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  More than a century ago, Dr. Farrar stated that 
endodontic surgery is “The most heroic, and the 
most interesting of all the operations. The time 
will come when it will not only be considered as 
highly scientifi c, but will be indorsed by all pro-
gressive operators” [ 1 ]. Since then, endodontic 
surgery has gone through many transformations, 
conversions, and developments, till its current 
application [ 2 ,  3 ]. 

 The main goal of a surgical endodontic treat-
ment is to prevent the invasion of bacteria and 
their by-products from the root canal system into 
the periradicular tissues [ 4 ,  5 ]. Surgical endodon-

tic treatment may be indicated for teeth with api-
cal periodontitis, when a nonsurgical retreatment 
is impractical or unlikely to improve the previous 
results [ 2 ,  3 ,  6 ]. 

 A need for a biopsy has been commonly men-
tioned as an additional indication for endodontic 
surgery [ 2 ,  3 ]. However, if one considers this 
from a biological point of view this may repre-
sent a typical misconception and misinterpreta-
tion of the goal and application of the procedure 
in clinical endodontics [ 2 ,  3 ]. While the discus-
sion whether every pathologic tissues obtained 
during endodontic surgery procedures should be 
routinely submitted for histological evaluation is 
still controversial [ 7 ], when a lesion of non- 
endodontic origin is suspected based on preoper-
ative clinical and radiographic evaluation, the 
case becomes primarily a surgically oriented 
case, and it may be better managed by a 
 maxillofacial surgeon. 

        I.   Tsesis ,  DMD       (*) •     E.   Rosen ,  DMD      
  Department of Endodontology ,  Maurice and Gabriela 
Goldschleger School of Dental Medicine, 
Tel Aviv University ,   Tel Aviv ,  Israel   
 e-mail: dr.tsesis@gmail.com; 
dr.eyalrosen@gmail.com  

  1      Introduction: An Evidence-Based 
Approach for Prevention 
and Management of Surgical 
Complications 

           Igor     Tsesis       and     Eyal     Rosen     

    Abstract 

 A modern surgical endodontic treatment is a predictable and effi cient pro-
cedure. Like any treatment modality, surgical endodontics is exposed to 
risk of complications. Possible complications should be considered in the 
decision making process, so they could be anticipated, prevented, diag-
nosed or managed correctly. Both patient and practitioner related matters, 
that might affect the risk of complications and the ability to manage those 
complications in case they occur, need to be recognized. 

 The application of an evidence-based approach for prevention, identifi -
cation and management of surgical complications should result in a reduc-
tion of mistakes in the clinical decision making process.     
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mailto:dr.eyalrosen@gmail.com
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 A traditional surgical endodontic treatment 
(traditional technique) consistently was per-
formed by root-end resection with a 45° bevel, 
retrograde preparation of the canal with bur, and 
root-end fi lling [ 8 ]. A moderate success rate of 
approximately 60 % was reported with this tech-
nique [ 9 ,  10 ]. This relatively unpredictable out-
come was mainly related to the diffi culties in 
locating, cleaning, and sealing the apical part of 
the root canal system [ 4 ]. In order to overcome 
the drawbacks of this technique and the inability 
to adequately prepare and seal the root canal 
space, a modifi cation was proposed by Nygaard- 
Ostby, who suggested to use a cutoff section of 
h-fi le for retrograde canal preparation. 

 The introduction of the dental operative micro-
scope (OM) in the early 1990s [ 11 ] led to a new era 
in surgical endodontics [ 2 ,  3 ]. The modern surgical 
endodontic treatment (modern technique) uses 
magnifi cation devices, such as the dental OM to 
facilitate a more precise procedure with no or mini-
mal bevel of root-end resection, retrograde canal 
preparation with the aid of an ultrasonic tip to a 
depth of 3–4 mm, and root-end fi lling [ 12 ]. The 
advantages of a modern technique include easier 
identifi cation of root apices, smaller osteotomies, 
and shallower resection angles that preserve corti-
cal bone and root length [ 4 ]. In addition, the 
resected root surface under high magnifi cation and 
illumination readily reveals the isthmus, canal fi ns, 
micro-fractures, and lateral canals [ 4 ]. The modern 
technique has shown a much higher long-term suc-
cess rate (>90 %) compared to the traditional tech-
nique (<60 %) and is considered a predictable and 
effi cient treatment modality [ 2 ,  3 ,  5 ]. 

 Like any treatment modality, surgical end-
odontics is exposed to risk of complications. 
Routinely a surgical complication (complication) 
was defi ned as “any undesirable, unintended and 
direct result of surgery affecting the patient, 
which would not have occurred had the surgery 
gone as well as could reasonably be hoped” [ 13 ], 
thus suggesting that not always a direct action- 
result relation exists between the surgeon’s 
actions and the ensuing adverse outcomes. On 
the other hand, a procedural error (error) was 
defi ned as “a failed process that is clearly linked 
to adverse outcome” [ 14 ], and some authors 

stated that “complications occur, whereas errors 
are committed” [ 13 ,  14 ]. 

 Risk management in endodontics is the active 
daily process aimed to prevent, identify, assess, 
prioritize, and manage potential medical and 
medicolegal risks [ 15 ]. Thus, a clinician should 
always expect the unexpected and be actively 
prepared to prevent and manage any undesirable 
results of the surgical procedure. 

 The classifi cation of “un-undesirable/unin-
tended results” of surgical complications versus 
errors based on their traditional defi nitions is too 
simplistic and incomplete and may not refl ect the 
true clinical scenario. 

 Procedural errors (error) can be defi ned as 
“improper action or inaction of the practitioner 
prior during or following the surgical procedure.” 
Thus, in some cases errors may have little or no 
adverse effect, and in other cases they may lead 
to complications. 

 The possible complications of surgery may be 
divided into two categories:
    1.    Patient-related complications (i.e., undesir-

able, unintended, and direct result of surgery 
affecting the patient, which are related to the 
patient-specifi c characteristics, rather than to 
a procedural error).   

   2.    Practitioner-related complications (i.e., errors 
that directly led to undesirable and unintended 
results affecting the patient). In some cases 
the practitioner-related complications may 
also be a result of a faulty technique, rather 
than a specifi c error (e.g., a complication that 
occurs due to surgical endodontic treatment 
performed by a traditional technique, even 
when a procedure was done fl awlessly).     
 “Errare humanum est” (meaning: “to err is 

human”) – errors by clinicians in medical prac-
tice will occur and unfortunately may result in 
harm to patients. However, what matters is the 
ability to learn from one’s errors and to recognize 
or anticipate these errors in order to avoid or pre-
vent their reoccurrence [ 16 ]. 

 Thus, the practitioner’s goals are as follows:
    1.    Minimizing errors by the application of an 

appropriate surgical technique   
   2.    Correct and timely mannered identifi ca-

tion and management of errors in case they 

I. Tsesis and E. Rosen
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 happen, in a way that would prevent ensuing 
complications   

   3.    Adequate and timely mannered management 
of complications in case they developed     
 In addition, patient-related complications 

should be diagnosed and considered in the 
decision- making process, so they could be antici-
pated, prevented, or managed correctly. 

 From a practical clinical point of view, distin-
guishing errors from complications is mainly 
looking on the same coin from two different 
directions. Also, regardless of the exact defi nition 
of the adverse outcome of a surgical procedure, 
surgeons generally feel personal responsibility 
for complications/errors that occur [ 13 ], and 
those outcomes may bare medical and sometimes 
even medicolegal consequences. Thus, this book 
will discuss complications and errors as an unite 
clinical matter that would be termed for simplic-
ity – complications. 

 Since complications are an integral part of any 
surgical modality, the practitioner is required to 
adopt a reasonable and effective clinical approach 
in order to prevent and manage those possible 
complications. Practitioners tend to institute their 
approach to complication on personal experi-
ence, which in some cases may imply “Making 
the same mistakes with increasing confi dence 
over an impressive number of years” [ 17 ]. On the 
other hand, evidence-based dentistry is an 
approach to oral healthcare that integrates the 
best available clinical evidence to support a prac-
titioner’s clinical expertise for each patient’s 
treatment needs and preferences [ 18 – 20 ] and 
should be adopted by practitioners as a routine. 

 It is based on the process of systematically fi nd-
ing, apprising, and using research fi ndings as the 
basis for clinical decision making. Systematic 
reviews constitute the basis for practicing 
evidence- based dentistry [ 15 ,  17 ,  18 ]. The applica-
tion of an evidence-based approach for prevention, 
identifi cation, and management of surgical com-
plications should result in a reduction of mistakes 
in the clinical decision-making process [ 18 – 21 ]. 

 In a clinical scenario, the evidence-based pro-
cess requires a defi nition of a specifi c clinical 
question (i.e., determine the patient population 
type, the clinical intervention, the comparison 

methods, and the clinical outcome of interest), 
followed by a comprehensive literature search in 
order to identify as much of the relevant literature 
as possible [ 17 ,  18 ,  21 ]. Then, by using explicit 
methodology, a review and synthesis of the 
research evidence is performed, aimed to mini-
mize bias and explicitly address the issues of the 
completeness of the identifi ed evidence and 
assess the quality of the evidence and the evi-
dence combinability [ 15 – 18 ,  21 ]. Eventually, 
based on the quality and combinability of the 
retrieved evidence, evidence-based conclusions 
can be made. However, in certain cases, the sys-
tematic review of the available literature may 
lead to a conclusion that there is no available 
evidence-based data and that further research is 
indicated to elucidate that particular clinical 
question. On the other hand, in other cases, when 
suffi cient high-quality and combinable data was 
retrieved during the systematic review process, a 
meta-analysis of the results across the studies can 
be performed and might even lead to new insights 
regarding that particular clinical question. 

 Figure  1.1  presents an evidence-based algo-
rithm for prevention, identifi cation, and manage-
ment of surgical complications.

   The ultimate goal of surgical endodontic treat-
ment is to preserve natural teeth. A frequent 
dilemma is the decision whether to preserve the 
natural tooth by endodontic treatment or to 
extract the tooth and replace it with an alterna-
tive, such as fi xed partial dentures or a dental 
implant [ 22 ,  23 ]. In case a complication occurred 
during an endodontic treatment, this dilemma 
may be even more intense since the prognosis of 
the tooth and the possible further complications 
may be unpredictable. On the other hand, it 
should be recognized that not every complication 
should necessarily lead to a surgical failure. As 
long as the surgical main goal (i.e., correct man-
agement of the apical part of the root [ 2 ,  3 ]) was 
achieved in spite of the complication, the treat-
ment outcome may not be compromised. 
However, if the complication development com-
promised the main surgical goal, a less predict-
able outcome should be anticipated [ 2 ,  3 ]. 

 The contemporary dentistry principle is that 
every reasonable effort should be made in order 
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to preserve natural teeth, since the basic goal of 
dental implants is to replace missing teeth, and 
not present teeth [ 22 ,  23 ]. Thus, the long-term 
prognosis, the capabilities offered by the mod-
ern endodontic treatment to address the compli-
cation, the alternatives in case of treatment 
failure, the posttreatment quality of life, and the 
patient’s preferences should all be recognized 
and incorporated in the practitioner’s decision 
making [ 22 ,  23 ]. 

