 

A B

FIGURE 33-25  Preoperative (A) and 10 days postoperative (B)  lateral views of a patient with an 
extended bifrontal defect sustained in a car accident. 

A B
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FIGURE 33-26  Same patient as in Figure 33-25. Bird’s-eye view 
during navigated endoscopic surgery with a tracked endoscope (right). 

FIGURE 33-27  Same patient as in Figure 33-25. Intraoperative overview during computer-assisted 
endoscopic surgery. A multiplanar and three-dimensional view of  the same patient  (inset)  is available 
to the surgeon in real time. The tip of the dotted green line marks the tip of the tracked endoscope. 

FIGURE 33-28  Same  patient  as  in  Figure  33-25.  Intraoperative 
lateral view during secondary bifrontal reconstruction with a commer-
cially  available  custom-made  titanium  implant  (Cranio  Construct 
Bochum, Bochum, Germany). 

The first step was to position the individual titanium 
implant in the left bifrontotemporal region, and the second 
step was re-osteotomy of the left malar bone and navigation-
ally controlled advancement and fixation of the bone segment. 
For better control, the mirror tool was preoperatively applied 
again to achieve an ideal reconstructed virtual model.16 This 

served intraoperatively for navigated control of the advance-
ment of the left malar bone segment before rigid fixation  
(Fig. 33-30). In a third step, an additional autologous calvarial 
split-bone graft was used to augment the left temporal hol-
lowing, which was caused by severe muscle loss. The mirrored 
dataset was used again to check on the preplanned contours 
in the temporal region. Figures 33-31 and 33-32 show post-
operative multiplanar and 3-D views, and Figure 33-32 dem-
onstrates the correct reconstruction of the deficient left 
temporal region.
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FIGURE 33-29  Multiplanar  and  three-dimensional  view  of  a 
patient’s computed tomographic dataset after a closely fired gunshot 
wound shows extended left soft and hard tissue loss. 

FIGURE 33-30  Same  patient  as  in  Figure  33-29.  Intraoperative 
screen  capture  during  navigated  control  of  repositioning  of  the 
advanced left malar bone complex. The tip of the dotted line indicates 
the pointer tip. The correct position for the lateral orbital rim is achieved 
according to the virtually reconstructed dataset demonstrated here. 

FIGURE 33-31  Same  patient  as  in  Figure  33-29.  Postoperative 
multiplanar and three-dimensional view. 

FIGURE 33-32  Same  patient  as  in  Figure  33-29.  Postoperative 
multiplanar and  three-dimensional view shows additional bone graft-
ing to overcome the temporal hollowing. 

RECONTOURING OF SEVERE BONE AND SOFT 
TISSUE DEFORMITIES BY AUGMENTATION  
OF THE CONTOURS WITH CALCIUM  
PHOSPHATE CEMENT

The preoperative CT scan in a multiplanar view (Fig. 33-33) 
shows a left periorbital and temporal bony and soft tissue 
defect after an osteoplastic trepanation without osseous rein-
tegration of the temporal bone. The first step was to virtually 
ideally reconstruct the patient before operation by mirroring 
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FIGURE 33-33  Preoperative  multiplanar  and  three-dimensional 
view from a patient with left temporo-orbital soft and hard tissue loss. 

FIGURE 33-34  Same patient as in Figure 33-33. Corresponding 
views after virtual reconstruction with application of the mirror tool. 

FIGURE 33-35  Same  patient  as  in  Figure  33-33.  Clinical  view 
from above after exposure of the deficient left  temporo-orbital region 
via a bicoronal approach. 

FIGURE 33-36  Same  patient  as  in  Figure  33-33.  Intraoperative 
screen capture pointing at the surface of the deficient temporal region 
(tip of dotted line)  in  the  virtually  ideally  reconstructed  computed 
tomographic dataset. 

a subvolume of the CT dataset from the unaffected right side 
onto the left side (Fig. 33-34). Intraoperatively (Fig. 33-35), 
autologous calvarial split-bone grafts were used to recontour 
the left orbit, and calcium phosphate cement served for 
recontouring of the severe left temporal hollowing. Figure 
33-36 shows a screen capture obtained during navigation 
with the mirrored dataset; the pointer is checking the contour 
during reconstruction. To reduce the amount of calcium 
phosphate cement, a calvarial split-bone graft was used as an 
onlay graft to the forehead.

The intraoperatively achieved augmentation was stopped 
when it matched the preplanned contours (Fig. 33-37). Figure 

33-38 shows postoperative CT multiplanar and 3-D views 
after recontouring of the periorbital and temporal left defect. 
Figure 33-39 shows matching of lateral 3-D views (preopera-
tive, ideally virtually reconstructed, and postoperative CT 
datasets) of the same patient on the workstation of the STN 
navigation system.

The noninvasive registration system marked by radi-
opaque spheres has been patented by the authors.
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FIGURE 33-37  Same  patient  as  in  Figure  33-33.  Clinical  view 
corresponding  to  Figure  33-35  after  augmentation  of  the  left 
frontotemporo-orbital region with calcium phosphate cement.  FIGURE 33-38  Same  patient  as  in  Figure  33-33.  Postoperative 

multiplanar  and  three-dimensional  view  corresponding  to  Figures 
33-33 (preoperative) and 33-34 (virtually reconstructed). 

A B

C

FIGURE 33-39  Same  patient  as  in  Figure  33-3.  Matched 
lateral  preoperative  (A),  simulated  (B),  and  postoperative  (C) 
three-dimensional computed tomographic views. 

PRIMARY TRAUMATIC ORBITAL  
RECONSTRUCTION: STL MODELING AND 
PATIENT-SPECIFIC PREOPERATIVE IMPLANT 
MANUFACTURING VERSUS STANDARDIZED 
PREFORMED ORBITAL PLATES

A patient suffered a two-wall fracture of the right medial 
orbital wall and orbital floor as the result of an assault. 
Figure 33-40 shows the preoperative sagittal and coronal 

conebeam data acquired with the Zenith machine (Orange-
dental). Preoperatively, an STL model was virtually manu-
factured using Brainlab software i-Plan 3.0 (Feldkirchen, 
Germany) (Fig. 33-41); after the STL file was exported, a 
custom-made, laser-sintered model was fabricated (Fig. 
33-42), which allowed prefabrication of a patient-specific 
two-wall orbital implant (Fig. 33-43). This implant was com-
pared with a standardized preformed orbital wall plate 
(Synthes, West Chester, Penn).
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FIGURE 33-40  Preoperative  sagittal  and  coronal  conebeam data  from a patient with a  two-wall 
fracture of the right medial orbital wall and orbital floor. 

FIGURE 33-41  Same  patient  as  in  Figure  33-40.  Stereolitho-
graphic (STL) model preoperatively manufactured virtually. 

FIGURE 33-42  Same  patient  as  in  Figure  33-40.  Custom-made 
laser-sintered model fabricated after exporting of the stereolithography 
(STL) file. 

Figure 33-44 shows a frontal view of the two implants, 
with the standardized preformed plate on top of the patient-
specific two-wall orbital implant (based on a Synthes fanplate 
orbital implant). The decision to use a patient-specific implant 
was made because of the vertical discrepancy in this specific 
case, although the overall precision of the standardized pre-
formed plates is very satisfying in many cases. The implant 
was inserted via a retroseptal transconjunctival approach 
with a retrocaruncular extension to the medial orbital wall 

(Fig. 33-45). Positioning of a perfect lid on the corresponding 
pot resp. of a perfectly shaped orbital implant in the injured 
orbit was checked by intraoperative navigation with the 
Brainlab navigation system (Colibri); the postoperative cone-
beam scan shows the orbital implant in its appropriate posi-
tion (Fig. 33-46). Figure 33-47 shows the preoperative and 4 
weeks postoperative view from below.

The future of computer-assisted planning and surgery  
is more and more directed towards an effective use of 



FIGURE 33-43  Same  patient  as  in  Figure  33-40.  Prefabricated 
patient-specific two-wall orbital implant. 

FIGURE 33-44  Same patient as in Figure 33-40. Frontal view of 
the  implant  from  Figure  33-43  compared  with  a  standardized  pre-
formed orbital wall plate (on top). 

FIGURE 33-45  Same patient as in Figure 33-40. Insertion of the 
patient-specific two-wall orbital implant via a retroseptal transconjunc-
tival approach with a retrocaruncular extension to  the medial orbital 
wall. 

FIGURE 33-46  Same patient as in Figure 33-40. Postoperative conebeam scan shows appropriate 
position of the orbital implant. 
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FIGURE 33-47  Same patient as in Figure 33-40. Preoperative (A) and 4 weeks postoperative (B) 
views from below. 

A B

preoperative, intraoperative, and postoperative phases, to 
improve the quality of the surgical outcomes. This must be 
integrated with rigorous audit of those outcomes.25-30
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A
Abdomen, examination of, 55
Abducens nerve injury, 176, 177f, 178, 195
Abnormal linear density sign, 86, 86f
Abrasion, 5-6, 105-106, 105f

corneal, 53, 182
nasal, 353

Abscess, brain, 65
Acrylic biomaterials, 136-138, 137f-138f
Adhesives, 113-114, 115f, 141-142, 142f, 

441, 441f
Adjustment disorder, with disfigurement, 

537-538
Age, scar and, 434
Air

intracranial, 88, 88f
orbital, 72f, 74f, 87-88, 96-97, 96f
soft tissue, 87-88

Air bags, 8-9, 8f-9f
Airway, 32-38

chin lift for, 34, 34f
definitive, 36-38, 36b

indications for, 36
nasotracheal intubation for, 37
needle cricothyroidotomy for, 37-38, 

39b, 39f
orotracheal intubation for, 36-37
rapid-sequence induction for, 36
surgical cricothyroidotomy for, 38, 

40f-41f, 41b
tracheostomy for, 38

in gunshot injury, 250
jaw thrust for, 33-34, 34f
laryngeal injury and, 35-36
laryngeal mask, 34
laryngeal tube, 34
maxillofacial injury and, 34-36,  

35f
multilumen esophageal, 34
nasopharyngeal, 34
oropharyngeal, 34
panfacial fracture and, 236-237,  

237f
tongue position in, 33, 35

Alcohol use/abuse, 5, 59, 540

Alloplastic biomaterials/implants, 132-143, 
553-562, 555t

anatomic placement of, 132-133
antibiotics infusion with, 133
biocompatibility of, 132
biofilm formation and, 561, 561f
calcium carbonate, 141
calcium phosphate, 139-140, 141f
computer-assisted fabrication of, 

605-608, 606f-608f
cyanoacrylate, 113-114, 115f, 141-142, 

142f, 441, 441f
in gunshot injury treatment, 392-395
handling of, 133
hydroxyapatite, 139-140, 141f, 553-555, 

554f
infection with, 142-143
metal, 138-139, 139f-140f, 560-561, 560f
mobility of, 133
polyamide, 136
polyetheretherketone, 557
polyethylene, 135, 135f, 556, 557f
polyethylene terephthalate, 135-136
polymethylmethacrylate, 136-138, 

137f-138f, 556, 558f
polytetrafluoroethylene, 134, 135f, 

556-557, 558f-559f
resorbable polymer, 136, 137f, 557-560, 

559f-560f
in secondary orbital deformity, 505-506, 

508-510, 509f-510f
in secondary rhinoplasty, 487-488, 491f
silicone, 133-134, 134f, 436, 436f, 

555-556, 556f
size of, 133
types of, 133-142

Alveolar artery, transection of, 81
Alveolar fracture, 299, 299f-300f. See also 

Dento-alveolar injury;  Tooth (teeth) 
injury

splinting for, 299-301, 300f
Alveolar ridge, vertical distraction of, 

473-475, 473f-474f
distractor placement for, 473-475, 

473f-474f
radiography in, 473f

results of, 474f-475f
AMPLE mnemonic, 52
Anatomical (anthropological) baseline, in 

radiography, 100
Angiography

in panfacial fracture, 232, 234f
in penetrating injury, 81

Angle recession, 184
Animal bites, 19, 107-108. See also Dog 

bites
Anosmia, after nasoethmoid trauma, 220
Anterior chamber injury, 183, 183f
Anthropological baseline, in radiography, 

100
Antibiotics

with alloplastic biomaterials/implants, 
133

in burn injury, 416-417, 417f
in craniofacial fracture, 207
in gunshot injury, 371
in mandibular fracture, 263
in wound treatment, 432

Anxiety, with disfigurement, 537-538
Arteriovenous anastomosis, 186
Assault, 4-5, 4t
Athletes

injury in, 4t, 12
eye protector prevention of, 15
mouthguard prevention of, 13-15,  

14f
volume loss in, 46

AVPU mnemonic, 50
Avulsion injury, 107, 108f

ear, 360-362, 361f
lip, 355-358, 357f-358f
nose, 353, 354f-356f
tooth, 297-298

Axonotmesis, 404. See also Facial nerve 
injury

B
Barbiturates, in intracranial pressure 

management, 68
Battle’s sign, 37, 38f

Note: Page numbers followed by f refer to figures; page numbers followed by t refer to tables; page numbers followed by b refer to boxes.