 Endodontic clinical trials often use “success” 
as the outcome variable, based on strict clinical 
and radiographic evaluations. In contrast, implant 
research often uses “survival,” defi ned as “reten-
tion of the tooth or implant, depending on the 
intervention,” as the outcome variable, thus lead-
ing to a confusion when attempting to compare 
these two treatment modalities [ 22 ]. Doyle et al. 
[ 24 ] compared the long-term survival of single- 
tooth implant restorations with matched teeth 
receiving initial nonsurgical endodontic treat-
ment and restoration and reported a comparable 
10-year survival rate of both treatment  modalities 

[ 24 ]. Thus, choices between implant and end-
odontic therapies cannot be solely based on out-
comes measurement [ 25 ]. 

 The required additional treatments, especially 
in case of failure, and the patient’s quality of life 
should also be taken under consideration. For 
example, endodontically treated natural teeth 
may provide more effective masticatory function 
compared with implant-supported restorations 
[ 26 ]. In addition, although the success of implant 
and endodontically treated teeth may be compa-
rable, implants may require more postoperative 
treatments to maintain them [ 27 ]. Thus, natural 
endodontically treated teeth may grant improved 
dental function and less required further treat-
ments than implant [ 24 ,  26 ,  27 ]. 

 As part of the treatment consideration and 
decision-making process, specifi c patient- and 
practitioner-related matters, which might affect 
the risk of complications and the ability to man-
age those complications in case they occur, need 
to be considered. Thus, several questions need to 
be elucidated:

Specific; patient type, clinical intervention,
comparison methods, clinical outcome of

interest

Wide range
Search engines + hand search

Results synthesis

Validity; clinical usefulness; strict
inclusion criteria; quality and
combinability of the evidence

Clinical question

Systematic evidence search

Appraising the evidence

Systematic review

Combinable data

Future
research

Meta
analysis

Evidence-based
conclusions

  Fig. 1.1    Evidence based algorithm for prevention, identifi cation and management of surgical complications       
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•    Are my patients different from those presented in 
the literature (i.e., in terms of motivation, socio-
economic status, systemic considerations)?  

•   Is the treatment feasible in my setting?  
•   Will the potential benefi ts of treatment out-

weigh the potential risks for my patient?    
 This book is aimed to provide endodontic 

practitioners with knowledge and practical tools 
to incorporate an evidence-based approach for 
prevention, identifi cation, and management of 
surgical complications, in their daily decision- 
making process.    
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        Introduction 

 Diagnosis can be defi ned as “the art and science 
of detecting and distinguishing deviations from 
health and the cause and nature thereof” [ 1 ] and 
should be the foundation for clinical decision 
making. The ability to effectively diagnose and 
manage a patient condition is based on sound and 
updated knowledge base and effective clinical 
reasoning. The clinical reasoning process is 

 composed of several steps: identifi cation of 
 clinical information that is relevant to the patient’s 
 condition, interpretation of its meaning, genera-
tion of hypotheses that provides rational explana-
tion of the patient’s condition, testing and refi ning 
of those hypotheses through further data collec-
tion, and eventually establishment of a diagnosis 
[ 2 ]. Errors in one or more of the clinical reason-
ing steps may ultimately lead to misdiagnosis 
and ensuing complications. 

 Errors in diagnosis of a medical condition may 
be related to the following: manifestation that is 
not suffi ciently noticeable, a condition that is 
omitted from consideration, excessive consider-
ation is given to some features of the condition, the 
condition has nonspecifi c symptoms, and when 
the condition has a rare clinical presentation [ 2 ,  3 ]. 

 Complications in diagnosis of teeth scheduled 
for endodontic surgery may occur due to the peri-
odontal condition of the tooth, such as vertical 
root fracture (VRF), and misdiagnosis of non- 
endodontic lesions mimicking infl ammatory 
periradicular lesions.  
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    Complication of Endodontic Surgery 
as a Result of Periodontal Condition 

 The ultimate goal of endodontic surgery is to 
 preserve teeth with apical periodontitis. However, 
sometimes while it is possible to treat the endodon-
tic pathology, there is still a need to extract the 
tooth due to uncontrolled periodontal disease [ 4 ]. 

 A typical example of misdiagnosis can be a 
vertical root fracture (VRF). VRFs are longitudi-
nally oriented fractures of the endodontically 
treated teeth that originate in any location of the 
root and can propagate coronally or apically 
[ 5 ,  6 ]. VRF in endodontically treated teeth is a 
serious complication of root canal therapy which 
results in the tooth or root extraction [ 7 – 10 ]. The 
diagnosis of VRF based on clinical and periapi-
cal radiographic evaluation may be, at times, 
complicated for lack of specifi c signs, symptoms, 
and/or radiographic features [ 6 ] and because sev-
eral etiologic factors may be involved [ 5 ,  6 ]. 

 The two-dimensional nature of the periapical 
radiography was suggested as a possible limita-
tion for the radiographic detection of VRF [ 11 ]. It 
was recently suggested that cone beam computed 
tomography (CBCT) presents superior diagnostic 
validity over periapical radiography for VRF 

diagnosis proposes [ 11 – 23 ], and the VRF diag-
nostic capabilities of CBCT were tested both ex 
vivo and in vivo, presenting inconsistent and con-
fusing results [ 11 ,  12 ,  14 – 21 ,  23 – 27 ]. In addition, 
the long-term health concerns regarding radiation 
doses associated with CBCT still need to be eluci-
dated [ 25 ,  28 – 34 ]. Thus, it is therefore an accept-
able practice that every effort should be made to 
minimize the effective radiation dose to the patient 
in endodontic-specifi c tasks [ 28 ,  35 ] and that the 
use of CBCT for VRF diagnosis should be per-
formed based on cost-benefi t assessment [ 28 ]. 

 The anatomical pattern of the VRF is variable 
in its direction (vertical to the long axis of the root 
or sometimes diagonal), and it can be incomplete 
(on one aspect of the root) or complete (from buc-
cal to palatal/lingual). This variety of clinical pre-
sentations might lead to failure to diagnose the 
VRF during the endodontic surgical procedure [ 6 ]. 

 Sometimes the typical deep osseous defect 
(pocket) is not clinically detectable by probing, 
since the root fracture is located in the middle 
part of the root not involving the coronal or apical 
parts of the root. Thus, the attachment in the 
 coronal part exists and the coronal bone is still 
intact. This may also lead to failure to diagnose 
the VRF [ 6 ] (Fig.  2.1 ).

a

d

b c

  Fig. 2.1    Endodontic surgery on misdiagnosed vertical 
root fracture on maxillary premolar. ( a ) Presurgical; ( b ) 
immediately post surgery; ( c ) follow-up (gutta-percha 

tracing of buccal and palatinal sinus tracts); ( d ) following 
extraction – a vertical root fracture was diagnosed       
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   When VRF diagnosis is made, a quick deci-
sion to extract the tooth or root is necessary, since 
that the infl ammation in the supporting tissues 
would otherwise lead to periodontal breakdown 
followed by the development of a deep osseous 
defect [ 7 ] and resorption of the bone facing the 
root fracture. Thus, failure to diagnose VRF dur-
ing the endodontic surgery might lead to treat-
ment failure associated with excessive bone loss 
that will jeopardize future restoration of the area 
of the extraction [ 8 ].  

    Non-endodontic Lesions Mimicking 
Infl ammatory Periradicular Lesions 
in Endodontically Treated Teeth 

 Pulp sensitivity testing has been frequently sug-
gested for differential diagnosis between apical 
lesions of endodontic and non-endodontic origin 
[ 36 ]. However, most teeth scheduled for end-
odontic surgery were previously endodontically 
treated. Thus, the diagnosis cannot be based on 
pulp sensitivity testing. 

 In general, tissue removed from a periradicular 
area of teeth with apical periodontitis, when sub-
mitted to histopathological examination, demon-
strates a granuloma or a radicular cyst. However, 
on rare occasions, histopathological examination 
of tissues removed from this area will reveal 
lesions of other entities, which radiologically 
mimic periradicular infl ammatory pathoses. 
Although radicular cysts and granulomas are very 
common, we should be aware of the possibility 
that other noninfl ammatory lesions may be 
located in a periradicular location. This is impor-
tant since these other missed or disregarded diag-
noses might result in inappropriate treatment. 

 Periapical granulomas (PAGs) are formed at 
the apices of non-vital teeth, most of them being 
asymptomatic. In general, PAGs represent ~75 % 
of apical infl ammatory lesions and ~50 % of 
periapical lesions related to lack of response to 
endodontic treatment [ 37 ]. Radiographically, 
PAGs are radiolucent lesions ranging from small, 
nearly indistinguishable to lesions of 2 cm in 
diameter and larger. The involved tooth shows 
loss of lamina dura (LD) at the apical region. 

PAGs may be circumscribed or ill defi ned, with 
or without a radiopaque rim. Root resorption is 
quite common. PAGs are biologically dynamic 
lesions and can transform into periapical cysts 
(PACs) or periapical abscesses, without neces-
sarily alternating the radiographic features. 
Although PACs are believed to achieve a larger 
size than PAGs, distinguishing between these 
two entities based on the radiographic fi ndings is 
almost impossible [ 37 ]. 

 A cyst associated with a non-vital tooth may 
develop at the lateral aspect of the root due to 
spread of the pulpal necrotic material through a 
lateral root canal and foramen and is termed lat-
eral radicular cyst (LRC). In principle, the radio-
graphic features of LRC are identical to those of 
PACs/PAGs including the radiolucent nature of 
the lesion and loss of the LD in the region of the 
foramen of the root canal [ 37 ]. 

 Lesions located at the apices of non-vital teeth 
that radiographically look like PAGs/PACs, but 
histologically reveal to be lesions of a large range 
of entities, have been described in the English 
language literature, in either single-case reports 
or limited case series. It is assumed that between 
0.65 % and ~6 % of apparently periapical lesions 
are not of infl ammatory origin [ 38 – 41 ]; there-
fore, comprehensive diagnostic evaluation is 
needed in order to avoid pitfalls of unnecessary 
endodontic treatment. The lesions mimicking 
PAGs/PACs can be classifi ed as follows: anatom-
ical structures and variations, cysts, tumors and 
diseases, and miscellaneous lesions. 

    Anatomical Structures and Variations 

 The incisive canal is located between and apical 
to the roots of the maxillary central incisors. It 
is generally accepted that a diameter of 6 mm is 
the upper limit of the normal size for the incisive 
canal, so that a radiolucency of 6 mm or smaller in 
this area is usually considered a normal foramen 
unless there are clinical signs or symptoms (e.g., 
swelling, pain, drainage) present [ 37 ]. Lesions 
larger than 6 mm are usually considered as an 
incisive canal cyst. The incisive canal or the inci-
sive canal cyst usually appears as a  symmetrical, 
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well-defi ned radiolucent lesion between the roots 
of the upper central incisors, showing a “heart”-
like-shaped outline due to its superimposition on 
the anterior nasal spine. However, occasionally, 
the canal or its cystic variant is asymmetrical, 
lying only on one side of the midline, overlap-
ping the apex of the adjacent central incisor, thus 
mimicking a periapical pathosis. In this case, in 
particular when the lesion is larger than 6 mm, an 
occlusal radiograph will aid in determining the 
spatial relation between the seemingly unilateral 
“periapical” pathosis and the status of the LD and 
width of the periodontal ligament of the adjacent 
tooth [ 37 ]. 

 The mental foramen may also have a radio-
graphic appearance of a periapical pathosis in the 
area of the lower second premolars. If doubts are 
raised in regard to the true nature of the lesion, 
then additional periapical x-rays should be taken 
from different angles in order to analyze changes 
in the position of the “periapical” fi nding [ 37 ]. 

 The anatomical depression at the angle of the 
mandible below the inferior alveolar nerve canal, 
in which part of the submandibular salivary gland 
or muscle tissue or fi bro-fatty tissue resides and 
has a radiographic appearance of a cyst-like 
lesion, is known as the mandibular lingual sali-
vary gland depression/Stafne defect/static bone 
cyst [ 37 ]. In a minority of cases, this anatomical 
mandibular defect has been found more anteri-
orly, namely, starting from the symphysis area to 
the premolars. This anterior variation of “Stafne 
bone defect” is fi lled by sublingual salivary gland 
tissue and has the appearance of a periapical 
pathosis [ 42 ]. 

 Anecdotal cases of atypical anatomy of the 
maxillary sinus with an extension seen on con-
ventional panoramic x-rays as a unilocular, well- 
defi ned corticated radiolucency in the second 
premolar-fi rst molar location were reported [ 43 ]. 
With the aid of adequate CT imaging, when indi-
cated, it could provide valuable information for 
an exact diagnosis. 

 Another rare anatomical variation is the cana-
lis sinuosus that carries the anterior superior den-
tal nerve and associated blood vessels [ 44 ]. It can 
rarely take an aberrant route between the medial 
aspect of the alveolar bone of the maxillary 

canine and the nasal cavity and as such be inter-
preted as a periapical pathosis of the canine tooth. 
Close examination of periapical x-rays will reveal 
the intact periodontal ligament space of the 
canine upon which the radiolucency of the cana-
lis sinuosus is superimposed.  

    Odontogenic Cysts 

 A true cyst is defi ned as a pathologic cavity lined 
by epithelium and fi lled with fl uid or semisolid 
material [ 37 ]. Cysts rarely develop within bones 
for the simple reason that it is unusual to fi nd epi-
thelium in these locations. The jawbones, how-
ever, are a marked exception to this rule, and 
cysts occur in this region more frequently than in 
any other bone in the body. The source of epithe-
lium in the jawbones is both odontogenic and 
non-odontogenic. Corresponding to this epithe-
lium, two major types of bone cysts, odontogenic 
and non-odontogenic, arise within the jaws. The 
odontogenic cysts can be further classifi ed as 
developmental (part originates from the rests of 
dental lamina and part from reduced enamel epi-
thelium) and as infl ammatory (originates from 
the rests of Malassez) [ 37 ]. Cysts of jawbone are 
well-defi ned, totally or predominantly radiolu-
cent, sometimes expansile lesions. 

 The lateral periodontal cyst (LPC) is a rare 
developmental odontogenic cyst that typically 
occurs on the lateral surface of a canine or a pre-
molar tooth, predominantly in the lower jaw [ 37 ]. 
Adjacent teeth are vital and as such the LD and 
periodontal ligament space are expected to be 
intact. Radiographically, LPC is a well-defi ned 
radiolucency on the lateral aspects of the tooth 
roots with a diameter of ~1 cm. These clinical 
and radiographic parameters should be enough to 
distinguish a LPC from a LRC. However, LPC 
type of lesions can be present in association with 
a non-vital tooth or with what seems to be lack of 
healing of an endodontically treated tooth [ 37 ]. 
Upon submitting the lesion to microscopic exam-
ination the diagnosis of LPC has to be supported 
by the typical features of the lining epithelium 
(that are expected to be preserved, at least in part, 
even if the cyst is infl amed). 

M. Vered et al.
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 Another rare odontogenic developmental cyst 
reported at the apex of a non-vital tooth is the 
orthokeratinized odontogenic cyst [ 45 ] that usu-
ally has no characteristic clinical or radiographic 
features to distinguish it from other infl ammatory 
cysts.  

    Odontogenic Tumors 

 Odontogenic tumors arise from epithelial and/or 
mesenchymal components of the developing 
odontogenic apparatus and are almost always 
confi ned to the jaws. These tumors are usually 
benign but vary widely in their behavior. 

 Radiographically, they may manifest as totally 
radiolucent or radiopaque lesions or as mixed 
radiolucent-radiopaque lesions. The lesions are 
diagnosed and classifi ed on the basis of their his-
tologic features, usually correlating the clinical 
and radiographic features. 

 The keratocystic odontogenic tumor (KCOT), 
formerly known as odontogenic keratocyst, is a 
developmental odontogenic lesion, now believed 
to represent a cystic tumor [ 37 ]. KCOT may 
demonstrate a radiographic picture that, among 
other possibilities, can mimic that of a PAG/PAC 
[ 37 ]. In fact, when large series of periapical biop-
sies taken from teeth with clinically necrotic 
pulps were analyzed, KCOTs were found in a fre-
quency ranging from 0 % [ 38 ,  46 ,  47 ] to 0.27 % 
[ 40 ], 0.3 % [ 48 ], 0.53 % [ 49 ], and up to 0.7 % 
[ 50 ]. Comparing KCOT to other periapical non-
infl ammatory types of lesions, it seems that 
KCOT is the most frequently encountered. In a 
study of 239 KCOTs, 21 (9 %) were located peri-
radicularly and 12 (57 %) were associated with 
non-vital teeth or endodontically treated teeth 
and therefore were considered to be of endodon-
tic origin [ 51 ]. Interestingly, in the latter lesions, 
two-thirds were symptomatic, the mandible-to- 
maxilla ratio was almost 1:1, 90 % were associ-
ated with teeth anterior to the molars, mainly 
anterior teeth, and the mean age of the patients 
was 56 years. These features are different than 
those that characterize the classical non- 
periapical, non-vital tooth-related KCOT, in 
terms of location and age of patients [ 37 ]. 

Periapical lesions that fail to heal after good- 
quality endodontic treatment require further 
investigation, in particular if lesions continue to 
enlarge and/or present aggravating symptomatol-
ogy during follow-up. A 4-year follow-up period 
has been suggested in order to assess success or 
failure [ 52 ]. Assuming that the nonhealing peri-
apical lesion could be a KCOT, it is likely that 
during this follow-up period it would continue to 
advance and change the radiographic picture, 
thus demanding a biopsy procedure and a defi nite 
microscopic diagnosis. A case of KCOT mimick-
ing a periapical lesion is seen in Fig.  2.2 . The 
treatment of KCOT must take into consideration 
the tendency for recurrence, and therefore the 
surgical approach is usually more aggressive than 
for other developmental cystic lesions nonethe-
less periapical infl ammatory pathoses and usu-
ally comprises of removal of the lesion followed 
by peripheral ostectomy of the bony cavity and/
or chemical cauterization. Exceptionally, locally 
aggressive KCOTs demand local resection and 
bone grafting [ 37 ].

   Anecdotal cases of solid ameloblastoma 
appearing as a periapical, cyst-like radiolucency 
associated with non-vital teeth have been reported 
[ 53 ,  54 ]. Similarly, unicystic ameloblastoma 
adjacent to vital and non-vital teeth was reported 
[ 36 ,  55 ]. A case of a “periapical” unicystic ame-
loblastoma considered to be an infl ammatory 
periapical lesion that remained untreated for 
about 10 years is illustrated in Fig.  2.3 . The treat-
ment approach for solid, multicystic ameloblas-
toma and for unicystic ameloblastoma with mural 
proliferation is quite aggressive because the 
tumor infi ltrates into the adjacent cancellous 
bone, beyond the apparent radiographic margins 
[ 37 ]. The most conservative treatment is removal 
of the tumor after careful study of the CT scans 
followed by peripheral ostectomy. Escalation of 
the surgical procedure to marginal resection fol-
lowed by reconstructive surgery might be manda-
tory depending on tumor size and pattern of 
expansion, yet a 15 % recurrence rate still occurs. 
The other types of unicystic ameloblastoma (i.e., 
the luminal and intraluminal) are treated as “con-
ventional” cysts by enucleation and close follow-
up as recurrence rates of 10–20 % were 
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reported [ 37 ]. Additional types of rare odonto-
genic tumors in a periapical location were pub-
lished, either as single-case reports or as part of 
case series on periapical infl ammatory lesions, 
and these include adenomatoid odontogenic 
tumor, calcifying cystic odontogenic tumor, ame-
loblastic fi broma, squamous odontogenic tumor, 
calcifying epithelial odontogenic tumor, and 
odontogenic myxoma [ 38 ,  40 ,  56 ,  57 ]. Part of 
these reported lesions were not accompanied 
with photomicrographs of the histopathological 
fi ndings, so that the accuracy of the diagnoses 
cannot be always confi rmed.

   In conclusion, the key to an accurate diagnosis 
in case of a periapical lesion, even if it looks to be 
of infl ammatory nature, is the collection of all 
available clinical data and radiographic fi ndings 
and suffi cient follow-up period in those doubtful 
cases.  

    Bone Tumors and Diseases 

 This is a diverse group of lesions of varied etiolo-
gies; we will presently focus on two entities that 
radiologically have features of a radicular cystic 

lesion, namely, central giant cell granuloma 
(CGCG) and fi bro-osseous lesions. 

 CGCGs appearing as small periapical lesions 
constituted 9 % of all examined CGCG cases 
( N  = 75) in one study [ 58 ]. Furthermore, the larg-
est retrospective study on CGCG ( N  = 79) found 
in a periapical location (PA-CGCG) revealed 
that 20 % of the lesions were associated with 
teeth with necrotic pulps and that the majority 
of these necrotic teeth had been endodontically 
treated [ 59 ]. In addition, PA-CGCG was encoun-
tered in patients older than 30 years of age, 
while the non-PA- CGCG is usually diagnosed in 
younger patients; ~50 % of the PA-CGCGs were 
in the posterior area of the mandible; in regard 
to the PA-CGCG found in the maxilla, there 
was a similar distribution between the anterior 
and posterior areas. Single cases of PA-CGCG 
or small case series were also reported [ 38 ,  40 , 
 60 – 62 ]. All these studies emphasized the need 
for careful analysis of the radiographic fi nd-
ings in order to decide the lesion-tooth sup-
porting structures relations, both at the initial 
presentation and during the follow-up period, 
if teeth were  endodontically treated in equivo-
cal cases. Whenever surgical specimens are 

a b

  Fig. 2.2    A case of KCOT mimicking a periapical lesion. 
( a ) The radiograph shows a radiolucent lesion in the peri-
apical region of the left upper lateral incisor that is non-
corticated and defi ned in the lower portion; however, in 
the upper portion there is a notion of blurred margins. ( b ) 
The hematoxylin- and eosin-stained slides showed a 

 cystic lesion lined by stratifi ed squamous epithelium with 
parakeratin showing a slightly corrugated surface. The 
epithelium is of regular width and shows a palisading 
arrangement of the basal nuclei ( arrow ). These histopath-
ological features are consistent with keratocystic odonto-
genic tumor (KCOT). Original magnifi cation ×200       
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taken,  submission to microscopic evaluation is 
mandatory. A case of CGCG mimicking a peri-
apical lesion is seen in Fig.  2.4 . CGCGs are 
usually treated by thorough curettage although 
recurrence rates of 11 % and up to 50 % were 
reported, with the higher values being attributed 
to those lesions that are defi ned as biologically 
aggressive and which are characterized by a ten-
dency to recur, especially in young patients [ 37 ]. 
Recurrent CGCGs may be treated by curettage 
or by a more radical surgical approach, depend-
ing on the clinical fi ndings, with optional addi-
tion of different pharmacological agents.