Alveolar ridge, vertical distraction of 
(Continued)
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Beck’s triad, 43
Bell’s palsy, 186, 517. See also Facial nerve 

injury
Berlin’s edema, 164, 185, 185f
Bicanalicular tubes, 314, 315f
Bimaxillary osteotomy, in secondary 

posttraumatic malocclusion, 462, 465f
Biofilm, 561, 561f
Biomaterials, 553-562. See also Alloplastic 

biomaterials/implants
biofilm formation and, 561, 561f
bone substitute, 553-555
ceramic hydroxyapatite, 554-555, 554f
demineralized bone, 553
hydroxyapatite, 553-555
infection of, 553, 554f, 561
nonceramic hydroxyapatite, 555
for tissue engineering, 562

Bites, 107-108. See also Dog bites
Bleeding, 49f, 80-81. See also Hemorrhage
Blood pressure, assessment of, 50
Blood transfusion, 48-49

crossmatching for, 49
Blunt trauma, 52
Bolam test, 27
Bolitho v Hackney Health Authority, 27
Bone(s)

demineralized, 553
displaced, in radiographic 

interpretation, 86
distraction of. See Bone distraction
examination of, 56
fracture of. See Fracture

 and specific fractures
substitutes for, 553-555

Bone distraction, 470-479
alveolar ridge, 473-475, 473f-475f
complications of, 478-479
distractor fixation for, 470-471
distractor placement for, 478-479
historical perspective on, 470
horizontal mandibular technique of,  

475
indications for, 471-477, 471f-472f
mandibular angle, 471-472, 472f
mandibular ramus, 471-472
mandibular symphysis, 472-473, 

472f-473f
maxillary arc, 475-476, 475f-476f
midface, 476-477, 477f-478f
planning for, 477-478
principle of, 470-471
timetable for, 471f, 479

Bone graft/grafting
in craniofacial fracture treatment, 

200-201, 200f-201f
in full-thickness calvarial defect, 449, 

450f
in nasoethmoid fracture, 217-218, 

217f-218f
in secondary nasoethmoid fracture 

deformity, 456-457
in secondary orbitozygomatic deformity, 

456, 457f, 505-506
in secondary posttraumatic deformity, 

447
in secondary rhinoplasty, 485-488, 

486f-490f

Brain herniation, 64-65
central tentorial, 65
lateral tentorial, 64
subfalcine, 64

Brain injury, 59-70. See also Head injury
axonal, 62
burst lobe with, 64
cerebral edema with, 64
computed tomography in, 66b, 78-79, 

79b
contact, 62
hematoma with, 63-64, 63f-64f
herniation with, 64-65
inertial, 62
infection with, 65
intraventricular hemorrhage with, 64
management of, 65
penetrating, 63, 67
primary, 61-63, 62t
secondary, 62t, 63-65, 63f
subarachnoid hemorrhage with, 64

Breathing, 38-44. See also Airway
Bronchus, tooth in, 91, 91f
Bruise, 5

eyelid, 182, 182f
postauricular, 37, 38f
seat belt–related, 55, 55f

Burn injury, 52, 415-426
air bag–related, 9f
antimicrobials in, 416-417, 417f
classification of, 415-416
contracture release in, 426
débridement in, 417
ear, 420-421, 422f
electrical cord, 16, 16f, 423, 423f-424f
enzymatic débridement in, 417
eschar formation prevention in, 425
esthetic units in, 423-425, 425f
eyebrow, 420
eyelid, 418-420, 421f
full-thickness, 415-416, 416f
lip, 421-423, 423f
management of, 417-425, 417f
mouth, 421-423, 423f
neck, 423, 424f
nose, 420, 421f
partial-thickness, 415-416, 416f
psychological factors in, 540
scalp, 418, 418f-420f
sheet grafting in, 425-426, 425f
superficial, 415
tetanus prophylaxis in, 418

Burst lobe, 64

C
Calcium carbonate, 141
Calcium phosphate cement/implant, 

139-140, 141f
computer-assisted placement of, 

603-604, 
 604f-605f

Callus, 124, 125f
Calvarial defect, full-thickness, 448-450, 

448f
assessment of, 449
surgical management of, 449, 450f

outcome of, 449-450
planning for, 449, 449f

Campbell’s lines, 82, 82f
Canthal ligament

lateral, 304-305
direct closure of, 337
disruption of, 163f, 322-323,  

349-353
periosteal flap in, 322-323, 323f

drift of, 165f
in panfacial fracture, 248, 249f
Z-plasty of, 339

medial, 213-216, 213f-214f, 305-306, 
306f

bony attachment of, 218-219,  
218f

disruption of, 163f, 195, 218-219, 
319-320, 349-353

in panfacial fracture, 246
reattachment of, 219-220, 219f, 246, 

247f, 349-353, 353f
to posterior lacrimal crest, 

319-320, 319f-320f
transnasal wire for, 320, 320f

reconstruction of, 214, 335-336, 
335f-337f

in secondary deformity, 456-457, 
458f, 513

web of, 338-339, 339f
Z-plasty of, 338-339, 340f

Cantholysis, 326, 327f-328f
Canthomeatal line (orbitomeatal baseline), 

100
Canthopexy, 219, 219f, 246, 247f

in secondary deformity, 456-457, 458f, 
513

Cardiac tamponade, 43-44
Caroticocavernous fistula, 177f, 186,  

235f
Cartilage graft/grafting

in secondary deformity, 447, 456-457, 
458f

in secondary rhinoplasty, 485-488,  
486f

Catheterization, urinary, 50-51
Cerebral blood flow, 61

autoregulation of, 61
Cerebral contusion, 62. See also Brain 

injury
Cerebral edema, 64
Cerebral perfusion pressure, 61

management of, 67-68
Cerebritis, 65
Cerebrospinal fluid (CSF) leakage, 53-54, 

54f, 94-95
computed tomography in, 95, 95f
in craniofacial fracture, 194
magnetic resonance imaging in, 95,  

96f
Cervical spine

assessment of, 32-38, 33b, 54-55,  
194

immobilization of, 32, 33f, 38, 194
Cervical spine injury, 66, 194

computed tomography in, 80, 80f
fracture, 55, 80f
ligamentous, 80
magnetic resonance imaging in, 80
missed, 80
radiography in, 55, 79-80, 80f
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Cheek
laceration of, 337, 359, 402, 403f. See 

also Facial nerve injury
scars of, 434

Cheek flap, in lower lid defect, 331, 332f
Chest

auscultation of, 55
examination of, 55, 55f
flail, 43
radiography of, 55

Chest drain, 43, 43b
Child abuse, 301-302, 301t
Children

car seat restraints for, 8, 8f
computed tomography in, 79, 79b
condylar fracture in, 283-284
congenital cranial malformations in, 

580, 581f-582f
dog bites in. See Dog bites
electrical cord burns in, 16, 16f, 423, 

423f-424f
fracture treatment in, 128-129
growing skull fracture in, 448, 448f
nasal fracture in, 226-227, 226f-227f
nasoethmoid fracture in, 219-220
orbital blowout fracture in, 98-99, 98f
orbital foreign body in, 92
posttraumatic stress disorder in, 539
spinal cord injury without radiographic 

abnormality in, 80
volume loss in, 46

Chin lift, 34, 34f
Choroid

effusion of, 185
tears of, 185

Ciliary body, injury to, 184
Clinical psychologist, 547
Coagulopathy, in shock, 45
Collagen injection, in scar revision, 440, 

440f
Colloids, 48
Columella

extension of, 496
retraction of, 485

Commotio retinae, 164, 185, 185f
Communication, impairments in, 535
Compartment syndromes, 96-97

computed tomography in, 96, 96f
Compression dressings, in scar 

management, 436-437, 437f
Computed tomography, 51, 54, 71-75

axial (transverse), 72, 73f-74f
in cervical spine injury, 80, 80f
in chronic compartment syndromes,  

97
in compartment syndromes, 96-97, 96f
computer-assisted, 73
in computer-assisted posttraumatic 

reconstruction, 591-593, 592f-593f
in computer-assisted surgery, 576-577, 

577f-579f
conebeam, 73-74, 76f-77f
coronal, 72, 74f
in craniofacial fracture, 195-198, 

195f-196f
in CSF leak, 95, 95f
in enophthalmos, 97, 97f
in extradural hematoma, 63f

in frontal sinus fracture, 94f, 204-205, 
204f, 237f-238f

in head injury, 65-66, 66b
indications for, 74-75
interpretation of, 89, 90f
in lacrimal duct fracture, 90f, 93
in Le Fort fracture, 84f
in mandibular fracture, 255-256
in maxillary fracture, 74f, 84f, 231-232
in nasal fracture, 90f, 223, 224f
in nasoethmoid fracture, 210f-212f, 212
in optic nerve injury, 181f
in orbital blow-in fracture, 99, 100f
in orbital blowout fracture, 90f, 97f, 

98-99, 99f
in orbital deformity, 500-502, 500f
in orbital floor fracture, 74f, 167f, 173f
in orbital foreign body, 90f, 91-92
in orbital hematoma, 90f
in orbital injury, 90f, 173-174, 173f
in orbital roof fracture, 94f, 452f
in panfacial fracture, 231-232, 232f-

234f, 246f
in petrous bone fracture, 73f
in pneumocephalus, 88, 88f
postoperative, 171
in retrobulbar hemorrhage, 96, 96f, 170f
in secondary deformity, 444-445, 445f, 

454, 455f
in skull fracture, 74f
in sphenoid fracture, 90f, 239f
in subdural hematoma, 64f
in suspected intracranial injury, 78-79, 

79b
in tension pneumo-orbitism, 96-97, 96f
three-dimensional, 72-73
in vision loss, 81
voxel in, 73, 75f
window in, 73, 75f
in zygoma fracture, 74f, 445f

Computed tomography angiography, 81
Computed tomography cisternography, 95
Computer-assisted posttraumatic 

reconstruction, 591-608, 592b
computed tomography in, 591-593, 

592f-593f
in enophthalmos, 594-597, 596f-598f
frameless stereotaxy in, 593, 594f
in frontal sinus revision, 600, 601f-602f
in gunshot injury, 600-602, 603f
in optic neuropathy, 597-600, 600f-601f
in orbital fracture, 596-597, 598f-599f, 

605-608, 606f-608f
in panfacial fracture, 593-594, 594f-595f
registration system for, 592-593, 592f
stereolithographic model in, 591, 592f
in temporo-orbital defect, 603-604, 

604f-605f
workstation displays for, 593, 593f

Computer-assisted surgery, 574-590. See 
also Computer-assisted posttraumatic 
reconstruction

CAD/CAM technique for, 588, 589f, 
600, 602f

in dental implantology, 578-580, 
579f-580f

evaluation after, 576, 588-589

force-feedback devices in, 581, 582f
interactive support for, 575-576, 

582-588, 582f-583f
intraoperative imaging for, 576
in malformation correction, 580, 

581f-582f
navigation system for, 582-586, 

583f-584f, 586f-587f. See also 
Navigation systems

planning for, 574, 577-581
preoperative imaging for, 576-577, 

577f-578f
projection devices for, 582, 582f
robots for, 586-588, 588f-589f
segmentation procedures in, 574, 

575f-576f
simulation for, 574, 577-581

Concussion, 69, 69b. See also Brain injury; 
Head injury

Condylar fracture. See Mandibular condyle 
fracture

Conjunctiva
hemorrhage of, 53f
injury to, 183
transconjunctival incision of, 153-154, 

154f
Consciousness, level of, 50, 50t

in craniofacial fracture, 194
in shock, 46

Contact brain injury, 62
Contusion, 5, 105

cerebral, 62
Cornea

abrasion of, 53, 182
foreign body of, 182-183
injury to, 183, 313
protection of, 313

Coronal plane, 100
Coronoid fracture, 266
Cortical defect/crack (separation sign), 

84-85, 84f-85f
Cortical duplication (overlap) sign, 86,  

86f
Corticosteroids

in optic nerve injury, 180-181
in scar management, 436

Cotton-wool spots, 186, 186f
Counselor, 547
Cover test, 174, 174f
Cranial sutures, distraction of, 477
Cranial vault deformity, 448-452

in calvarial defect, 448-450, 448f-450f
in frontal sinus fracture, 450-451, 451f
in orbital roof fracture, 451-452, 452f