   Fibro-osseous lesions of the focal or periapi-
cal type [focal cemento-osseous dysplasia 

(FCOD) and periapical cemental dysplasia 
(PCD)] can be confused with PAGs/PACs in their 
early, radiolucent stage [ 63 ,  64 ], although, at 
least PCD, rarely affect only one tooth. Whenever 
diagnosis based on clinical and radiographic 
information is doubtful, biopsy of the periapical 
lesion should be considered before starting a 
redundant endodontic treatment.  

    Miscellaneous Rare Lesions That May 
Mimic Periapical Lesions 

 This subgroup includes cases of traumatic bone 
cyst [ 65 ,  66 ], central schwannoma [ 67 ,  68 ], and 

a b

dc

  Fig. 2.3    A case of a “periapical” unicystic ameloblas-
toma ( a ) In 2002, an asymptomatic periapical lesion 
showing a corticated, round-shaped radiolucency at the 
apical area of the fi rst right molar. ( b ) In 2005, the lesion 
continued to grow. ( c ) 2013 – a root canal treatment was 
performed; however, the lesion continued to grow. ( d ) 
Histopathologically, a cystic lesion is seen. The lining epi-
thelium shows a basal layer of columnar cells with hyper-

chromatic nuclei with reverse polarity arranged in a 
palisading pattern highlighted in the  inset  with an  arrow . 
The rest of the epithelial cell layers have an appearance 
reminiscent of stellate reticulum. There is a mild chronic 
infl ammatory infi ltrate. The histopathological features are 
consistent with a unicystic ameloblastoma, luminal type. 
Original magnifi cation ×200       
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lymphangioma [ 69 ]. The likelihood that what 
seems to be a periapical infl ammatory lesion 
could actually represent a malignant lesion is 
very low but should be considered when it is clin-
ically accompanied by numbness or other sen-
sory disturbances [ 70 ]. 

 In conclusion, radiolucent periradicular 
lesions involving non-vital teeth or endodonti-
cally treated teeth usually represent an infl amma-
tory process of a granuloma or a cyst and in some 
rare cases healing by scar tissue. However, after 
excluding the possibility of anatomical structures 
that may resemble a radicular pathosis, lesions of 
non-endodontic origin should be considered in 
the differential diagnosis, especially if the clini-
cal signs and symptoms are suggestive of these 
alternative entities. 

 When a non-endodontic-related pathology is 
suspected based on the patient’s medical history, 
anamnesis, and clinical and radiographic evalua-
tion, the practitioner should determine the 
 probability for pathology of non-endodontic origin 
(Table  2.1 ). In regard to radiographic fi ndings that 
are assumed to carry a low-risk for non-endodontic 
origin, routine endodontic management with a rig-
orous follow-up is advised. However, radiographic 
fi ndings suspected of having a high risk for non-
endodontic origin, a multi-disciplinary approach 
including consultation with the primary care dental 
surgeon and/or oral and maxillo-facial surgeon 
and/or oral radiologist, is advised.
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        Endodontic Surgery 

 There is no absolute or generally accepted defi -
nition of endodontic surgery. In this chapter, we 
decided to use the following defi nition: endodon-

tic surgery is perceived as any method to reach, 
diagnose and treat the root canal and periradicu-
lar region of a tooth by means of surgical access 
through the oral mucosa and bone surrounding 
the affected tooth. 

 There are four main categories of indications 
for performing such a procedure:
    1.    To explore the periradicular tissues in order to 

make a proper diagnosis   
   2.    To drain a periapical abscess in order to relieve 

symptoms of pain or swelling   
   3.    To get access to and treat a previously 

untreated root canal   
   4.    To get access to and treat a previously root- 

fi lled root canal     

    Abstract 

 The fi rst part of this chapter is concerning cases of exploratory surgery. 
The section about alleviation of symptoms of apical periodontitis focuses 
on drainage. Indications for endodontic surgery in cases of ongoing root 
canal treatment are discussed. A method for retrograde root canal treat-
ment in case of diffi cult orthograde access is presented. The discussion 
about root-fi lled teeth without unsatisfactory healing results occupies 
lion’s share of this chapter. Special attention is given to the controversies 
of “success” and “failure” in endodontics. Factors that generally point to 
a surgical approach to endodontic retreatment are examined. The meaning 
of informed consent is in particular focus. This chapter ends up with an 
examination of the medical considerations, which is the basis for the risk 
assessment of the individual patient compulsory before any endodontic 
surgery.  
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 In the following, each category will be dis-
cussed separately. Medical considerations of 
endodontic surgery are addressed in the conclud-
ing part of this chapter.  

    Diagnostic and Exploratory 
Endodontic Surgery 

 There are a few situations where the clinician 
decides to enter the periradicular tissues in order 
to investigate and examine to make a correct 
diagnosis and at the same time implement an 
appropriate surgical procedure. 

    A Root-Filled Tooth That Is Painful 
to Palpation but Without Other Signs 
of Apical Periodontitis 

 As many as 9 % of the teeth have shown to have 
small window-like openings or defect in the alve-
olar plate of the bone, frequently exposing a por-
tion of the root, usually located on the facial 
aspect of the alveolar process [ 36 ,  66 ]. These 
fi ndings have been confi rmed by a recent cone 
beam computed tomography (CBCT) analysis on 
patients with periradicular defects of endodontic 
origin [ 82 ]. 

 Pain associated with the presence of apical 
fenestration may occur after root canal treatment 
[ 9 ,  60 ]. Even slight instrumentation, irrigation or 
fi lling beyond the apical terminus of the root 
canal may irritate the periosteum and the overly-
ing mucosa. The tooth may be spontaneously 
sensitive only occasionally, but pain is usually 
perceived during palpation of the area and masti-
catory movements. When elevating a fl ap over a 
suspicious root tip area, the operator hence could 
expect to fi nd a root tip without covering cortical 
bone. The treatment consists of removing all 
pathological tissue, a root resection, an ultrasonic 
tip preparation and a root-end fi lling. Special 
attention should be done to foreign bodies such 
as pieces of bone or root and gutta-percha or 
sealer that sometimes are found embedded in the 
undersurface of the fl ap.  

    A Root-Filled Tooth with a Suspicion 
of Vertical Fracture or Pathology 
Other than That of Endodontic Origin 

 Vertical root fracture may mimic periodontal dis-
ease or a persistent apical periodontitis with an 
endo-perio lesion [ 84 ]; these cases often result in 
referral to a periodontist or endodontist for 
evaluation. 

 Newer methods of analysis are currently being 
studied, such as cone beam computed tomogra-
phy, in order to help identify longitudinal frac-
tures in a non-destructive fashion [ 45 ]. However, 
when there is doubt about the diagnosis and when 
the fracture cannot be visualized either on radio-
graphs or clinically despite the use of an operator 
microscope, there is an indication for an explor-
atory surgery. 

 The only predictable treatment is removal of 
the fractured root or extraction of the tooth. In 
multirooted teeth, removal of the fractured root 
may be performed by root amputation (root 
resection) or hemisection (see Chap.   2    ). 

 Caution during endodontic diagnosis is man-
datory, because periapical diseases of non-
endodontic origin can mimic the more common 
infections of endodontic origin [ 19 ,  20 ,  22 ,  42 , 
 67 ,  69 ]. If there is a slightest suspicion of disease 
of nonendodontic origin, a surgery to remove the 
lesion with subsequent submission for histopath-
ological evaluation is required and compulsory. 
The records should indicate the size, colour, loca-
tion and any other characteristics that might be 
useful for the pathologist (see Chap.   2    ).   

    To Drain a Periapical Abscess 
in Order to Relieve Symptoms 
of Pain or Swelling 

 Pulpal and periapical pathology is evolving as 
a response to microbiological challenges and 
mainly as a consequence to dental caries. As 
long as the substantial part of the pulp remains, 
vital signs of apical periodontitis are usually 
not evident either clinically or radiographically. 
Infl ammation in the pulp can many times be 
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reversed in its early stages if it is properly treated 
by withdrawal of the causes of infl ammation and 
protected by proper fi lling materials. But in many 
situations, pulpal infl ammation will be irrevers-
ible and continue and spread throughout the entire 
pulpal space. This process can be quick or slow 
and be accompanied by toothache (symptomatic 
pulpitis) but can also be painless. As the pulp 
becomes necrotic, the microbiota of the mouth 
will invade the necrotic pulpal tissue. Outside 
the root canal system and close and adjacent to 
the foramina, the host defence will develop an 
infl ammatory reaction, i.e. apical periodontitis. 
One of the main features of apical periodontitis 
is the appearance of an osteolytic area due to the 
increased activity of osteoclasts. In early stages 
the loss of mineral is not enough to be detected in 
traditional (i.e. intraoral) radiographs. However, 
eventually a more or less clearly visible periapi-
cal radiolucency will develop. Most infl amma-
tory periapical lesions associated with an infected 
necrosis of the root canal system prevail without 
clinical or subjective signs (pain, tenderness, fi s-
tulae or swelling). However, symptomatic apical 
periodontitis may develop spontaneously or in 
conjunction with a root canal treatment (end-
odontic fl are-up). The symptoms may be associ-
ated with or without a soft tissue swelling. The 
swelling can be categorized into two different 
types, an abscess or cellulitis. 

    Apical Abscess 

 An apical abscess may develop rapidly and be 
extremely painful. A pressure builds up in the 
periodontal space or in the bony lesion of 
the affected tooth by the accumulating pus. 
As the amount of pus is increasing, the abscess 
may eventually perforate the cortical bone and 
mount up under the periosteum. In this stage a 
distinct clinically visible intra- or extraoral, or 
both, swelling may well have manifested. On 
palpation, a subperiosteal abscess often feels 
hard and very tender. As the process proceeds, 
the abscess breaks through the periosteum and is 
amassed in the mucosal tissue. After this event, 

the pain is usually alleviated but swelling may be 
 substantial. On palpation the lesion fl uctuates. 
The position of the swelling may vary but is usu-
ally in direct proximity to the affected tooth. In 
this situation, there may be an indication for inci-
sion for drainage. The objective is to establish a 
communication between the internally pressur-
ized infl amed and infected tissue and the oral 
cavity (or sometimes extraoral) in order to allevi-
ate patients’ symptoms and prevent spread of 
infection to anatomical spaces. Spread of an 
infection may, occasionally, lead to life-threaten-
ing conditions that demand immediate hospital 
care. In particular, abscesses that may spread to 
the sublingual space and lead to elevation of the 
tongue followed by occlusion of the airways or 
towards the eye and ophthalmic vein, which in 
turn is in contact with the brain through the cav-
ernous sinus, are of concern.  

    Cellulitis 

 While the term abscess is used for a localized col-
lection of pus, cellulitis is the term that refers to 
a disseminated oedematous spreading of infl am-
mation through the connective tissues and fascial 
planes. The typical clinical feature of cellulitis 
with endodontic origin is diffuse swelling of 
facial and cervical tissues. The condition is usu-
ally a sequel of an apical abscess and may or may 
not be accompanied by systemic symptoms such 
as fever and malaise.  

    Drainage 

 Based on the pathophysiological background of 
apical periodontitis, the traditional “ubi pus, ibi 
evacua” holds for a rule of thumb. When pus is 
accumulated in the tissues due to a necrotic or 
sometimes previously treated and root-fi lled 
tooth, drainage is an option that always should 
be considered. As an alternative to surgical inci-
sion of an abscess, drainage through the root 
canal of the affected tooth may fi rst be taken into 
account.  
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    Drainage Through the Root Canal 

 Trying to obtain drainage through the root canal 
is a potential opportunity in every situation of 
symptoms from the apical tissue. Even if the 
patient has not developed any clinically observ-
able swelling, pus may have accumulated in the 
apical tissues and exert a pressure that can be 
remedied by leaving the area via the root canal. 
But even if the patient has developed a clear 
clinical observable abscess or swelling is more 
diffuse, a trepanation and instrumentation of the 
tooth sometimes lead to spontaneous pus drain-
age from the root canal. After diagnostic proce-
dures, the involved tooth is identifi ed. If the root 
canal treatment (RCT) is considered suitable as a 
fi rst choice, it is important to consider any time 
constraints. If RCT is going to be carried out, the 
protocol should hold same level of high quality 
(appropriate access, aseptic technique, working 
length determination, instrumentation of root 
canals, rinse with antimicrobial substance and 
preferably applying an intracanal dressing and 
temporary restoration) as in any case of RCT. 
At times drainage occurs immediately when the 
pulp chamber is exposed. In other cases, drain-
age starts when root canal instrumentation is 
initiated or proceeds. Sometimes drainage can 
be obtained by carefully bypassing the api-
cal foramen using a thin root canal instrument. 
However, great care should be taken in order to 
avoid over- instrumentation. Therefore only thin 
fi les with apical sizes ISO 06–20 should be used. 
Otherwise, the procedure may jeopardize the 
endodontic prognosis in long term. If an abundant 
amount of pus does drain from the root canal, it 
may be tempting for the clinician to leave the 
root canals open for a couple of days. However, 
many endodontists hesitate to such a procedure 
because of the severe contamination problem and 
the potential of endangering the possibilities to 
healing because of the establishment of a more 
resistant microbiota. A better approach may be 
to let the patient sit or lie down for 15–30 min 
in order to facilitate the apical tissue pressure. 
Depending on the amount of drainage obtained 
from the root canal system during the initiated 
RCT, the clinician can either choose to refrain 

from further attempts to create drainage or add 
a surgical incision. If RCT was considered not 
feasible, surgical incision may also be the only 
active measure.  

    Drainage Through Surgical Incision 

 The indication for a surgical incision is quite 
clear if the swelling of the soft tissues is well 
localized and fl uctuant, indicating a submucosal 
abscess. However if the swelling is still localized 
but feels hard and nonfl uctuant on palpation, 
hence indicating a subperiosteal position of the 
pus, many clinicians show reluctance to incise 
since concern exists as to the risk of causing 
spread of microorganisms and worsening of the 
condition. In many situations, however, the clini-
cian may have diffi culties in distinguishing 
between a true submucosal or subperiosteal 
abscess, and incision may be attempted even if an 
obvious fl uctuant abscess is not present. The lack 
of scientifi c evidence on this issue leaves the cli-
nician to adhere to his or her clinical experience 
and judgement [ 68 ] (Fig.  3.1 ).

        To Get Access to and Treat a 
Previously Untreated Root Canal  

    A Continuously “Weeping” 
Root Canal  

 A root canal treatment can usually be completed 
in one or two visits. However, there are situations 
in which a root canal treatment is diffi cult to ter-
minate and close because the root canal system or 
surrounding tissues continue to give clinical 
signs of ongoing severe infl ammation. Two dif-
ferent situations can easily be recognized. 

 The fi rst is when the root canal despite proper 
root canal treatment continues to fi ll up with 
serous exudate, pus or blood. The clinician might 
have postponed the root fi lling procedure several 
weeks or even months using an intracanal dress-
ing with calcium hydroxide. Despite these 
attempts, when opening the tooth, it is still 
impossible to achieve a dry root canal. Under 

P. Jonasson and T. Kvist



23

such  circumstances, there is an indication to get 
surgical access to the periradicular tissues before 
root canal obturation. Two different strategies 
may be considered. If the procedure is not fore-
seen to be too complicated or time-consuming, 
the surgical access and root canal fi lling can be 
accomplished in one treatment session. The fi rst 
step is to expose the infl amed periapical region 
by surgical means. The granulation tissue or 
radicular cyst present in the bony crypt is 
removed, and before suturing the fl ap, the root 
canal is exposed preferably under normal asepti-
cal considerations (rubber dam, sterile instru-
ments). The surgeon covers the wound with the 
fl ap without suturing. The root canal is cau-
tiously irrigated with a low concentration of 
sodium hypochlorite and possibly EDTA. 
Immediately after fi nishing the irrigation the 
canal is dried and root fi lled with gutta-percha 
and sealer. Overfi ll of the canal is of minor con-
cern since any excess of root fi lling material eas-
ily can be removed from the apical area during a 
fi nal cleaning of the apical area before suturing 
the fl ap. As an alternative, the root canal may be 
fi lled with gutta-percha with a retrograde root 
fi lling technique (see under Situations of unfa-
vourable access through the crown). One other 
option is that after removal of the periapical 
pathology, the root end is fi lled with an MTA 
plug and the root canal is left with a temporary 
dressing with calcium hydroxide. The permanent 
root fi lling procedure is postponed until a later 
visit (preferably when the soft tissues have 

healed and sutures have been removed, usually 
1–6 weeks after surgery). 

 In other situations clinical signs of apical peri-
odontitis, i.e. fi stulae, swelling or pain, do not alle-
viate or cure despite a diligent and proper root 
canal treatment. The root canal is dry and without 
signs of remaining infection inside the accessible 
parts of the root canal. In such a situation, it is con-
sidered an option to fi nalize orthograde root canal 
treatment and plan for an additional surgical access.  

    Situations of Unfavourable Access 
Through the Crown 

 Orthograde access to the root canal system in 
abutment teeth or in teeth with signifi cant root 
canal calcifi cation may pose risks for complica-
tions. An extensive drilling to identify and nego-
tiate the canal system through the crown may 
lead to extensive loss of tooth substance and 
undermine the abutment and consequently cause 
prosthodontic failure [ 44 ,  47 ]. The use of the 
operating microscope obviously makes these 
procedures more predictable and less daring [ 37 ]. 
But still, a surgical approach as a primary end-
odontic treatment on specifi c indications may 
mean a less invasive procedure and fewer risks of 
complications [ 35 ,  56 ]. 

 After a conventional method to endodontic 
surgical intervention, the canal is enlarged and 
cleaned with Hedstroem fi les held in a haemostat 
or with ultrasonic preparation. The root canal is 

  Fig. 3.1    Drainage of pus from a periapical abscess may be obtained through the root canal or by a surgical incision       
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cautiously irrigated during the preparation with 
a low concentration of sodium hypochlorite and 
EDTA. Following instrumentation, the canal is 
dried with paper points and fi lled with sealer, 
thermoplasticized gutta-percha and a matched 
single cone of gutta-percha (Fig.  3.2 ). In cases 
where only a limited part of the canal can be 
explored, alternative materials such as MTA 
(mineral trioxide aggregate) can be considered 
for the retrograde fi lling (Fig.  3.3 ). Surgical root 
canal treatment may primarily be considered 
for incisors and canines and in some two-rooted 
premolars. However, retrograde access varies 
between patients and in different parts of the jaws. 
The feasibility of retrograde root canal treatment 
should therefore carefully be investigated preop-
eratively, both clinically and radiographically.

    In case reports, it has been shown that surgical 
root canal therapy has good potential to result in 
clinically and radiographically healthy periapical 
tissues [ 35 ]. Yet, there are no studies published 
which systematically compared the outcome of 
surgical root canal treatment with a conventional 
treatment protocol. Such studies are now being 
carried out [ 34 ].   

    To Get Access to and Treat a 
Previously Root-Filled Root Canal  

 A root canal treatment can be considered closed 
as the tooth receives a permanent root fi lling. 
Postoperative discomfort sometimes occurs, 
but after a short period most teeth become 

a b c d

  Fig. 3.2    Left central incisor with apical periodontitis and 
abutment tooth in a bridge. ( a ) Preoperative radiograph, 
( b ) the root canal was instrumented with hand fi les in a 

haemostat, ( c ) postoperative radiograph with retrograde 
root canal fi lling with sealer and warm gutta-percha tech-
nique, ( d ) 1-year postoperative radiograph       

a b c d

  Fig. 3.3    Successful outcome of a surgical root canal treat-
ment of a right central incisor with a root canal oblitera-
tion and apical periodontitis after trauma. ( a ) Preoperative 
radiograph, ( b ) the tip of the root-resected central incisor 

with an extensive root canal calcifi cation, ( c ) postopera-
tive radiograph with a limited retrograde fi lling with MTA 
due to canal obliteration, ( d ) healing after 1 year       
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 asymptomatic. Normally the tooth is restored 
with a fi lling or crown as soon as possible. 

    Successful Root Canal Treatments 

 For a root canal treatment to be considered com-
pletely successful in the long term, it requires not 
only that the tooth is functional and asymptom-
atic. When the root-fi lled tooth is examined clini-
cally and radiographically, it should also be free 
of clinical signs of infl ammation showing normal 
surrounding bony structures. If radiographic 
signs of infl ammation persist, although presently 
asymptomatic, it is likely that the root-fi lled tooth 
is containing bacteria or other microorganisms. 
Pain and swelling may thus reoccur. The tooth 
may also be a source of infectious agents spread 
both locally and to the body’s organs.  

    Failed Root Canal Treatments 

 When root-fi lled teeth cause pain and swelling, it 
is usually a sign of infection. Similarly, chronic 
clinical fi ndings at the root-fi lled tooth in the 
form of redness, tenderness and fi stulas are signs 
of the presence of microbiota in the root-fi lled 
tooth. 

 In these situations it is usually relatively 
straightforward to diagnose a persistent, recur-
rent or arising apical periodontitis. The treatment 
result is classifi ed as a “failure”. There is an obvi-
ous indication for a new treatment intervention, 
retreatment or extraction of the tooth (or some-
times only a root). 