Craniofacial fracture, 192-208. See also 
Frontal sinus fracture

central, 193, 193f-194f
classification of, 192-193
clinical features of, 193-195
computed tomography of, 195-198, 

195f-196f
dural tears with, 197, 197f
evaluation of, 194
historical perspective on, 192
lateral, 193, 193f-194f
meningitis with, 197
outcomes of, 207

Computed tomography (Continued) Computer-assisted surgery (Continued)
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in panfacial fracture, 243-244, 244f-245f
radiography in, 72f
surgical management of, 198-201, 207b, 

243-244
anatomy for, 196, 196f
bone grafting in, 200-201, 200f-201f
exposure for, 198-199, 198f-199f
fixation in, 200, 200f
fragment mapping in, 244, 245f
goals of, 196
indications for, 197-198
minimal brain retraction in, 199-200
optic nerve injury with, 182, 182f
order of, 198
principles of, 198-201
rationale for, 196-198
results of, 201-202, 244, 245f
timing of, 198

Craniomaxillofacial trauma, 3-18. See also 
specific injuries

airway and, 34-36, 35f. See also Airway
assault-related, 4-5, 4f, 4t
bleeding from, 49, 49f
classification of, 3-5
disfigurement with. See Facial 

disfigurement
etiology of, 3-18, 4t
fall-related, 4t, 12-13
gun-related, 11-12
medicolegal description of, 5-6
prevention of, 13-16

education in, 15-16
eye protectors in, 15
helmets in, 9-10, 10f
medical, 13
mouthguards in, 13-15, 14f

psychosocial management of. See 
Psychosocial management

RTA-related, 4t, 6-11, 7f-9f
scoring systems for, 4
severity of, 3-4
sports-related, 4t, 12
war-related, 11-12

Craniotomy, in frontal sinus fracture, 205, 
205f

Crawford tubes, 314, 315f
Cribriform fracture, 193, 193f, 211, 211f. 

See also Craniofacial fracture
Cricothyroidotomy

needle, 37-38, 39b, 39f
surgical, 38, 40f-41f, 41b

Crossmatching, for blood transfusion, 49
Crush injury, 430, 430f
Crystalloids, 48
Cutler-Beard bridge flap, 333-334, 

334f-335f
Cyanoacrylate, 113-114, 115f, 141-142, 

142f, 441, 441f
Cycling accidents, 10-11, 11f

helmets and, 9-10, 10f
Cyclodialysis, traumatic, 184

D
Dacryocystography, 93
Dacryocystorhinostomy, 316-318, 

316f-317f
complications of, 317-318

Damage control resuscitation, 45
Data Protection Act (1998), 25
Débridement

in burn injury, 417
in soft-tissue injury, 110-111, 431,  

431f
Decubitus ulcers, 56
Deformity. See Facial disfigurement; 

Scar(s); Secondary posttraumatic 
facial deformity

Degloving injury, 359
Dento-alveolar injury, 288-303. See also 

Tooth (teeth) injury
in child abuse, 301-302, 301t
classification of, 288, 289t
evaluation of, 288-290

extraoral examination in, 289,  
289f

intraoral examination in, 289-290
medical history in, 289
patient history in, 288
photography in, 290
radiography in, 89, 290, 290f

management of, 290-291
bone tissue, 299, 299f-300f
periodontal tissue, 295-299, 295t, 

296f-297f
permanent dentition, 293-302
primary dentition, 290-293, 291f-292f

sports-related, 13-15, 14f
Dentures, dislodgement of, 91
Depositions, 21-23
Depression, with disfigurement, 537-538
Dermabond, 113-114, 115f, 142, 142f
Dermabrasion

in scar revision, 438
in soft-tissue injury, 110, 111f

Dermal needling, in scar revision, 439
Dermaroller therapy, in scar revision, 439
Diffuse axonal injury, 62
Diplopia, 164, 176-177

in Le Fort fracture, 230
in secondary deformity, 499, 499f
testing for, 174, 175f, 176-177

Disability, 50, 50t
Disappearing fragment sign, 86
Discovery deposition, 21
Distraction. See Bone distraction
Documentation, 19-21, 24

medicolegal considerations of, 57
patient request for, 23
photography for, 20-21, 20f, 23
prehospital, 30, 30f
in scar management, 435-436
soft tissue injury, 108

Dog bites, 15-16, 16f, 19, 20f, 107-108
cheek, 107f
ear, 106f
forehead, 20f
nose, 109f, 354f, 356f
periorbital, 115f
treatment of, 107, 107f, 109f

adhesives in, 115f
Dolan’s lines, 82, 82f-83f
Domestic violence, 16, 17f
Double-density (overlap) sign, 86,  

86f
Dressings, in scar revision, 441

Dura mater tear, 94-95, 197, 197f
closure of, 205-206, 205f

Dynamic adjustable rotational tip 
tensioning, 492, 496f

E
Ear(s), 359-362

amputation of, 360-362, 362f
avulsion injury of, 360-362, 361f
burn injury to, 420-421, 422f
examination of, 54
graft from, 434, 435f
hematoma of, 359, 359f
laceration of, 359-360, 360f
scars of, 434

Ectropion, 338, 498, 499f, 514
burn-related, 419-420
management of, 514-515, 515f

Edema
cerebral, 64
retinal, 185, 185f

Edentulous jaw
mandibular fracture of, 13f, 128-129, 

129f, 267-268
maxillary fracture of, 13f, 250-251, 251b

Education, for injury prevention, 15-16
Electrical cord burn, 16, 16f, 423, 

423f-424f
Electrocardiography, 50
Electromyography, in facial nerve injury, 

518
Embolization, of caroticocavernous fistula, 

235f
Emergency room/department treatment, 

28-58, 29f
consent for, 57
evidence preservation and, 57
hospital preparation for, 30-31, 31f
initial patient assessment for, 31-32
at Level 1 Trauma Center, 28, 29b
mortality and, 31, 31f, 32b
prehospital care and, 29-31
primary patient survey for, 32-51, 32f

adjuncts to, 50-51
advanced airway maneuvers in, 

36-38, 36b
airway in, 32-38, 34f-35f
breathing and ventilation in, 38-44, 

42b-44b
cervical spine in, 32-38, 33b, 33f
circulation in, 44-49, 45b-46b
disability in, 50, 50t
exposure and environmental control 

in, 50
oral cavity in, 35

secondary patient survey for, 51-57
abdomen examination in, 55
adjuncts to, 56-57
cervical spine examination in, 54-55
chest examination in, 55
eye examination in, 52-53, 53f
history in, 51-52
maxillofacial examination in, 53-54, 

54f
musculoskeletal examination in, 56
neck examination in, 54-55
perineal examination in, 55-56
physical examination in, 52-56

Craniofacial fracture (Continued)
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rectal examination in, 55-56
scalp examination in, 52
spinal cord examination in, 56
vaginal examination in, 55-56

team for, 30-31, 31f
triage for, 30

EMLA (eutectic mixture of local 
anesthetics), 110, 110f

Emphysema
orbital, 54, 96-97, 311f
in radiographic interpretation, 87

Encephalocele, 77f
End-tidal carbon dioxide (CO2) detector, 

37
Endoscopy-assisted management, 161, 

563-573
controversies in, 569-572
equipment for, 564
frontal sinus fracture, 161, 563-564

outcomes of, 568-569
technique of, 565

frontal sinus revision, 600, 601f-602f
indications for, 565t
mandibular condyle fracture, 161, 563

outcomes of, 568
repositioning and fixation in, 564-565
technique of, 564-565, 564f-567f
transoral approach to, 564

mandibular fracture, 563-564
outcomes of, 568

midfacial fracture, 563-564
outcomes of, 568-569
technique of, 565

orbital floor fracture, 161, 565-568, 
570f-571f

orbital wall fracture, 565-568, 569f
zygoma fracture, 161, 565-568, 568f

Enophthalmos
computed tomography of, 97, 97f
evaluation of, 163f, 176, 187f-188f, 195, 

453, 453f
fat atrophy and, 502-505
fat herniation and, 502
management of, 176

computer-assisted, 594-597, 596f-598f
in secondary deformity, 499-500, 

499f, 502-505, 503f
orbital volume and, 502-505
prevention of, 176

Entropion, 338
Epistaxis, 227, 354-355, 357f
Esophagus, foreign body in, 91
Esthetic units, 434, 434f

in burn injury, 423-425, 425f
Evoked responses, in panfacial fracture, 

232
Expert witness, 22-23, 26
Extremities, examination of, 56
Eye(s). See also Cornea; Lens

convergence impairment of, 178
displacement of. See Enophthalmos; 

Hypoglobus
examination of, 52-53
forced duction tests of, 166, 166f-167f, 

444, 444f
fusion impairment of, 178-179

injury to, 164, 166, 183-186. See also 
Orbital injury

movement disorders of, 176-179
nystagmus of, 179
panda, 37, 37f
Parinaud’s syndrome of, 179
penetrating injury of, 185-186, 186f
position of, 166, 310-311, 311f-312f
skew deviation of, 179
sports-related injury to, 15, 15f
swinging flashlight test of, 308-309, 309f

Eye protectors, 15
Eyebrow

burn injury of, 420
in forehead laceration, 346, 350f
lift of, in facial nerve injury, 527-528
scars in, 434
supraorbital rim incision at, 151-152, 

152f
Eyelid(s), 304-341. See also Canthal 

ligament; Lacrimal apparatus
anatomy of, 304-307, 305f-306f
assessment of, 307-312

eye movement in, 312
eye position in, 310-311, 311f-312f
gross pathology in, 307-309, 

308f-309f
history in, 307
lacrimal system in, 312, 312f
lid movement in, 310, 310f-311f
lid position in, 309-310, 310f
margin reflex distance in, 309-310, 

310f
photography in, 312

lower, 304-307
anatomy of, 304-307, 305f-306f
bruise of, 182, 182f
burn injury of, 418-420, 421f
drooping of, 336-337, 337f
in facial nerve injury, 529, 529f
in gunshot injury, 390-391
horizontal laxity of, 514-515, 515f
Hughes procedure for, 331-333, 

332f-333f
incision of, 152-153, 153f
injury to, 182, 182f-183f, 346-353, 

350f-352f
laceration of, 182, 183f, 320-322

direct closure of, 320-322, 
321f-322f

late deformity of, 338
lateral cantholysis of, 326, 327f-328f
lymphatic drainage of, 304
management priorities for, 313
postoperative retraction of, 446, 446f
retractors of, 306-307, 307f
scars in, 434
in secondary deformity, 514-515, 515f
skin of, 213
surgical emphysema of, 310, 311f

penetrating injury of, 313
tissue loss with, 324-337, 326f

Cutler-Beard bridge flap in, 
333-334, 334f-335f

full-thickness, 325-326
Hughes procedure in, 331-333, 

332f-333f

lateral cantholysis in, 326, 
327f-328f

McGregor flap in, 330, 330f-331f
nasojugal flap in, 330-331, 

331f-332f
partial-thickness, 325, 326f-327f
tarsal plate graft in, 326-328, 

328f-329f
Tenzel flap in, 329-330, 329f-330f
transposed cheek flap in, 331, 332f

without tissue loss, 324, 325f
upper, 304-307

anatomy of, 304-307, 305f-306f
bruise of, 182, 182f
burn injury of, 418-420, 421f
Cutler-Beard bridge flap for, 333-334,  

334f-335f
in facial nerve injury, 529, 529f
in gunshot injury, 390-391
incision of, 151, 152f
injury to, 182, 182f-183f, 346-353, 

350f
laceration of, 182, 183f, 309f,  

320-322
direct closure of, 320-322, 322f

late deformity of, 338, 338f
lymphatic drainage of, 304
management priorities for, 313
retractors of, 306-307, 307f
scar of, 434, 514
in secondary deformity, 514-515
skin grafting for, 514
skin of, 213
surgical emphysema of, 310, 311f
Z-plasty for, 514

F
Face lift, in facial nerve injury, 528-529, 

529f
Face transplantation, 397-401, 399f

anatomical conditions for, 398-400
full face, 398-401
lateral face, 400
middle face, 398, 399f, 400
psychological aspects of, 546-547
upper face, 398, 400

Facial disfigurement, 535-549. See also 
Scar(s);  Secondary posttraumatic 
facial deformity

adjustment disorders with, 537-538
anxiety with, 537
avoidance reactions with, 536
coping with, 536, 537b, 541-542, 541b, 

545-546, 546b
depression with, 537
positive adjustment to, 536, 537b
posttraumatic stress disorder with, 

538-539, 538b
psychological impact of, 537-542
psychosocial consequences of, 535-537
psychosocial management of, 543

coping strategies in, 536, 537b, 
541-542, 541b, 545-546, 546b

information sources in, 543
mirror in, 545-546
patient advocacy in, 543
PLISSIT model of, 544-545, 544b

Emergency room/department treatment 
(Continued)
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stepped-care approach to, 543-545, 
545t

support sources in, 543
quality of life research on, 540-541
risk factors for, 539-540, 545
sensitivity to, 536
untreated fracture and, 20f

Facial nerve, 516, 517f, 520f
in coronal surgical access, 149, 150f

Facial nerve injury, 186, 362-363, 402-414, 
516-534

causes of, 516-517, 518b
classification of, 518
electromyography in, 518
epidemiology of, 402
evaluation of, 362-363, 365f-366f, 

404-405, 432, 432f, 517-518, 519b
in orbital injury, 166
surgical management of, 362-363, 

402-404, 403f, 518-529, 519b,  
533b

brow lift in, 527-528
cable grafting in, 407, 409f
care after, 412-413, 529
controversies in, 530-533
cross-face grafts in, 521-522
eyelid correction in, 529, 529f
face-lift in, 528-529, 529f
faciofacial crossover in, 409-412,  

411f
free vascularized muscle graft in, 

524-526, 527f, 531t
gracilis muscle graft in, 524-526, 530, 

530f-531f
hypoglossal-facial anastomosis in, 

409, 410f, 521, 523f
indications for, 362, 362f
interfascicular anastomoses in, 412
masseter muscle transfer in, 530-533, 

533f
masticatory muscle transposition in, 

522-524, 524f-525f
microsurgical techniques in, 519-526, 

520f
nasolabial fold creation in, 526-527, 

528f
nerve conduits in, 412
nerve crossovers in, 407-412, 

410f-411f
nerve graft in, 362-363, 364f-366f, 

521, 522f-523f, 523t
nerve suturing in, 362, 363f, 405-407, 

405f-406f, 408f, 520, 521f
outcomes of, 413, 529-530, 530f-531f
static procedures in, 530, 532f
synkinetic movements and, 412
temporalis muscle transposition in, 

533
timing of, 404-405

Factual witness, 25-26
Falls, 4t, 12-13

bimodal age distribution of, 12
mechanisms of, 12-13
protective reflexes in, 13

Fat injection, in scar revision, 441
Fibular flap, in gunshot injury, 372, 373f, 

378f-384f, 387f-388f

Financial costs, of trauma, 28
Flail chest, 43
Flaps

in eyelid injury. See at Eyelid(s), 
penetrating injury of

in gunshot injury. See at Gunshot injury
in lateral canthus repair, 322-323, 323f
in medial canthus repair, 335-336, 

335f-337f
in scalp repair, 343-345, 345f
in scar revision, 441

Fluid level, in radiographic interpretation, 
85f, 87, 95f-96f

Fluid therapy, 45-46, 48
colloid, 48
crystalloid, 48
hypertonic saline, 48
overresuscitation with, 48
patient response to, 48
synthetic fluid, 48

Fluosol-DA20, 48
Forced duction tests, 444, 444f

in orbital injury, 166, 166f-167f
Forehead

repair of, 346, 349f-350f
scar of, 434, 499f

tissue expander for, 439, 440f
W-plasty for, 438, 438f

Forehead flap, in gunshot injury, 376, 377f, 
384

Foreign body, 430. See also Gunshot injury
corneal, 182-183
esophageal, 91
imaging of, 89-92
irrigation for, 431
lip, 91f, 290f
navigation system localization of, 585, 

587f
orbital, 90f, 91-92
wooden, 90-92, 90f

Fracture
craniofacial. See Craniofacial fracture
frontal sinus. See Frontal sinus fracture
greenstick, 84, 87f
hairline, 84
healing of, 124-125, 125f
nasal. See Nasal fracture
nasoethmoid. See Nasoethmoid fracture
orbital. See Orbital fracture
pathological, 92, 92f
reduction and fixation of, 117-131

access for, 117, 118f, 120f
AO system in, 125, 127
in atrophic edentulous mandible, 

128-129, 129f
biodegradable materials in, 130
callus formation and, 124, 125f
in children, 128-129
closed, 121-122, 122f

advantages of, 121-122
disadvantages of, 121
vs. open, 120-121

coexisting medical problems and, 
119, 119f

in condylar neck fracture, 129-130
external fixators in, 127-128
fixation techniques in, 123-128
functional problems and, 117

goals of, 117
intermaxillary fixation in, 120-121, 127
locking screws in, 128
miniplates in, 126-127
open vs. closed, 120-121
outcomes of, 128

problems with, 117-119, 119f
plate removal after, 123, 130
radiography for, 119, 119f-120f
suboptimal outcomes of, 118-119
timing of, 117, 118f-119f, 122-123

untreated, 124
zygoma. See Zygoma fracture

Frankfurter, line of, 100
Frontal bone injury, 72f, 93, 94f, 105f-106f. 

See also Craniofacial fracture; Frontal 
sinus fracture

Frontal sinus, 202, 202f
computer-assisted reconstruction of, 

600, 601f-602f
cranialization of, 244, 244f
drainage of, 202
infection of, 202-203
injury to, 202-206. See also Frontal sinus 

fracture
mucopyocele of, 94, 95f
obliteration of, 206
osteoneogenesis of, 206
radiographic opacification of, 87
stenting of, 206

Frontal sinus fracture, 93-94, 202-206, 
237-238, 237f-238f

anterior wall, 94f, 203, 204f, 207b, 
567-568

classification of, 203, 203b
computed tomography in, 94f-95f, 

195-196, 204f
drainage in, 206
floor, 206, 207b
posterior wall, 193f, 203-206, 204f-205f, 

238, 238f
secondary deformity after, 450-451

assessment of, 450
surgical management of, 451, 451f

planning for, 450-451
surgical management of, 203, 243-244

anterior wall, 94f, 203, 204f, 207b, 
567-568

floor, 206, 207b
minimally invasive, 161, 563-565, 

568-569
outcomes of, 207
posterior wall, 203-206, 204f-205f, 

207b
prophylactic antibiotics in, 207

Frontoethmoidal fracture, 193, 193f. See 
also Craniofacial fracture; 
Nasoethmoid fracture

Frontonasal duct
fracture of, 209. See also Nasoethmoid 

fracture
stenting of, 206, 244

Frontonasal suture, in radiographic 
interpretation, 85

Frontozygomatic suture, in radiographic 
interpretation, 84-85

Fundoscopy, 53

Facial disfigurement (Continued) Fracture (Continued)
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G
Glabellar flap, 335-336, 335f-337f
Glabellomeatal line, 100
Glasgow Coma Scale, 50, 50t, 60

in craniofacial fracture, 194
motor component of, 60, 60t
ocular component of, 60, 60t
verbal component of, 60, 60t

Glasgow Outcome Scale, 60-61, 61t
Globe. See also Cornea;  Eye(s)

examination of, 53
injury to, 166, 183, 186. See also Orbital 

injury
Gold implant, 139, 140f
Gore-Tex, 135f, 556-557

in secondary orbital deformity, 506
in secondary rhinoplasty, 487, 491f

Gracilis muscle graft, in facial nerve 
injury, 524-526, 527f, 530, 530f-531f

Gunshot injury, 11-12, 368-401
classification of, 369-370, 371f
pathophysiology of, 368-369, 369f-370f
surgical management of, 112f, 249-250, 

370-372
antibiotics in, 371
computer-assisted reconstruction in, 

600-602, 603f
controversies in, 394-395
eyelid repositioning in, 390-391
fibular flap in, 372, 373f, 378f-384f, 

387f-388f
forehead flap in, 376, 377f, 384
initial treatment in, 372
lateral face, 371f, 391-392, 393f-397f
latissimus flap in, 375, 375f, 381-384, 

385f
lower face, 112f, 371f, 376-378, 

377f-379f
mandible, 371f, 376-378, 377f
midface, 112f, 371f, 379-391, 

379f-392f
nasal reconstruction in, 384, 

387f-390f, 388
navigation system in, 585, 587f
orbital reconstruction in, 388-391, 

391f-392f
planning for, 372
prosthetic reconstruction in, 392-394
radial forearm flap in, 373-374, 374f
rectus flap in, 375, 376f
resuscitation in, 371
scapular flap in, 373, 374f
serratus flap in, 375-376, 376f
vascular injury in, 372

H
Hair, in soft-tissue injury, 110
Hard tissue replacement, 138, 138f
Head injury, 59-70

acute subdural hematoma with, 63, 64f, 
67

biomechanics of, 61-65
brain herniation with, 64-65
brain swelling with, 64
burst lobe with, 64
cerebral blood flow in, 61
cerebral contusion with, 62

cerebral infection with, 65
cerebral perfusion pressure in, 61, 67-68
chronic subdural hematoma with, 63-64
computed tomography in, 66b, 78-79, 

79b
contact brain injury with, 62
death after, 59
diffuse axonal injury with, 62
epidemiology of, 59
extracranial complications of, 65, 68
extradural hematoma with, 63, 63f, 66, 

66f
Glasgow Coma Scale in, 60, 60t
Glasgow Outcome Scale in, 60-61, 61t
hematoma formation with, 63-64
inertial brain injury with, 62
intracerebral hematoma with, 64
intracranial hematoma in, 66
intracranial pressure in, 61

management of, 67-68
intraventricular hemorrhage with, 64
management of, 65

cervical spine examination in, 66
computed tomography in, 65-66, 66b, 

79b
guidelines for, 65-68
initial, 65-67
neurosurgical referral in, 66

minor, 69, 69b
penetrating brain injury with, 63, 67
physiology of, 61
postconcussion syndrome with, 69,  

69b
prevention of, 59
primary brain injury in, 61-63, 62t
secondary brain injury in, 62t, 63-65
seizures after, 68-69

early, 68
late, 68
management of, 68-69
prevention of, 69

severity of, 60-61, 60t
skull fracture with, 62-63, 62f, 67
subarachnoid hemorrhage with, 64

Helmets, 9-10, 10f
Hematoma. See also Hemorrhage

auricular, 359, 359f
extradural, 63, 63f, 66, 66f
intracerebral, 64
orbital, 307-308, 308f, 311f
scrotal, 51f
septal, 53-54, 223, 227, 354-355, 481
subdural

acute, 63, 64f, 67
chronic, 63-64

surgical evacuation of, 66
HemCom Bandage, 45
Hemorrhage, 46-47

anterior chamber, 183, 183f
class I, 46
class II, 46
class III, 46
class IV, 46-47
conjunctival, 53, 53f
external, 47
intraventricular, 64
management of, 47

nasal, 354-355, 357f
occult, 47-48
in panfacial fracture, 231
preseptal, 307-308
retrobulbar, 75, 179

computed tomography in, 96, 96f
vs. optic nerve injury, 181
signs of, 96

subarachnoid, 64
subconjunctival, 53, 53f, 194-195, 

307-308, 309f
subperiosteal, 96
vitreal, 185-186, 186f

Hemothorax, 43
Hertel exophthalmometer, 310-311, 311f
Hess test, 174, 174f, 499, 499f
Hounsfield unit, 73
Hughes procedure, 331-333, 332f-333f
Hydroxyapatite, 139-140, 553-555

ceramic, 140, 141f, 554-555, 554f
nonceramic, 140, 141f, 555

Hypertelorism, 195
Hyperventilation, in intracranial pressure 

management, 68
Hyphema, 183, 183f
Hypoglobus, 163f, 174, 174f, 176f, 

187f-188f
Hypoglossal-facial anastomosis, in facial 

nerve injury, 409, 410f, 521,  
523f

Hypothermia, in shock, 45

I
Immunization, tetanus, 104, 289, 432
Incision, 6. See also Surgical access
Infection

biomaterial, 142-143, 553, 554f, 561
frontal sinus, 202-203
head injury and, 65
in mandibular fracture, 265
meningeal, 65, 197, 207
in nasal fracture, 227
wound healing and, 430

Inflammation, in wound healing, 429
Informed consent, 57
Infraorbital nerve, in orbitotomy, 169f
Internasal suture, in radiographic 

interpretation, 85
Intimacy, disfigurement and, 535
Intracranial pressure, 61

management of, 67-68
measurement of, 61
normal, 61

Intubation, 36-38
indications for, 36
nasotracheal, 37
orotracheal, 36-37
submental, 236-237, 237f

Iridodialysis, 184, 184f
Iris, injury to, 183-184, 184f
Iritis, traumatic, 183-184
Irrigation, in wound treatment, 431
Isotretinoin, in scar revision, 441