 However, a common situation is that the 
root- fi lled tooth is both subjective and clini-
cally asymptomatic, but an X-ray reveals that 
bone destruction has emerged or that the origi-
nal bone destruction remains. In cases where 
no bony destruction was present when the root 
canal treatment was completed, and in particular 
in cases of vital pulp therapy, it can be reason-
ably assumed that an infection has set in the root 
canal system. For teeth that exhibited clear bone 
destruction at treatment start, there must be some 
time allowed for healing and bone formation to 

occur. One diffi culty is to determine how long is 
the time required for such a healing process, both 
in general and in the particular case. The major-
ity of root canal-treated teeth with bone destruc-
tion in the initial situation show signs of healing 
within 1 year [ 57 ]. In individual cases, how-
ever, the healing process can last for a long time 
[ 11 ,  72 ]. Molven et al. [ 46 ] has reported isolated 
cases requiring more than 25 years to completely 
heal. The fi nding that there are no absolute time 
limits as to when healing may occur can also be 
deduced from epidemiological studies [ 38 ].  

    Controversies of “Success” 
and “Failures” of Root Canal 
Treatment 

 Besides the time aspect, there is also a problem of 
determining what should be considered as a suf-
fi cient healing of bone destruction to constitute 
successful endodontic treatment. And as a conse-
quence also, what establishes a “failure” and 
hence an indication for retreatment is far from 
unambiguous. According to the system launched 
by Strindberg [ 72 ], the only satisfactory post-
treatment situation, after a predetermined healing 
period, combines a symptom-free patient with a 
normal periradicular situation. Only cases fulfi ll-
ing these criteria were classifi ed as “successes” 
and all others as “failures”. In academic environ-
ments and in clinical research, this strict criteria 
set by Strindberg in 1956 has had a strong 
position. 

 However, the diagnosis of periapical tissues 
based on intra oral radiographs has repeatedly 
unmasked considerable inter- and intraobserver 
variation [ 63 ]. 

 As an alternative, the periapical index 
(PAI) scoring system was presented by 
Orstavik et al. [ 58 ]. The PAI provides an ordi-
nal scale of fi ve scores ranging from “healthy” to 
“severe periodontitis with exacerbating features” 
and is based on reference radiographs with veri-
fi ed histological diagnoses originally published 
by Brynolf [ 10 ]. In this doctoral dissertation, the 
radiographic appearance of periapical tissue was 
compared with biopsies. The results  indicated 
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that using radiographs, it was possible to dif-
ferentiate between normal states and infl amma-
tion of varying severity and that the likelihood 
of a correct diagnosis improved if more than 
one radiograph were taken. However, the studies 
were based on a limited patient spectrum, and the 
biopsy material was restricted to the upper ante-
rior teeth. Among the researchers, the PAI is well 
established and it has been used in both clinical 
trials and epidemiological surveys. Researchers 
often transpose the PAI scoring system to the 
terms of Strindberg system by dichotomizing 
score 1 and 2 to “success” and score 3, 4 and 5 
into “failure”. However, the “cut-off” line is arbi-
trary and comparisons between the two systems 
for evaluation are lacking in the literature. The 
Strindberg system, with its originally dichoto-
mizing structure into “success” and “failure”, has 
achieved status as a normative guide to clinical 
action. Consequently, when a new or persistent 
periapical lesion is diagnosed in an endodonti-
cally treated tooth, failure is at hand and retreat-
ment (or extraction) is indicated. 

 However, as early as 1966, Bender et al. 
[ 7 ] suggested that an arrested size of the bone 
destruction in combination with an asymptom-
atic patient should be suffi ciently conditions for 
classifying a root canal treatment as endodontic 
success. More recently, Friedman and Mor [ 23 ] 
as well as Wu et al. [ 81 ] have suggested similar 
less strict classifi cations of the outcome of root 
canal treatment. 

 Uncertainties regarding the validity of the 
radiographic examination [ 8 ,  13 ,  55 ] are also of 
concern. For obvious practical and ethical rea-
sons, only a limited number of studies have com-
pared the histological diagnosis in root-fi lled teeth 
with and without radiographic signs of pathology 
[ 3 ,  10 ,  28 ]. In these studies, false-positive fi nd-
ings (i.e. radiographic fi ndings indicate apical 
periodontitis while histological examination does 
not give evidence for infl ammatory lesions) are 
rare. False-negative fi ndings (i.e. radiographic 
fi ndings indicate no apical periodontitis while 
histological examination does give evidence for 
infl ammatory lesions) vary in the different stud-
ies. However, it is well known that bone destruc-
tion and consequently apical periodontitis may 
be present without  radiographic signs visible in 

intraoral radiographs (Bender and Seltzer 1961, 
reprinted in  Journal of Endodontics  [ 5 ,  6 ]). 

 The advent of cone beam computed tomog-
raphy (CBCT) has attracted much attention in 
endodontics in recent years. In vitro studies on 
skeletal material indicate that the method has 
higher sensitivity and specifi city than intraoral 
periapical radiography. The higher sensitivity is 
confi rmed in clinical studies. The major disadvan-
tages of CBCT are greater cost and a potentially 
higher radiation dose, depending on the size of the 
radiation fi eld being used. However, one benefi t 
of the CBCT method is that it is relatively easy to 
apply. Moreover it provides a three- dimensional 
image of the area of interest, an advantage when 
assessing the condition of multirooted teeth. And 
the uncertainty of assessing results of endodontic 
treatment in follow-up using conventional intra-
oral radiographic technique has been pointed out 
[ 80 ]. Consequently, it has been suggested that 
CBCT should be used in clinical studies, because 
of the risk that conventional radiography under-
estimates the number of unsuccessful endodontic 
treatments. However, it may be important not to 
jump into conclusions since long-term studies 
are required to investigate if healing of periapical 
bone destruction may take longer than previously 
assumed. For example, at 1-year postendodontic 
treatment follow- up, CBCT can show persisting 
bone destruction, while a conventional intraoral 
radiograph shows healing [ 14 ]. This question is 
highly relevant and should be addressed in future 
research.  

    Prevalence of Failed Root Canal 
Treatments 

 The presence of subjective or clinical signs of 
failed root canal treatment is only occasionally 
reported in published follow-ups. The results are 
measured thus exclusively through an analysis of 
X-rays [ 52 ]. In epidemiological cross-sectional 
studies of periapical disease, the frequency of 
periapical radiolucencies in root-fi lled teeth var-
ies between 25 and 50 % [ 18 ]. When periapical 
bone destruction is considered as a treatment 
failure and an indication for a new intervention, 
the potential retreatment cases are numerous. 
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An estimate of the prevalence of endodontic fail-
ure cases resulted in 1.7–3.6 million in Sweden, 
3.3–7.1 million in Australia and 54–117 million 
in the USA [ 21 ]. The high frequency of root-fi lled 
teeth with periapical bone destructions seems to 
persist despite that the technical quality of root 
fi llings has improved over time [ 24 ,  59 ].  

    Consequences of Apical Periodontitis 
in Root-Filled Teeth 

 Little is known about the frequency of persistent 
pain in root-fi lled teeth. From the available data 
in follow-up studies from university or specialist 
clinics, in a systematic review, the frequency of 
persistent pain >6 months after endodontic pro-
cedures was estimated to be 5 % [ 51 ]. The risks 
of persistent asymptomatic apical periodontitis 
in root-fi lled teeth is not yet very well known. A 
large majority of lesions remain asymptomatic 
with only small alteration in radiographically 
detectable size. It is known that this often silent 
infl ammatory process sometimes turns acute with 
development of local abscesses that have the 
potential for life-threatening spreading to other 
parts of the body. However, the incidence and 
severity of exacerbation of apical periodontitis 
at root-fi lled teeth have met only scarce atten-
tion from researchers. Based on epidemiological 
data Eriksen [ 18 ] has estimated the risk of inci-
dence of painful events at 5 % per year. Even 
lower risk (1–2 %) was reported from a cohort 
of 1032 root- fi lled teeth followed over time by 
Van Nieuwenhuysen et al. [ 79 ]. In a report from a 
university hospital clinic in Singapore, fl are-ups 
in non-healed root-fi lled teeth occurred only in 
5.8 % over a period of 20 years. However, less 
severe pain was experienced by another 40 % 
[ 83 ]. There have also been studies conducted in 
order to investigate if infl ammatory processes of 
endodontic origin have an impact on the inci-
dence of cardiovascular disease, but the results 
are contradictive [ 12 ,  15 ,  25 ]. 

 Regarding the reason for referrals to specialist 
clinics, one study showed the main reason to be 
cases with an already root-fi lled tooth, followed 
by inability to control pain or to decide the cor-
rect diagnosis [ 29 ]. An Australian study found 

similar results, but with management of pain and 
technical diffi culties outweighing the retreatment 
cases [ 1 ].  

    Variation in Clinical Decisions 
Regarding the Failed Root 
Treatments 

 The diagnostic diffi culties, timing, the question 
of what should be regarded as healthy and dis-
eased and several other factors partly explain the 
large variation among dentists regarding retreat-
ment decision-making. This situation has been 
highlighted in numerous publications in recent 
years [ 40 ,  41 ,  62 ,  70 ]. From the bulk of investiga-
tions conducted, it stands clear that the mere 
diagnosis of apical periodontitis in a root-fi lled 
tooth does not consistently result in decisions for 
retreatment among clinicians. Theoretically four 
options are available. If retreatment is selected 
the decision-maker also has to make a choice 
between a surgical or nonsurgical approach:
•    No treatment  
•   Monitoring  
•   Extraction  
•   Retreatment

 –    Nonsurgical  
 –   Surgical        

    Patient Values 

 Given equal information and similar diagnostic 
fi ndings, dentists will not invariably make the 
same clinical decision of a root-fi lled tooth with 
apical periodontitis. Neither will different 
patients choose the same clinical management 
despite identical information about apical peri-
odontitis or any other disease by that matter. Both 
doctors’ and patients’ values will infl uence the 
decision-making process. The concept of value 
has many aspects, but it is reasonable to suppose 
that there is a close connection between an indi-
vidual’s values and his or her preferences and 
value judgements. The concept of personal val-
ues in clinical decision-making about apical peri-
odontitis has been explored among both dental 
students and specialists by Kvist and Reit [ 39 ]. 
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Substantial interindividual variation was regis-
tered in the evaluation of asymptomatic apical 
periodontitis in root-fi lled teeth. From a subjec-
tive point of view, some patients will benefi t 
much more from endodontic retreatment than 
others. 

 Today patient autonomy is widely regarded as 
a primary ethical principle, emphasizing the 
importance of paying attention to the values and 
preferences of the individual patient.  

    Informed Consent 

 In the clinical situation, the requirement of 
respect for individual autonomy and integrity is 
managed through the concept of informed con-
sent. The requirement that a medical or dental 
action should be preceded by informed consent is 
deemed very important in medical ethics [ 4 ]. 

 The informed consent has two components: 
information and consent. But it is not enough that 
a patient has received written or oral information 
and then provided an informed consent. The 
patient must have accepted and understood the 
information and not only received it. All the rel-
evant aspects of the situation should be informed 
about in a relevant way. It is also important that 
the patient has not misunderstood something he 
or she thinks is important for the decision. The 
dentist should not only convey information but 
also need to ensure that the information is cor-
rectly understood. In order to take a position in an 
independent way in a choice situation, the patient 
must be informed about the meaning of the alter-
natives, have understood the information and be 
free to choose, i.e. not be subjected to compul-
sion, or in such a position of dependence that the 
free informed choice becomes an illusion. 