J
Jaw thrust, 33-34, 34f
Jones’ muscle, 214

Head injury (Continued) Hemorrhage (Continued)
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K
Keloid, 434

radiation therapy for, 441
Kinetic energy, 3
Knife injury, 114f, 234f, 353, 353f
Kussmaul’s sign, 44

L
Laceration, 5-6, 106-107, 106f, 108f, 430

cheek, 337, 359
ear, 107f
eyelid, 182, 183f. See also Eyelid(s), 

penetrating injury of
floor of mouth, 359
for fracture access, 118f
lacrimal apparatus, 182, 183f. See also 

Lacrimal canaliculus, laceration of
levator apparatus, 323-324, 324f
lip, 359
nasal, 353, 353f
rollerblade accident–related, 11, 11f
scars after, 20f
skateboard accident–related, 11, 11f
stellate, 106, 106f
tangential, 107, 107f
tongue, 359

Lacrimal apparatus, 213, 307, 308f. See 
also Lacrimal canaliculus; Lacrimal 
duct

anatomy of, 170, 170f
examination of, 312, 312f
laceration of, 182, 183f
late deformity of, 339-340
management of, 312f, 313-319, 347-349, 

352f
in nasoethmoid fracture, 209, 212, 218
in orbital injury, 170, 170f
in secondary orbital deformity, 513
syringing of, 312, 312f

Lacrimal canaliculus, 213, 218
dacryocystography of, 93
laceration of, 313-319

within 8 mm of punctum, 313-314, 
314f

bicanalicular tubes in, 314, 314f
marsupialization in, 315, 315f-316f
monocanalicular stent in, 313, 314f
more than 8 mm from punctum, 

314-315, 315f-316f
suture repair of, 314, 315f

late deformity of, 339-340
marsupialization of, 315, 315f-316f

Lacrimal caruncle, 213
Lacrimal duct, 213

fracture of, 90f, 93
injury to, 318-319
repair of, 347-349, 352f

Lacrimal papillae, 213
Lacrimal sac, 213

injury to, 218, 315-318
dacryocystorhinostomy in, 316-318, 

316f-317f
Lester Jones bypass tube in, 318, 

318f-319f
Lacus lacrimalis, 213
Lap belts, 7-8
Laryngeal mask airway, 34

Laryngeal tube airway, 34
Larynx, fracture of, 35-36
Laser therapy, in scar revision, 438-439
Latissimus flap, in gunshot injury, 375, 

375f, 381-384, 385f, 396f-397f
Le Fort fracture. See Maxillary fracture
Legal considerations. See Medicolegal 

considerations
Lens, injury to, 184
Lester Jones bypass tube, 318, 318f-319f
Lethal triad, 44-45, 45b
Levator apparatus, 305f, 306-307, 307f

laceration of, 323-324, 324f
local anesthesia for, 313

Line of Frankfurter, 100
Lip(s)

avulsion of, 355-358, 357f-358f
burn injury to, 421-423, 423f
laceration of, 11f, 359
repair of, 355-358, 357f-358f
replantation of, 358, 358f
scars of, 434
tooth in, 91f, 290f

Litigation process, 21, 25. See also 
Medicolegal considerations

Lucency, in image interpretation, 85, 85f

M
Magnetic resonance imaging, 75-76, 77f

in cervical spine injury, 80
in CSF leak, 95, 96f
in encephalocele, 77f
in facial nerve injury, 404
in head injury, 78
in mandibular fracture, 256
in orbital foreign body, 92
in orbital injury, 174
in secondary deformity, 454, 500
in vision loss, 81

Major incident, 30
Malar bone

fracture of, 86f, 90f
in secondary deformity, 453, 454f

Malar osteotomy, 170-171, 171f
Malocclusion, 13

in condylar fracture, 271, 271f, 284-285
in mandibular fracture, 254-255, 254f
in radiographic interpretation, 88-89
secondary, 459-462

dental study model in, 444
evaluation of, 459
mandibular osteotomy for, 460-461, 

463f-464f
maxillary osteotomy for, 460, 465f
multidisciplinary treatment of, 

459-460
Malpractice, 23
Mandible

distraction of, 471-472, 471f-473f
angle, 471-472, 472f
bone transportation technique of, 475
ramus, 471-472
symphysis, 472-473, 472f-473f

fracture of. See Mandibular condyle 
fracture; Mandibular fracture

hypomobility of, condylar fracture and, 
285

osteotomy of, 460-461

Mandibular condyle fracture, 239, 240f, 
243f, 270-287

in adolescent, 284
asymmetry with, 285
bilateral, 271-272, 272f, 275-276, 276f
buckle, 84, 86
in children, 283-284
classification of, 129, 270, 271f
clinical features of, 271-272, 271f-272f
closed treatment of, 121-122, 272-273

definition of, 272
rehabilitation with, 272-273
results of, 273-274

complications of, 284-285
compound, 284
diacapitular (head), 130, 270, 271f
dysfunction after, 285
endoscopy in, 161
epidemiology of, 270
greenstick, 86, 87f
malocclusion with, 284-285
mandibular hypomobility with, 285
neck, 129-130, 271f

closed treatment of, 121-122, 122f
open reduction and internal fixation 

of, 121-122, 129-130
nonsurgical management of, 272
open vs. closed treatment of, 121-122, 

122f
radiography in, 78f, 271f, 272
secondary occlusal deformity after, 

461-462, 462f
bilateral, 462, 462f

surgical management of, 462, 465f
unilateral, 461-462

surgical management of, 462, 
463f-464f

surgical management of, 270, 276-284, 
286

bioresorbable materials in, 283
in children, 283-284
complications of, 284-285
dynamic compression plating in, 281
Eckelt screw in, 282, 282f
endoscopic approach to, 280
fixation techniques for, 281-283, 281f
goals of, 272-276
iatrogenic injury with, 285
indications for, 272
lag screw osteosynthesis in, 282, 282f
minimally invasive, 161, 563

outcomes of, 568-570
repositioning and fixation in, 

564-565
technique of, 564-565, 564f-567f, 

569-570, 572f
transoral approach to, 564

miniplate osteosynthesis in, 281, 281f
modified Blair approach to, 278
outcomes of, 274-276, 285
in panfacial injury, 276
pin fixation in, 282-283
preauricular approach to, 277f, 

278-279, 279f
reduction techniques for, 280-281, 

280f
results of, 274-276, 276f
retroauricular approach to, 280
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retromandibular approach to, 
277-278, 277f-278f

rhytidectomy approach to, 279
submandibular (Risdon) approach to, 

276-277, 277f
transoral approach to, 279, 279f

temporomandibular joint and, 270
Mandibular fracture, 252-269. See also 

Mandibular condyle fracture
alveolar artery transection with, 81
anatomy of, 239, 240f
assessment of, 253-254, 254f
classification of, 256, 256f
clinical features of, 254-255, 254f, 255b
closed management of, 257-259, 258f
comminuted, 266-267
computed tomography of, 255-256
coronoid, 266
in edentulous mandible, 13f, 128-129, 

129f, 267-268
epidemiology of, 253
historical perspective on, 252-253, 253f
malunion of, 264
nonunion of, 264
pathological, 266
radiography in, 78f, 84f-86f, 255-256, 

255f
secondary occlusal deformity after, 

460-461
fibrous union and, 460
nonunion and, 460
treatment of, 461, 461f

surgical management of, 256
antibiotics with, 263
bridle wire in, 257, 257f
vs. closed management, 257-258, 257f
complications of, 264-265
diet after, 264
elastics after, 263-264
external fixation in, 262-263, 263f
follow-up after, 263-264
imaging after, 263
infection after, 265
intermaxillary fixation in, 258-259, 

258f
lag screw in, 261, 262f
locking plates for, 260-261, 260f
long-term follow-up after, 264
malunion after, 264
minimally invasive, 563-565, 568
nerve injury with, 265
nonunion after, 264
open reduction and internal fixation 

in, 259-262, 259f-260f, 262f
oral hygiene after, 263
plates for, 259-262, 260f, 262f, 264
principles of, 256
rehabilitation after, 264
teeth in, 265-266
timing of, 258

symphyseal, 239, 240f, 243f, 257, 257f, 
261-262

Mandibular vestibular incision, 155, 156f
Margin reflex distance, 309-310, 310f
Mass casualties, 30
Masseter muscle transfer, in facial nerve 

injury, 530-533, 533f

Masticatory muscle transposition, in facial 
nerve injury, 522-524, 524f-525f

Maxilla, osteotomy of, 460
Maxillary arc, distraction of, 475-476, 

475f-476f
Maxillary fracture, 228-251. See also 

Panfacial fracture
anatomy of, 238-239, 239f
assessment of, 230-233, 232f-235f
classification of, 228-230, 229f
computed tomography in, 230f, 231, 

232f-233f
in edentulous maxilla, 13f, 250-251, 

251b
frontal process, 84f
imaging in, 231-232
Le Fort I, 73f, 83-84, 84f, 228, 229f, 

241f-242f
Le Fort II, 83-84, 84f, 228, 229f
Le Fort III, 83-84, 84f, 228, 229f
surgical management of, 233-249

access in, 237
airway in, 236-237, 237f
anatomy for, 237-239, 239b, 239f
asymmetry after, 230
minimally invasive, 563-565,  

568-571
outcomes of, 230, 230f
principles of, 233-235, 235b
sequence of, 239-243, 241f-243f
soft tissues in, 247-249, 248f
timing of, 235-236

Maxillary line, 82, 82f
Maxillary vestibular incision, 154-155, 

155f
McGregor flap, 330, 330f-331f
Medical malpractice, 23
Medical negligence, 23-24
Medical records, for litigation process, 21
Medicolegal considerations, 19-27

in civil case, 24
in criminal case, 24
discovery depositions and, 21
documentation and, 19-21, 20f, 23-24, 

57
in England, 24
expert witness and, 22-23, 26
factual witness and, 25-26
injury descriptions and, 5-6
litigation process and, 21, 25
malpractice and, 23
tort law and, 19
trial-related, 19

demonstrative aids for, 22, 22f
depositions for, 21-23
in England, 24
expert witness for, 22-23, 26
independent medical examination 

for, 22-23
medical records for, 21

Meningitis, 65, 197, 207
Metabolic acidosis, 44-45, 45b
Metals, 138-139, 139f-140f, 557f, 560-561, 

560f
Midface distraction, 476-477

Le Fort I level, 476, 477f
Le Fort II level, 476-477, 478f
Le Fort III level, 476-477, 478f

Midface fracture. See Maxillary fracture; 
Nasal fracture; Nasoethmoid fracture; 
Orbital fracture; Panfacial fracture

Mini-Monoka stent, 313, 314f
Minimally invasive surgery. See 

Endoscopy-assisted management
Mirror-image software, in secondary 

orbital deformity, 501, 502f-504f
Monro-Kellie principle, 61
Moped-related injury, 10f
Mortality, 28, 31, 31f, 32b
Motor vehicle accidents, 4t, 6-9

air bags and, 8-9, 8f-9f
seat belts and, 7-8, 7f-8f

Motorcycle accidents, 9
helmets and, 9, 10f

Mountain bike–related accidents, 10, 11f
Mouth

burn injury to, 421-423, 423f
electrical cord burn of, 16, 16f, 423, 

423f-424f
examination of, 54

in craniofacial fracture, 194
in orbital injury, 166

floor of, laceration of, 359
Mouthguards, 12-15, 14f
Müller’s muscle, 306-307
Multilumen esophageal airway, 34
Multiple casualties, 30
Muscle examination, 56
Muscle graft, in facial nerve injury, 

524-526
Mydriasis, 195

N
Nasal fracture, 222-227. See also 

Nasoethmoid fracture
assessment of, 222-223, 224f
in children, 226-227, 226f-227f
classification of, 222, 223f
hematoma with, 223, 227
infection with, 227
management of, 223-227

closed reduction in, 224-225, 
224f-225f

complications of, 227
epistaxis with, 227
hematoma after, 227
infection after, 227
open reduction in, 225-227, 225f- 

227f
outcomes of, 227
revision surgery in, 227
synechiae after, 227

secondary deformity after. See Nose, 
secondary deformity of; 
Rhinoplasty, secondary

septal component of, 222, 223f
Nasal tip, inferior rotation of, 492, 495f
Nasoethmoid fracture, 209-221

bony fragments in, 209, 210f-211f
canthal ligament examination in, 209, 

210f-211f
classification of, 209, 216, 216f
computed tomography in, 212, 212f
cribriform plate in, 211, 211f
evaluation of, 209-212
intercanthal distance in, 211

Mandibular condyle fracture (Continued)
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lacrimal apparatus in, 209, 212
nasal bridge displacement in, 209, 210f
nasal tip in, 209, 210f
ophthalmic examination in, 211-212
pediatric, 219-220, 220f
radiology in, 212
secondary deformity and, 456-459, 458f, 

512-513, 512f
surgical management of, 216-219

anatomy for, 212-216
bone grafting in, 217-218, 218f
bony anatomy for, 212
exposure for, 217
eyelid anatomy for, 213, 213f
lacrimal anatomy for, 213
lacrimal system in, 218
medial canthal ligament in, 213-216, 

214f, 218-219, 218f-219f
open vs. closed reduction in, 220-221
outcomes of, 220
reduction and stabilization in, 217, 

217f
sequencing of, 217
soft tissues in, 218-219
timing of, 212, 220

swelling with, 209, 210f
type I, 216, 216f
type II, 216, 216f
type III, 216, 216f
type IV, 216, 216f
type V, 216, 216f

Nasojugal flap, 330-331, 331f-332f
Nasolabial fold creation, in facial nerve 

injury, 526-527, 528f
Nasomaxillary suture, in radiographic 

interpretation, 85
Nasopharyngeal airway, 34
Nasotracheal intubation, 37
Navigation systems, 582-586, 583f

accuracy of, 583-584
clinical applications of, 585
clinical evaluation of, 585
electromagnetic, 583
errors with, 584
for foreign body localization, 585,  

587f
mechanical, 583
optical, 584, 584f
for orientation, 585, 586f
registration for, 584-585, 584f
resolution of, 584
ultrasound-based, 583-584

Neck
burn injury to, 423, 424f
examination of, 54-55

Needle cricothyroidotomy, 37-38, 39b, 39f
Negligence, 19, 23-24
Nerve graft, 521, 522f-523f, 523t

cross-face, 521-522
hypoglossal-facial nerve, 409, 410f, 521, 

523f
Nerve injury. See also Facial nerve injury; 

Optic nerve injury
classification of, 402, 404
in mandibular fracture, 265

Nerve suture, in facial nerve injury, 520, 
521f

Neurapraxia, 404. See also Facial nerve 
injury

Neurological examination, 56
Neuroprotective agents, in intracranial 

pressure management, 68
Neurotmesis, 404
Neurovascular channels, in image 

interpretation, 85
Nonverbal communication, disfigurement 

and, 535-536
Nose, 353-355

abrasion of, 353
amputation injury of, 354, 356f
anatomy of, 212
avulsion injury of, 353, 354f-356f
burn injury to, 420, 421f
examination of, 53-54
fracture of. See Nasal fracture
gunshot injury to, 384, 387f-390f, 388
hematoma of, 354-355
hemorrhage of, 354-355
laceration of, 353, 353f
scars of, 434
secondary deformity of, 480-497, 482f

asymmetry in, 480
columellar retraction, 485
dorsal depression in, 480-481, 481f
internal examination in, 481-482
nasal deviation, 483-485
radiography in, 483, 484f
rhinoplasty for. See Rhinoplasty, 

secondary
saddle nose, 483
scar in, 481
short nose, 483

segment replantation in, 354, 356f
surgical access to, 159-160

endonasal, 159-160, 160f
open, 160, 160f-161f

O
Oculomotor nerve injury, 176, 177f, 178, 

195
Older adults

assessment of, 32
edentulous mandible fracture in, 

128-129, 129f, 267-268
edentulous maxillary fracture in, 

250-251, 251b
volume loss in, 46

Onlay grafting, in secondary deformity, 
447-448, 456, 457f

Ophthalmologic examination, 53
Optic atrophy, traumatic, 171, 172f
Optic nerve, 165f

decompression of, 597-600, 600f-601f
Optic nerve head, swelling of, 186
Optic nerve injury, 164, 171, 179-182

anatomy of, 165f
computer-assisted decompression in, 

597-600, 600f-601f
in craniofacial reconstruction, 182,  

182f
imaging in, 81
testing for, 179, 180f-181f
treatment of, 180-182
whiplash-related, 179, 181f

Orbicularis oculi muscle, 304, 306f

Orbit. See also Orbital deformity; Orbital 
fracture; Orbital injury

anatomy of, 166-172, 167f
apex of, 171
compartment syndrome of, 53, 96-97

acute, 96-97, 96f
chronic, 97

floor of, 168
foreign body in, 90f, 91-92
in gunshot injury, 388-391, 391f-392f
lateral wall of, 170-171
medial wall of, 169-170, 169f
roof of, 171

Orbital air, 72f, 74f, 87-88, 96-97, 96f
Orbital deformity, secondary, 452-456, 

498-515
assessment of, 453-454, 453f-455f, 

498-499, 499f
clinical examination in, 499-500, 499f
computed tomography in, 500-502, 500f
computer-assisted reconstruction in, 

593-594, 594f-595f
enophthalmos, 499-500, 499f. See also 

Enophthalmos
eyelid, 338, 338f
imaging in, 500-502, 500f-501f
internal orbital injury and, 506-507
lacrimal apparatus, 339-340, 513
large internal orbital defect and, 

506-507, 508f-509f
magnetic resonance imaging in, 500
medial canthus, 338-339, 513
mirror-image software planning for, 

501, 502f-504f
nasoethmoid fracture and, 512-513, 

512f
orbital dissection in, 507-508, 509f
patient history in, 499-500
reconstructive materials for, 505-506, 

508-510, 509f-510f
small internal orbital defect and, 506, 

507f
soft tissues in, 513-515
surgical management of, 454-456, 

506-513
bone graft vs. alloplastic materials in, 

508-510, 509f-510f
computer-assisted planning for, 

500-501, 501f
enophthalmos and, 502-505, 503f
eyelids in, 514-515, 515f
internal orbit, 506-507, 507f-509f
lacrimal system in, 513
medial canthus in, 513
mirror-image software for, 501, 

502f-503f
nasoethmoid area, 512-513, 512f
orbital dissection in, 507-508, 509f
orbital frame injury, 510-512, 511f
PEEK implants for, 501, 504f
reconstruction materials for, 502-505
soft tissues in, 513-515
stereotactic imaging systems for, 

501-502, 505f
zygomatic fracture and, 510-512, 511f

Orbital fracture. See also Orbital injury
blow-in, 171, 178

imaging of, 99, 100f, 171f

Nasoethmoid fracture (Continued)
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blowout, 177-178
computed tomography in, 74f, 

96f-99f, 98-99
floor, 74f, 98f-99f, 177-178, 177f
imaging of, 98-99
magnetic resonance imaging in, 98f
medial wall, 74f, 97f, 178
radiography in, 72f, 98f, 99
sports-related, 15, 15f

computer-assisted reconstruction in, 
605-608, 606f-608f

enophthalmos with. See Enophthalmos
floor, 168, 173f, 177f

computed tomography in, 74f, 95f, 
167f, 173f, 502f

minimally invasive management of, 
161, 565-568, 570f-571f

radiography in, 72f
minimally invasive management of, 

563-569, 570f-571f, 571
prevention of, 15
rim, 90f, 168
roof, 93-94, 94f, 193, 193f

secondary deformity after, 451-452
assessment of, 451-452, 452f
surgical management of, 452

secondary deformity. See Orbital 
deformity, secondary

superior orbital fissure syndrome with, 
194-195

wall, 95f, 178
minimally invasive management of, 

565-568, 569f
Orbital hematoma, 307-308, 308f, 311f
Orbital injury, 162-191. See also Orbital 

fracture
acute life support in, 162-163, 164f
anterior chamber injury with, 183-184, 

183f
arteriovenous anastomosis after, 186
assessment of, 165-166, 166f-167f, 

172-175, 187f-188f, 191t
computed tomography in, 173-174, 

173f
cover test in, 174f
diplopia test in, 174, 175f
Hess test in, 174, 174f
magnetic resonance imaging in, 174
orthoptic tests in, 174, 174f-175f
radiography in, 172. See also 

Radiography
stereotactic vision test in, 175f
visual field testing in, 175f

associated injuries with, 162, 164f
blindness with, 164
caroticocavernous sinus fistula after, 186
choroidal tears with, 185, 185f
ciliary body injury with, 184
conjunctival injury with, 183
corneal abrasion with, 182
corneal foreign body with, 182-183
corneal injury with, 183
cranial nerve injury with, 176, 177f, 

178, 194-195
diplopia with, 176-177, 177f
etiology of, 162
eye injury with, 164, 183-186

eye movement disorders with, 176-179, 
176f

eyelid injury with, 182, 182f-183f
facial nerve injury in, 166, 186
iris injury with, 183-184, 184f
lens injury with, 184
nasolacrimal laceration with, 182, 183f
optic atrophy with, 171, 172f
optic nerve injury with, 164, 165f, 

179-182
testing for, 179, 180f-181f
treatment of, 180-182

papilledema after, 186
perforating, 185-186, 186f
retinal angiopathy after, 186, 186f
retinal edema with, 164
retinal injury with, 184-185, 184f-185f
retrobulbar hemorrhage with, 179
scleral injury with, 185
sequelae of, 162, 163f, 186, 186f
surgical management of, 164

access for, 162, 163f-164f
anatomy for, 166-172, 167f
apex anatomy and, 171
computer-assisted, 605-608, 606f-608f
CT navigation in, 171
enophthalmos prevention and, 176
imaging for, 164-165
implant for, 605-608, 606f-608f
lateral wall and, 170-171, 171f
malar osteotomy in, 170-171, 171f
medial wall and, 169-170, 169f
minimally invasive, 563-569, 

569f-571f
nasolacrimal anatomy and, 170, 170f
orbitotomy in, 168, 168f-169f
retrobulbar hemorrhage and, 170, 

170f
roof anatomy and, 171
team for, 165
timing of, 175-176

trochlear injury with, 178
visual acuity assessment in, 164

Orbital line, 82, 82f
Orbitomeatal line, in radiography, 100
Orbitotomy, 168, 168f-169f
Orbitozygomatic region deformity, 

452-456
assessment of, 453-454, 453f-454f
computed tomography in, 454, 455f
dental cast study in, 454
magnetic resonance imaging in, 454
radiography in, 454
sinus endoscopy in, 454
surgical management of, 454-456, 457f

Oropharyngeal airway, 34
Orotracheal intubation, 36-37
Osteoneogenesis, frontal sinus, 206
Osteoradionecrosis, 266
Osteotomy

in bone distraction, 470, 471f-472f.  
See also Bone distraction

in secondary posttraumatic deformity, 
447, 451f, 460-462, 463f-465f

in secondary rhinoplasty, 488-491, 
491f-492f

Overlap sign, 86, 86f

P
Pain, management of, 56-57
Palate

injury to, 358-359
splitting of, 84f

Palatoglossal gap, in image interpretation, 
85

Palpebral fissure, 213
Panda eyes, 37, 37f
Panfacial fracture, 228-251. See also 

specific fractures
assessment of, 230-233
classification of, 228-230, 229f
computer-assisted reconstruction in, 

593-594, 594f-595f
evoked responses in, 232
hemorrhage with, 231
imaging in, 231-232, 234f, 246f
patient history in, 231
surgical management of, 233-249

access for, 236-237, 236f
airway in, 236-237, 237f
asymmetry after, 230
computer-assisted, 593-594, 594f-595f
dento-alveolar segment fracture in, 

240
glabellar region in, 247
in gunshot injury, 249-250
lateral canthus in, 248, 249f
lower facial unit in, 239-243, 

241f-242f
mandibular fracture in, 240-242, 243f
medial canthal ligament in, 246, 247f
midface unit in, 241f-242f, 245-247, 

245f-247f, 247b
in older adult, 250-251
orbital wall reconstruction in, 246
outcomes of, 230, 230f
palatal fracture in, 240, 242f
principles of, 233-235
sequence in, 239-243
soft tissues in, 236, 247-249, 

248f-249f
timing of, 235-236
upper facial unit in, 239-240, 

241f-242f, 243-244, 244f-245f. 
See also Craniofacial fracture

swelling with, 236
Papilledema, 186
Paranasal sinuses, in radiographic 

interpretation, 83, 87
Parinaud’s syndrome, 179
Parotid gland

evaluation of, 93f, 518
injury to, 92-93, 93f, 363-367, 367f

Patient history, 51-52
Pedestrian injury, 10
Penetrating trauma, 52, 431. See also 