 In a modern dental surgery, there are many 
situations that can hamper patient’s ability to 
acquire and rationally process the information 
given. The environment may seem daunting and 
lead to both anxiety and worry, which can blur a 
generally well-functioning sense and judgement. 
To ascertain that the patient understands the 
information may thus be diffi cult. It is therefore 
important that the dentist is attentive to both ver-
bal and non-verbal expressions. 

 Since many facts about the consequences of 
asymptomatic apical periodontitis in root fi lled 
are unknown, it is important that patients are free 
to choose what option they prefer. At the same 
time, one must have realistic expectations of the 
patient’s ability to understand and evaluate the 
options – this can vary greatly between individu-
als. For patients who want to have full control 
over the decision, doctors should make sure to 
make this possible, but one must also allow the 
patient to hand over a part of decision-making if 
he or she so wishes. A professional reception of 
each individual patient at the dentist’s offi ce cre-
ates a seedbed for high confi dence that the patient 
can feel safe with both for the decision-making 
and the treatment. 

 The medical ethical debate about informed 
consent is concerned not only on how informa-
tion should be handled but also the forms of con-
sent. In everyday clinical practice, an oral consent 
is normal and also appears naturally. A written 
agreement could be seen as well formal and 
might also get the patient to wonder what kind of 
exceptional measures that require such formali-
ties. However, in many countries and in research 
contexts, it is quite common or even compulsory 
with written informed consent documentation. 

    Information About Treatment 
 One patient in the dental care can hardly be 
expected to have knowledge and understanding 
of all the factors that can and should be taken into 
consideration before a clinical decision about 
endodontic surgery. The patient has the right to 
know what the treatment entails, how risky and 
painful it is and what impact it is likely to bring 
with them to undergo treatment and to refrain 
from it. This implies a corresponding require-
ment for dental staff to ensure that this informa-
tion is provided and that it is done in a way that 
the patient can actually understand. In practice, 
of course, there is a limit to how detailed the 
information can and should be. As long as the 
choice of methods, equipment and materials to 
carry out an endodontic surgery is considered as 
the standard, there is no reason to go into small 
details. If the patient asks many questions about 
the equipment and methods, this can be an 
expression of concern or, at worst, distrust rather 
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than a genuine desire for more detailed informa-
tion. As important as providing answers to all the 
questions then it is to try to establish or re-estab-
lish trust. The patient should be able to rely on 
dentist’s knowledge based on science and proven 
experience and that they follow both the techno-
logical and scientifi c developments in the fi eld. 
They should also be confi dent that the dentist has 
the best for the patient as their primary goal.  

    Information About Risks 
 For completeness of the information something 
must be said about the risks associated with 
the suggested treatment and about refraining 
from treatment. In this particular case, this is 
complicated signifi cantly due to the fact that evi-
dence is lacking about how the untreated apical 
periodontitis affects individuals both locally and 
systemically. 

 There are two basic aspects of risk: some kind 
of negative consequence and the probability that 
it will occur. The negative consequence or injury 
may be more or less severe. The most serious 
negative consequences in health care, including 
dentistry, are life-threatening. Such consequences 
are also highly unusual in dental practice includ-
ing surgical procedures. 

 It is clearly important to inform the patient in 
the case of relatively high probability of severe 
consequences (if any treatments at all should be 
carried out), while it seems unimportant to com-
municate very unlikely minor damages. In many 
other cases, it is diffi cult to know how to do. If 
there had been only advantages to inform there 
would have been no reason to hesitate. What 
complicates the matter is that information in 
itself can cause injury. First, risk information may 
cause anxiety, and it can make patients refrain 
from treatments because of unrest despite that the 
risks otherwise would be reasonable to accept. 
This is why there may be reason to wonder, for 
example, whether to communicate a very small 
likelihood of great harm. Primarily because it is a 
concern from dentist’s point of view to  promote 
patient’s oral health, but also from the autonomy 
perspective, it is sometimes questionable whether 
such information should be given. The fear of an 
unlikely but serious injury may counteract the 
ability of the patient to rationally refl ect on the 

options and come to an autonomous decision. 
Exactly what considerations that should be made 
are debatable. How much and what to inform 
varies with the situation and who is the patient. 
Some patients prefer not to know the risks unless 
it is clearly relevant. The dentist needs to know 
in advance both those who are keen to get infor-
mation and those who would prefer to avoid. If 
the patient visited the practice on a regular basis 
for several years and is well known, it may be 
possible for the dentist to give properly balanced 
information. But as in the case of endodontic sur-
gery, where many patients have been referred to 
an endodontist or oral surgeon specifi cally for 
this treatment, the dentist is lacking this knowl-
edge of the patient. Being in this situation, to ask 
the patient if he or she wants risk-related infor-
mation does not work well because the patient 
will then easily conclude that the caregiver has 
important risk information because otherwise he 
or she would not have asked.  

    Information on Costs 
 When deciding about a tooth in need of endodon-
tic surgery the economic aspect of the treatment 
is often one, if not decisive, then at least very 
important factor. Since surgical endodontics does 
not require the dismantling of functional prosth-
odontics constructions, it is often a less expensive 
alternative for the patient. But the costs of both 
surgical and nonsurgical treatment of course vary 
both in different countries between operators 
and between countries with different systems of 
reimbursement by insurance. It is important that 
information about the costs and possible reim-
bursement by insurance are correct and that it 
does not change.  

    Information and Manipulation 
 When the patient is informed about the facts 
regarding diagnoses, treatment options, risks 
and costs, he or she must be allowed to choose 
what she or he wants to do in the given situa-
tion. The individual has a right not to be forced 
or  manipulated to undergo medical or dental 
 treatments. However, it is diffi cult to imagine that 
the dentist can completely avoid the infl uence. 
The positive approach to good oral and dental 
health and, in this particular case, the importance 
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of restoring periapical health are likely to affect 
the patient to some degree. One might think that 
it is also reasonable, since good periapical health 
is in the interests of the patient. Here, there is an 
important balancing act so that patient autonomy 
is not compromised. The endodontist or oral sur-
geon must develop sensitivity to patients’ varying 
values and preferences. Particularly important is 
the responsiveness if the patient’s ability to exer-
cise their autonomy is compromised.  

    Authorized Informed Consent 
 Many patients lack all or part of the capacity for 
autonomous decision-making. It may involve 
children, mentally ill, mentally retarded or 
demented individuals. It is important to remem-
ber that these patients have the right to be treated 
with care and respect. A fruitful way to address 
the challenge of information and consent for 
these patients is to allow them to exercise their 
autonomy as best they can, and otherwise let 
them express their willingness or unwillingness 
to cooperate. 

 In the absence of the ability to understand, to 
take a stand and to make decisions, the informed 
consent can be authorized to a close relative or 
another person close to the patient.  

    Summary 
 Social development has led to the conclusion that 
we are currently seeing the patient’s right to 
autonomous decision-making as an integral part 
of both dental care and other health services. 
Procedures for obtaining informed consent play a 
key role in safeguarding this right. In the context 
of endodontic surgery, informed consent means 
that the patient after having been informed of and 
understand the relevant aspects of the offered sur-
gical procedure may determine whether to say 
yes or no to the dentists’ suggestion of treatment. 
The information shall include a description of the 
course of treatment, the pros and cons of the sur-
gery, and what it costs. Whether to perform a 
retreatment or not is a complex decision-making 
situation. Many factors have to be considered. 
For the dentist who made the diagnosis and who 
is about to suggest a treatment, both biological 
considerations and the potential and limitations 
of different options have to be deliberated. 

Equally important are the preferences of each 
individual patient. The subjective meaning of the 
situation will vary among patients. Only the 
patient is the expert on how he or she feels about 
keeping a tooth with or without retreatment or 
perhaps extracting it, which symptoms are toler-
able, which risks are worth taking and what costs 
are acceptable.   

    Surgical or Nonsurgical Retreatment 

 There is insuffi cient scientifi c support to deter-
mine whether surgical and nonsurgical retreat-
ment of root-fi lled teeth give systematically 
different outcomes, both short and long term, 
with respect to the healing of apical periodonti-
tis or tooth survival [ 16 ,  73 ,  76 ]. In routine clini-
cal practice, a number of factors infl uence the 
choice of treatment. For example, the size of the 
bone destruction, the technical quality of previ-
ous treatment, accessibility to the root canal, 
future restorative requirements of the tooth and 
the availability of various types of special equip-
ment are briefl y discussed below. Although 
future comparative studies may provide valuable 
general information, clinical decisions in every 
individual case will still have to be made on the 
basis that the conditions applied to every case are 
unique. 

    The Size of the Bone Destruction 
 Apical periodontitis may develop into cysts [ 49 ]. 
Periapical cysts are classifi ed as “pocket cysts” 
or “true cysts”. In case of a pocket cyst, the cyst 
cavity is open to the root canal and consequently 
it is expected to heal after proper conventional 
root canal treatment. The cavity of a true cyst, 
on the other hand, is completely enfolded by 
epithelial lining which may make it nonrespon-
sive to any intracanal treatment efforts. Thus it 
is supposed that true radicular cysts have to be 
surgically resected in order to heal [ 48 ]. There is 
no scientifi c evidence to clinically determine the 
histological diagnosis of the periapical tissue in 
general, and in particular there is no method to 
distinguish between pocket cysts and true cysts 
[ 65 ]. However, cysts are expected to be more pre-
dominant among big bone destructions [ 50 ].  
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    The Technical Quality of the Previous 
Treatment 
 In cases of non-healed apical periodontitis, the 
quality of the initial root treatment is often poor, 
which is frequently refl ected in the technical qual-
ity of the root fi lling [ 24 ,  53 ]. In molars the reason 
for treatment failure may be associated with 
untreated canals [ 32 ]. In many cases therefore a 
nonsurgical retreatment should be considered. In 
particular this is the case when access is not hin-
dered by a crown and post. Since there is convinc-
ing fi ndings that the quality of the restoration also 
plays a signifi cant role for the periapical status in 
root-fi lled teeth, the clinician should always have 
a critical look at the restoration [ 26 ,  61 ]. If resto-
ration is of poor quality, it may jeopardize the 
results of an endodontic surgery [ 2 ,  86 ]. 

 The obvious objective for a nonsurgical 
retreatment is to treat previously untreated parts 
of root canal system and thus improve the qual-
ity of root canal fi lling. With the help of mod-
ern endodontic armament, this is often possible 
to achieve. Studies have shown that nonsurgi-
cal retreatment performed by skilful clinicians 
results in good chances of achieving periapical 
healing [ 27 ,  54 ]. 

 Several authors have argued that the result of 
endodontic surgery is dependent of a good qual-
ity of the root fi lling and consequently argued 
that any endodontic surgery should be preceded 
by a nonsurgical retreatment. The benefi ts of this 
treatment concept must nevertheless be ques-

tioned. No clear evidence exists of the benefi t of 
this approach, and it would moreover, if used 
orderly, lead to the execution of an insignifi cant 
amount of unnecessary surgeries. In many cases 
the nonsurgical treatment would be suffi cient to 
achieve healing of the periapical tissues.  