Eyelid(s), penetrating injury of; 
Gunshot injury

brain, 63, 67
eye, 185-186, 186f

Pericardiocentesis, 44, 44b
Perineum, examination of, 55-56
Periodontal ligament

injury to, 295-299, 295t
concussion, 296
extrusive luxation, 296

Orbital fracture (Continued) Orbital injury (Continued)
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intrusive luxation, 297, 297f
lateral luxation, 296-297, 296f
pulpal necrosis with, 298
splinting in, 300
subluxation, 296

widening of, in radiographic 
interpretation, 87

Petrous bone fracture, 73f
Photography, 20-21, 20f

in eyelid injury, 312
in road traffic accident, 30
in scar management, 436

Physical attractiveness, 535. See also Facial 
disfigurement

Picture Archiving and Communications 
Systems (PACS), 73, 81-82

Pinna, graft from, 434, 435f
Plagiocephaly, 580, 581f-582f
Platelet-rich plasma, in scar revision, 439
Plica semilunaris, 213
PLISSIT model, 544-545, 544b, 545t
Pneumo-orbitism, 96-97, 96f
Pneumocephalus, 85f, 88, 88f
Pneumothorax

open, 43, 43b
tension, 42, 42b

Poiseuille’s equation, 61
Polyamide, 136
Polydioxanone sheet, in secondary orbital 

deformity, 506
Polyesters, 135-136, 137f
Polyetheretherketone (PEEK), 501, 504f, 

557
Polyethylene, 135, 135f, 556, 557f
Polyethylene terephthalate, 135-136
Polyheme, 48
Polyhydroxyethylmethacrylate, PMMA 

and, 138, 138f
Polymers, 555-557, 555t

resorbable, 136, 137f, 557-560, 
559f-560f

Polymethylmethacrylate (PMMA), 
136-138, 137f, 556, 558f

Polytetrafluoroethylene (PTFE), 134, 135f, 
556-557

Postbulbar bulge, in orbital injury, 168
Postconcussion syndrome, 69

assessment of, 69, 69b
epidemiology of, 69
management of, 69
pathophysiology of, 69

Posttraumatic stress disorder, 538-539
in adolescents, 539
in children, 539
definition of, 538, 538b
in disfigurement, 537
epidemiology of, 539
evaluation of, 539
treatment of, 539

Preauricular incision, 155-156, 157f
Pregnancy, 32
Prehospital care, 29-31, 30f
Preseptal hemorrhage, 307-308
Projection, radiographic. See Radiography, 

projection for
Proplast, 556-557, 559f
Proptosis, 90f, 166
Psychiatrist, 547

Psychosocial management, 543
coping strategies in, 536, 537b, 541-542, 

541b, 545-546, 546b
in facial transplantation, 546-547
information sources in, 543
mirror in, 545-546
patient advocacy in, 543
PLISSIT model of, 544-545, 544b
providers of, 547-548
in reconstructive surgery, 547
stepped-care approach to, 543-545, 545t
support sources in, 543

Psychotherapist, 547
Ptosis, 338, 338f-339f
Pulse oximetry, 42
Pulseless electrical activity, 44
Pulsus paradoxus, 43
Purtscher’s retinopathy, 186

Q
Quality of life research, 540-541
Quickclot, 45

R
Radial forearm flap, in gunshot injury, 

373-374, 374f
Radiation therapy

in scar revision, 441
wound healing and, 430

Radiographic baseline (orbitomeatal 
baseline), 100

Radiography, 51, 54, 71
in cervical spine injury, 55, 79-80, 80f
of chest, 55
in condylar fracture, 271f, 272
in craniofacial fracture, 196
definitions in, 100
in dento-alveolar injury, 84f-85f, 85, 89, 

290, 290f, 299f
of foreign bodies, 89-92
in frontal bone fracture, 72f
of frontal sinus, 87
in full-thickness calvarial defect, 449
interpretation of, 81-89

abnormal angulation or curvature in, 
86, 87f

abnormal linear density in, 86, 86f
Campbell’s lines for, 82
definitions in, 100
disappearing fragment sign in, 86
displaced bone in, 86
Dolan’s lines for, 82, 82f-83f
fracture patterns in, 83-84, 83f-84f
greenstick fracture in, 84, 87f
hairline fracture in, 84
hot sites in, 83-84, 83f
intracranial air in, 88, 88f
intraorbital air in, 87-88
occlusal plane changes in, 88-89
overlap sign in, 86, 86f
paranasal sinus opacification in, 87
periodontal ligament in, 87
search patterns for, 82-83, 82f-83f
separation sign in, 84-85
sharpness in, 82-83
sinus in, 83, 87
soft tissue emphysema in, 87
soft tissue swelling in, 87
soft tissues in, 83

step deformity in, 86
suture diastasis in, 85
suture sites in, 84
symmetry in, 82
teeth in, 89
Trapnell’s lines for, 82

in malar bone fracture, 86f
in mandibular condyle fracture, 78f, 

564f, 566f-567f, 572f
in mandibular fracture, 13f, 78f, 84f, 

86f-87f, 255, 255f
in maxillary fracture, 13f, 72f-73f, 84f, 

231
in molar fracture, 84f
in multiply injured patient, 78
in nasal fracture, 223, 224f, 226f
in nasoethmoid fracture, 212
in orbital fracture, 571f
in orbital injury, 72f, 98-99, 98f, 172, 

172f-173f
in panfacial fracture, 231
panoramic, 102
in pathological fracture, 92f
in pneumocephalus, 88f
projection for, 71

anteroposterior, 100
Caldwell’s, 71, 72f, 100
extraoral submental, 101
frontal open-mouth, 102
lateral, 71, 73f, 101
lateral oblique, 101
lower occlusal, 101
modified Caldwell’s, 71, 72f, 83f, 100
occipitomental, 71, 72f-73f, 82f-83f, 

101
posteroanterior, 100
posteroanterior mandible, 101
reverse Towne’s, 101-102
rotated posteroanterior mandible, 101
upper occlusal, 101
Waters’, 100-101

in secondary deformity, 444, 454, 483, 
484f

in secondary malocclusion, 459
in skull fracture, 74f, 84, 85f
of spinal cord, 56
in stable patient, 77-78, 78f
in zygoma fracture, 72f, 568f
in zygomatic arch fracture, 73f

Rapid-sequence induction, 36
Rectum, examination of, 55-56
Rectus flap, in gunshot injury, 375, 376f
Reid’s (anthropological) baseline, in 

radiography, 100
Relative afferent pupil defect, 308-309, 309f
Relaxed skin tension lines

in soft tissue injury, 104, 105f
in surgical access, 147
in wound treatment, 434, 435f

Reperfusion injury, 45
Respiratory rate, in shock, 46
Resuscitation room, 30
Retina

edema of, 164, 185f
injury to, 184-185
traumatic angiopathy of, 186, 186f

Retinal detachment, 184-185, 184f
Retinopathy, Purtscher’s, 186, 186f

Periodontal ligament (Continued) Radiography (Continued)
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Retrobulbar hemorrhage, 179
computed tomography in, 170, 170f
signs of, 96

Retromandibular incision, 157
Rhinoplasty, secondary, 480-497

alloplastic graft in, 487, 491f
approach to, 485, 485f
asymmetry and, 480
bone graft in, 485-488, 486f-490f
cartilage grafting in, 485-488, 486f
clinical examination for, 480-483, 482f
closed vs. open approach to, 485
columellar extension in, 496
in columellar retraction, 485
controversy in, 496-497
dermal grafting in, 487
dorsal depression and, 480-481, 481f
dorsal grafting in, 485-488, 486f-491f
dynamic adjustable rotational tip 

tensioning in, 492, 496f
esthetics in, 483
illusion techniques in, 492, 495f
inferior nasal tip rotation in, 492, 495f
internal examination for, 481-482
lengthening techniques in, 492, 496f
in nasal deviation, 483-485
osteotomy in, 488-491, 491f-492f
radiography for, 483, 484f
in saddle nose deformity, 483
scars and, 481
septoplasty in, 492, 494f-495f
in short nose deformity, 483
spreader grafts in, 491-492, 493f-494f
tiered cartilage grafts in, 492, 496f
timing of, 485

Rhinorrhea. See Cerebrospinal fluid (CSF) 
leakage

Rhinoscopy, in craniofacial fracture, 194
Rhytidectomy, 156-157, 158f
Riolan’s muscle, 215
Ritleng tubes, 314, 315f
Road traffic accidents, 4t, 6-11, 29f, 52, 

52f. See also Emergency room/
department treatment; Motor vehicle 
accidents

death from, 28
Robots, surgical, 575-576, 586-588, 

588f-589f
Rollerblading accidents, 11, 11f

S
Sagittal plane, 100
Sagittal split osteotomy, in secondary 

malocclusion, 462, 464f
Saline, hypertonic, 48
Scalp

burn injury of, 418, 418f-420f
examination of, 52
layers of, 342, 343f
repair of, 342-346, 343f

flaps in, 343-345, 345f
free tissue transfer in, 344-345, 346f
galea layer in, 342
replantation in, 345-346, 347f
skin graft in, 342-343, 344f, 346, 

348f-349f
suture closure in, 342, 344f

Scapular flap, in gunshot injury, 373,  
374f

Scar(s), 429-442
age and, 434
assessment of, 432-434
bad, 432-433, 433f
cheek, 434
curved, 433, 433f
depressed, 432-433, 433f
ear, 434
esthetic units and, 434, 434f
eyebrow, 434
eyelid, 434, 514
forehead, 434, 499f
formation of, 429
good, 432
hypertrophic, 433-434
keloid, 433-434, 441
lip, 434
management of, 435-441

delayed revision in, 437-441
collagen injection for, 440, 440f
dermabrasion for, 438
dressings for, 441
fat injection for, 441
isotretinoin for, 441
laser for, 438-439
platelet-rich plasma for, 439
radiotherapy for, 441
serial excision for, 437
silicone injection for, 441
simple excision for, 437, 437f
skin grafting for, 439-440
soft tissue augmentation for, 

440-441, 440f
stem cells for, 439
timing of, 437
tissue expander for, 439, 440f
tissue transfer flaps for, 441
W-plasty for, 438, 438f
Z-plasty for, 437-438, 437f-438f

early, 435-437
communication in, 435
corticosteroid injection in, 436
documentation in, 435-436
injury history in, 435
patient contribution to, 436
photography in, 436
pressure dressings in, 436-437, 437f
psychological support in, 435
silicone gel sheet in, 436, 436f

minimization of, 441, 441f
nasal, 227, 434
orbital, 498, 499f. See also Orbital 

deformity
painful, 433
pigmented, 433
relaxed skin tension lines and, 434,  

435f
step-off deformities in, 433, 433f
stitch marks in, 433

Schlemm’s canal, fibrosis of, 184
Sclera, injury to, 185
Scrotum, hematoma of, 51f
Seat belt, 7-8, 7f

bruising with, 55, 55f
Seat-belt syndrome, 8
Secondary posttraumatic facial deformity. 

See also Nose, secondary deformity 
of;  Orbital deformity;  Scar(s)

assessment of, 443-445

computed tomography in, 444-445, 
445f

dental study models in, 444
hard tissue examination in, 444
patient history in, 443
radiography in, 444
soft tissue examination in, 443-444, 

444f
in calvarial defect, 448-450, 448f-450f
classification of, 443
in frontal sinus fracture, 450-451, 451f
in mandibular fracture, 459-462, 

461f-465f
in maxillary fracture, 459-462
nasal. See Nose, secondary deformity of; 

Rhinoplasty, secondary
in nasoethmoid fracture, 456-459, 458f
orbital. See Orbital deformity, secondary
in orbital roof fracture, 451-452, 452f
in orbitozygomatic region, 452-456, 

453f-455f, 457f
soft tissues in, 465, 466f-468f
surgical management of, 445-465

access for, 445-447
bone grafting in, 447
cartilage grafting in, 447
coronal flap in, 445-446, 446f
extraoral approach in, 446
followup for, 448
intraoral buccal sulcus incision in, 446
lower eyelid incision in, 446, 446f
onlay grafting in, 447-448
osteotomy in, 447, 451f, 460-462, 

463f-465f
planning for, 445
retromandibular approach in, 446
submandibular approach in, 446

Seizures, posttraumatic, 68-69
early, 68
late, 68
management of, 68-69
prevention of, 69

Sensation, facial, in orbital injury, 166
Separation sign, 84-85, 84f-85f
Septal hematoma, 53-54
Septoplasty, in secondary rhinoplasty, 492, 

494f-495f
Serratus flap, in gunshot injury, 375-376, 

376f
Sexual activity, disfigurement and, 535
Sharpness, in radiographic interpretation, 

82-83
Shock, 44-49

blood replacement in, 48-49
coagulopathy and, 45
damage control resuscitation in, 45
diagnosis of, 46-47, 46b
fluid replacement in, 48
hemorrhagic, 46-47
hypothermia and, 45
hypovolemic, 45-46, 47t
maxillofacial aspects of, 49, 49f
pathophysiology of, 44-45, 45b
reperfusion injury and, 45

Silicone, 133-134, 134f, 555-556, 555t, 556f
in scar management, 436, 436f
in scar revision, 441

Secondary posttraumatic facial deformity 
(Continued)
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Sinus endoscopy, in secondary 
orbitozygomatic deformity, 454

Skateboarding accidents, 11, 11f
Skin color, in shock, 46
Skin graft/grafting

in burn injury, 418, 419f-420f, 423,  
424f

in eyelid defects, 325, 327f, 514
in facial avulsion, 107, 108f
in forehead repair, 346, 349f
in nasal dog bite, 353, 354f
in scalp repair, 342-343, 344f, 346, 

348f-349f
in scar revision, 439-440
in secondary rhinoplasty, 487

Skull base fracture, 63
Skull fracture, 62-63

clinical features of, 194
compound, 62
depressed, 62-63, 74f

management of, 67
growing, 448, 448f
linear, 62, 62f
management of, 67
radiography in, 84, 85f
skull base, 63
stellate, 62

Slash wound, 6
Smart microcar, 6, 6f
Soft tissue(s), 104-116. See also Soft tissue 

injury; Soft tissue repair and specific 
soft tissues

air in, 87-88
in radiographic interpretation, 83
in secondary deformity, 443-444
swelling of, 87

Soft tissue injury, 465, 466f-468f. See also 
Soft tissue repair

abrasion, 5-6, 105-106, 105f
assessment of, 104
avulsion, 107, 108f. See also Avulsion 

injury
biomechanics of, 104, 105f
bite-related, 106f-107f, 107-108, 109f
bruise, 5. See also Bruise
classification of, 105-108
contusion, 5, 105
documentation of, 108
laceration, 106-107, 106f-107f. See also 

Laceration
patient history in, 104
relaxed skin tension lines in, 104, 105f
tetanus immunization and, 104
traumatic tattooing, 105-106, 106f

Soft tissue repair, 108-114, 342-367
absorbable sutures for, 112
adhesives for, 113-114, 115f
anesthesia for, 109-110, 109f-110f
canthal ligament, 349-353
care after, 114
cheek, 359, 402, 403f
débridement in, 110-111
degloving injury, 359
ear, 359-362, 359f-362f
eyelid, 346-353, 350f-351f
facial nerve. See at Facial nerve injury
floor of mouth, 359
forehead, 346, 349f-350f

in gunshot injury. See at Gunshot injury
instruments for, 111, 112f
lacrimal apparatus, 347-349, 352f
lip, 355-359, 357f-358f
nonabsorbable sutures for, 113
nose, 353-355, 353f-357f
palate, 358-359
parotid duct, 363-367, 367f
principles of, 111
scalp, 342-346, 343f-346f
setting for, 108-109
sutures for, 112-113, 113f-114f, 116f
tongue, 359
wound preparation for, 110-111, 

111f-112f
Speech, impairments in, 535
Sphenoid bone fracture, 90f, 238, 239f, 

245-246, 245f
Spinal cord, examination of, 56
Spinal cord injury without radiographic 

abnormality, 80
Splint/splinting

in dento-alveolar fracture, 300, 300f
in oral burns, 421-422, 423f
in periodontal ligament injury, 300
in root fractures, 300

Sports-related injury, 4t, 12
eye protector prevention of, 15
mouthguard prevention of, 13-15, 14f

Spreader graft, in secondary rhinoplasty, 
491-492, 493f-494f

Stab wound, 6
Stainless steel implants, 138
Standard of care, 23, 27
Statement of truth, 26
Stem cells, in scar revision, 439
Stent/stenting

frontonasal duct, 206, 244
lacrimal canaliculus, 313, 314f
parotid duct, 363, 367f

Step deformity, in radiographic 
interpretation, 86

Stereolithic model, 501, 501f, 591, 592f
Stereotactic imaging systems, 501-502, 

505f, 593, 594f
Stereotactic vision test, 175f
Steri-Strips, 114
Stomach, stasis of, 51
Subconjunctival hemorrhage, 53, 53f, 

194-195, 307-308, 309f
Submandibular incision, 157-158, 159f
Submental incision, 158-159, 159f
Supraorbital rim incision, 151-152, 152f
Surgical access, 147-161

cold vs. hot cutting for, 148
coronal, 148-150

facial nerve in, 149, 150f
flap elevation in, 149-150, 150f
location of, 148, 148f
nonstraight pattern for, 148, 149f
periosteum in, 149, 149f
shaving for, 148

endonasal, 159-160, 160f
lower eyelid, 152-153, 153f
mandibular vestibular, 155, 156f
maxillary vestibular, 154-155, 155f
nasal, 159-160, 160f-161f

for open reduction and internal fixation, 
117, 118f, 120f

periorbital, 151-154
preauricular, 155-156, 157f
principles of, 147
relaxed skin tension lines and, 147
retromandibular, 157
rhinoplasty, 160, 160f-161f
rhytidectomy, 156-157, 158f
short vs. long incision for, 147-148
submandibular, 157-158, 159f
submental, 158-159, 159f
supraorbital eyebrow, 151-152, 152f
temporal, 150-151, 151f
transcolumellar, 160, 160f
transconjunctival, 153-154, 154f
transfacial, 155-159, 157f-158f
transoral, 154-155, 155f-156f
upper eyelid, 151, 152f

Suture(s), 112-113
absorbable, 112
materials for, 432
nonabsorbable, 113
removal of, 114, 116f
techniques for, 113, 113f-114f

Swinging flashlight test, 308-309, 309f
Symmetry, in radiographic interpretation, 

82

T
TAC (tetracaine, epinephrine, cocaine) 

topical anesthetic, 110
Tachycardia, in shock, 46
Tarsal plate graft, 326-328, 328f-329f
Tattooing, traumatic, 105-106, 106f

prevention of, 110, 111f
Tears, 307
Telecanthus, 195
Temporalis flap, in gunshot injury, 391f
Temporalis muscle

postoperative retraction of, 445-446,  
446f

transposition of, in facial nerve injury, 
533

Temporo-orbital defect, computer-assisted 
reconstruction in, 603-604, 604f-605f

Temporomandibular joint (TMJ)
ankylosis of, 585, 586f
in condylar fracture, 270
in secondary malocclusion, 459, 461

Tension pneumo-orbitism, 96-97, 96f
Tension pneumothorax, 42
Tenzel flap, 329-330, 329f-330f
Tetanus immunization, 104, 289, 418, 432
Thoracic injury, 38-44

cardiac tamponade with, 43-44, 44b
flail chest with, 43
life-threatening, 39-41
massive hemothorax with, 43
open pneumothorax with, 43, 43b
resuscitative thoracotomy in, 44
tension pneumothorax with, 42, 42b

Thoracocentesis, 42, 42b
Thoracotomy, 44
Three-dimensional glasses, 582, 582f
Tissue engineering, 562
Tissue expander, in scar revision, 439, 440f

Soft tissue repair (Continued) Surgical access (Continued)
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Titanium implants, 138-139, 139f-140f
computer-assisted placement of, 

600-602, 602f-603f
in secondary orbital deformity, 506

Tongue
in airway assessment, 33, 35
laceration of, 359

Tooth (teeth). See also Tooth (teeth) injury
color of, 290
computer-assisted implantation of, 

578-580, 579f-580f
discoloration of, 298
examination of, 54

in maxillary fracture, 232
in panfacial fracture, 232

inhalation of, 91, 91f
in mandibular fracture, 265-266
missing, 89-92, 91f
mobility of, 290
occlusion of, 13

in condylar fracture, 271, 271f, 
284-285

in mandibular fracture, 254-255, 254f
radiographic interpretation of, 88-89

percussion of, 290, 298
radiography of, 290, 290f
replantation of, 297-298

dry storage time and, 298
root growth arrest of, 298
root resorption of, 298-299
secondary malocclusion of, 459-462

dental study model in, 444
evaluation of, 459
mandibular osteotomy for, 460-461, 

463f-464f
maxillary osteotomy for, 460, 465f
multidisciplinary treatment of, 

459-460
sensitivity/vitality tests of, 290, 298
splinting for, 299-301

acrylic, 300-301
acrylic resin, 300
bracket and wire, 300
figure-of-eight wiring, 300
foil and cement, 300
resin-wire, 300
thermoplastic, 300-301

Tooth (teeth) injury, 288-303. See also 
Dento-alveolar injury

classification of, 288, 289t
evaluation of, 288-290

extraoral examination in, 289, 289f
intraoral examination in, 289-290
medical history in, 289
mobility testing in, 290
patient history in, 288
percussion testing in, 290
sensibility/vitality tests in, 290
tooth color in, 290

permanent dentition, 289t, 292-302, 
292f, 302b

ankylosis with, 299
avulsion, 297-298
concussion, 296
crown dilaceration, 292-293, 292f
crown-root fracture, 294
discoloration, 293
enamel-dentine fracture, 293-294, 294f

enamel-dentine pulp fracture, 294
enamel fracture, 293
enamel infraction, 293
eruption disturbance, 293
extrusive luxation, 296
fracture radiography in, 84f-85f, 85
intrusive luxation, 297, 297f
lateral luxation, 296-297, 296f
periapical inflammation with, 298
periodontal injury, 295-299, 295t
pulp canal obliteration with, 298-299
pulpal necrosis, 298
replantation for, 297-299
root development arrest, 298
root fracture, 294-295
root resorption, 298-299
splinting for, 299-301, 300f
subluxation, 296
vestibular root angulation, 292-293

primary dentition, 85f, 290-291, 291f, 
302b

bone, 291
concussion, 291
crown fracture, 291
crown-root fracture, 291
luxation, 291
management of, 292-293
pulpal necrosis with, 292
pulpal obliteration with, 292
root fracture, 291
root resorption with, 292
subluxation, 291

radiography in, 89, 290, 290f, 299f
Tort law, 19
Trachea, injury to, 35
Tracheostomy, 38

percutaneous, 38
Tragocanthal line (orbitomeatal baseline), 

in radiography, 100
Transconjunctival incision, 153-154, 154f
Transcranial magnetic stimulation, in 

facial nerve injury, 404
Trapdoor deformity, 107, 107f, 438, 438f
Trapnell’s line, 82, 82f
Triage, 30. See also Emergency room/

department treatment
Trochlea, trauma to, 178
Trochlear nerve injury, 178, 195
Tube angulation, in imaging, 100

U
Ulcers, decubitus, 56
Ultrasonography, 76

in computer-assisted surgery, 576
Urinary catheterization, 50-51
Urine output, in shock, 46

V
Vagina, examination of, 55-56
Ventilation, 38-44. See also Airway
Vertical ramus osteotomy, in secondary 

posttraumatic malocclusion, 462,  
463f

Vision loss
in compartment syndromes, 97
computed tomography in, 81
orbital injury and, 164

Visual acuity, in orbital injury, 164
Visual field testing, 175f
Vitallium implants, 138
Vitreal hemorrhage, 185-186, 186f
Voxel, 73, 75f

W
W-plasty, in scar revision, 438, 438f
War

fracture treatment during, 121
injury during, 11-12

Whiplash-type injury, optic nerve injury 
with, 179, 181f

Witness
expert, 22-23, 26
factual, 25-26

Witness statement, 25-26
Wound(s). See also Bites; Laceration

contamination of, 430-431
crush, 430, 430f
foreign bodies in, 431f
healing of, 429-430. See also Scar

blood supply in, 429-430
foreign bodies and, 430
infection and, 430
irradiation history and, 430
local factors in, 429-430
necrosis and, 430
principles of, 429
scarless, 442

management of, 431-432
antibiotics in, 432
débridement in, 431
facial nerve in, 432
irrigation in, 431
layered repair in, 431
nasolacrimal duct injury in, 432
necrosis trimming in, 431
parotid duct injury in, 432
scrubbing in, 431f
timing of, 431

penetrating, 431
types of, 430-431

Z
Z-plasty

in eyelid deformity, 514
in medial canthus displacement, 

338-339, 340f
in medial canthus web, 338-339, 339f
in scar revision, 437-438, 437f-438f

Zygoma
onlay grafting of, 456, 457f
osteotomy of, 456, 457f

Zygoma fracture, 172. See also Orbital 
fracture

computed tomography in, 74f, 445f
minimally invasive management of, 161, 

565-568, 568f, 571
motorbike-related, 10f
radiography in, 72f-73f, 172f-173f
secondary deformity after, 452-456, 

510-512, 511f
assessment of, 453-454, 454f-455f
osteotomy in, 456, 457f
surgical management of, 454-456

untreated, 20f
Zygomatic line, 82, 82f

Tooth (teeth) injury (Continued)
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