    Accessibility to the Root Canal 
 Root-fi lled teeth are often restored with posts and 
crowns and are frequently used as abutments for 
bridges and other prosthodontic constructions 
which have to be removed or passed through in 
case of a nonsurgical retreatment. In cases where 
the quality of restorations is adequate, therefore, 
the more complex the restoration, the more 
appealing an endodontic surgery approach. Even 
without hindering restorations, a preoperative 
analysis of the case may reveal intracanal ledges 
or fractured instruments that already preopera-
tively make the accessibility to the site of the 
residual infection questionable [ 27 ]. 

 On the other hand, also access to the site of 
infection by endodontic surgery can also be 
judged to imply major diffi culties. In particu-
lar, surgery involving mandibular molar roots 
as well as palatal roots of the maxillary teeth 
sometimes offers signifi cant operator challenges. 
Preoperative CBCT scans help the surgeon to 
plan the intervention or sometimes to refrain and 
choose a nonsurgical approach or even consid-
ering extraction and a different treatment plan 
[ 64 ,  78 ] (Fig.  3.4a–h ).

  Fig. 3.4    ( a – h ) Persistent apical periodontitis in tooth 37. 
Abutment in a full arch bridge. Referred for endodon-
tic surgery. CBCT shows diffi cult surgical access and a 

 possible untreated mesiobuccal canal. Orthograde retreat-
ment performed           

a b 
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Fig. 3.4 (continued)
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       Future Restorative Requirements 
of the Tooth 
 Before considering retreatment of a previously 
root-fi lled tooth, there is a need for a careful 
deliberation of the overall treatment plan. In 
many cases, the issue is rather straightforward. It 
might concern a single tooth, restored with a post 
and a crown of fully acceptable quality but with 
an ensured diagnosis of persistent apical peri-
odontitis. The objective is to cure the disease and 
to “save” the tooth and its restoration in the long 
term. In other situations, when complete mouth 
restorations are planned to “build something 
new”, the strategic use of teeth, non-root fi lled as 
well as root fi lled, and dental implants to mini-
mize the risk of failure of the entire restoration 
must be the fi rst priority [ 85 ]. Long-term follow-
 up studies of teeth that have undergone surgical 
or nonsurgical retreatment are rare [ 71 ].  

    The Availability of Various Types 
of Special Equipment 
 Both endodontic surgery and nonsurgical retreat-
ment techniques are often technically diffi cult, 
and the results that can be attained are very much 
dependent on the professional skills of the opera-
tor as well as his or her opportunity to modern 
equipment. Modern surgical endodontic  treatment 
requires the use of magnifi cation devices, pref-
erably a dental operative microscope. Using the 
microscope, it has become easier to identify the 
root tip and to perform resection of the root with 
minimal bevel. Under the high magnifi cation and 
illumination of the microscope, the resected root 
surface can be examined for canal fi ns, isthmi 
and lateral canals. 

 With the aid of an ultrasonic tip, these exits 
for the microorganisms can be instrumented 
and cleaned to a depth of at least 3–4 mm 

e

g h

f

Fig. 3.4 (continued)
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and  sometimes signifi cantly longer [ 77 ]. Finally 
with high precision, a root-end fi lling can accu-
rately be placed to seal the root end [ 14 ]. Cases 
considered for endodontic surgery therefore 
might benefi t from being referred to a specialist 
or an  experienced colleague with special interest 
and training in modern endodontic surgery.   

    Medical Considerations 
in Endodontic Surgery 

 Attention for the patient’s life and overall health 
must always have the highest priority in all health 
care including dentistry. Consequently, consider-
ation of medical risks is of overarching impor-
tance when planning for endodontic surgery. It is 
a good clinical practice at all times and especially 
for patients with fragile general health to con-
sider orthograde treatment to an endodontic 
problem rather than surgery. Conventional end-
odontics usually involves a minor medical burden 
on the individual compared to surgery. If end-
odontic surgery still is the fi rst choice in a patient 
with serious medical conditions, it may be advan-
tageous to delay the surgical endodontic treat-
ment until other diseases have been medically 
treated and conditions are stabilized. 

 A careful medical history is mandatory before 
all types of dental interventions. If the patient has 
diffi culty accounting for their health status or that it 
appears there are medical factors that would com-
plicate treatment, a contact should be established 
with the treating physician. For each treatment, a 
risk assessment must be performed and it is a cru-
cial part of the treatment planning. An overall esti-
mate of medical risk of a patient can be made due 
to the physical status classifi cation system adopted 
by the American Society of Anesthesiologists 
(ASA) in 1962 with a modifi cation in fi ve catego-
ries to the dental treatment situation [ 43 ].
   ASA I  
  Patients are considered to be normal and healthy. 

Patients are able to walk up one fl ight of stairs 
or two level city blocks without distress. Little 
or no anxiety.  

  Little or no risk for treatment.   

   ASA II  
  Patients have mild to moderate systemic disease 

or are healthy ASA I patients who demon-
strate a more extreme anxiety and fear towards 
dentistry. Patients are able to walk up one 
fl ight of stairs or two level city blocks but will 
have to stop after completion of the exercise 
because of distress.  

  Minimal risk during treatment.  
  Examples: History of well-controlled disease 

states including non-insulin-dependent diabe-
tes, prehypertension, epilepsy, asthma or thy-
roid conditions; ASA I with a respiratory 
condition, pregnancy, and/or active allergies.  

  May need medical consultation.   
   ASA III  
  Patients have severe systemic disease that limits 

activity, but is not incapacitating. Patients are 
able to walk up one fl ight of stairs or two level 
city blocks, but will have to stop en route 
because of distress.  

  If dental care is indicated, stress reduction proto-
col and other treatment modifi cations are 
indicated.  

  Examples: History of angina pectoris, myo-
cardial infarction, cerebrovascular accident, 
congestive heart failure over 6 months ago, 
slight chronic obstructive pulmonary disease 
and controlled insulin-dependent diabetes or 
hypertension.  

  May need medical consultation.   
   ASA IV  
  Patients have severe systemic disease that limits 

activity and is a constant threat to life. Patients 
are unable to walk up one fl ight of stairs or 
two level city blocks. Distress is present even 
at rest. Patients in this category pose a signifi -
cant risk. Medical treatment must have prior-
ity over planned dental treatment. Whenever 
possible, elective dental care should be post-
poned until such time as the patient’s medical 
condition has improved to at least an ASA III 
classifi cation. Examples: History of unstable 
angina pectoris, myocardial infarction or cere-
brovascular accident within the last 6 months, 
severe congestive heart  failure, moderate to 
severe chronic obstructive pulmonary disease, 
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uncontrolled diabetes, hypertension, epilepsy, 
thyroid condition and extremely elevated 
hypertension.  

  Medical consultation is indicated.   
   ASA V  
  Patient is moribund and not expected to survive.  
  Dental treatment is defi nitely contraindicated.  
  Examples: End-stage renal, hepatic, infectious 

disease or terminal cancer.      

   Conditions and Situations of 
Special Attention in Endodontic 
Surgery 

    Risk of Spread of Infection 

 In areas with acute infections, surgical interven-
tions should be limited to drainage of abscesses 
and be carried out to relieve symptoms and 
reduce the risk for spreading. More invasive 
surgical treatments might further exacerbate the 
emergency situation and cause spread of infec-
tion to other tissues and organs. Hence, endodon-
tic surgery should only be performed once the 
infection is under control. 

 The frequency of bacteraemia is estimated 
to be between 20 and 100 % after oral surgical 
procedures [ 30 ,  74 ,  75 ]. It has been surmised 
that at least in healthy individuals, the bacteria 
are scavenged from the bloodstream relatively 
quickly within minutes up to 1 h by the innate 
and adaptive defence mechanisms. Due to the 
potential of microorganisms entering the blood 
to colonize tissues or artifi cial surfaces, antibiot-
ics are prescribed to certain risk groups in some 
countries. However it must be emphasized that 
bacteraemia with oral microorganisms frequently 
occurs after daily activities such as tooth brush-
ing and chewing. Even for endocarditis and late 
prosthetic joint infections, there is no consensus 
among experts on the need for prophylaxis and 
little scientifi c basis for the recommendations. 
The emerging trend seems to be to avoid the pro-
phylactic use of antibiotics in conjunction with 
dental treatment unless there is a clear individual 
risk analysis and indication.  

    Tumours in Jaws 

 On suspicion of benignant or malignant jaw 
tumours adjacent to the area, endodontic sur-
gery will be performed; a diagnosis should fi rst 
be established by an extended examination with 
X-ray and biopsy. 

 Previous high-dose irradiation to the head and 
neck may have affected the blood vessels of the 
jaws and as a consequence reduced the blood sup-
ply to the actual surgical site in the mandible [ 33 ]. 

 An irradiated bone must always be treated 
with caution, as there is a risk of later developing 
osteoradionecrosis. Therefore, if possible, dental 
evaluation and necessary treatment should be a 
standard of care before irradiation, and question-
able teeth should be removed. In case where end-
odontic surgery is considered after irradiation, 
more accuracy in considerations must be made 
based on an increased risk of postoperative infec-
tions and poor healing potential. 

 It may be considering prescribing prophylac-
tic antibiotic, improving oral hygiene prior to 
surgery, minimizing the invasive interventions, 
limiting the use of agents for haemostasis control, 
reducing the time for surgery and more thoroughly 
cleaning of the surgical site before suturing.  

    Increased Risk of Bleeding 

 Patients treated with antiplatelet and anticoagu-
lant agents may have an increased bleeding time 
and risk of intraoperative and postoperative 
haemorrhage complications. 

 Even though several antiplatelet and anticoagu-
lant agents have been developed in recent years, 
acetylsalicylic acid (ASA) and warfarin are the stan-
dard drugs for preventing vascular diseases [ 17 ]. 

 Stopping these drugs before a procedure 
exposes the patient to vascular problems with the 
potential for signifi cant morbidity. The activity 
of anticoagulants is expressed using the interna-
tional normalized ratio (INR). For an individual 
not taking anticoagulant or antiplatelet drugs, 
the normal coagulation profi le is an INR of 1.0. 
Patients on medication have an optimal INR of 
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2.5 (range 2.0–3.0) that minimizes the risk of 
haemorrhage and thromboembolism [ 31 ] during 
the surgical procedure. 

 Patients with haemophilia or impaired liver 
function need special attention and should always 
be treated in close collaboration with a haema-
tologist and hepatologist.  

    Immune System Defi ciencies 

 There are several medical conditions and medica-
tions that cause a deterioration of the immune sys-
tem, by the lack of white blood cells or the inability 
of a patient to produce antibodies. A differential 
count of white blood cells (leukocytes) gives an 
indication on whether the body will sustain an infec-
tion. Besides the number of cells, also blood cell 
differentiation and function are important to evalu-
ate before surgery in immunocompromised patients. 
Those advanced analyses and assessments must be 
made by the physician who is responsible in treating 
the patient for his or her underlying disease.      
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        Introduction 

 Surgical endodontic treatment may be indicated 
for teeth with apical periodontitis, when a non-
surgical re-treatment is impractical or unlikely 
to improve the previous results. Clinicians have 
long recognized more variations in outcome 
of endodontic surgery compared with that of 
 nonsurgical endodontic treatment. For example, 
the success rate of endodontic surgery ranged 
from 19.40 % [ 1 ] to 96.8 % [ 2 ], whereas the 

 success rates of nonsurgical root canal treat-
ment were reported to be 68–85 % [ 3 – 5 ]. For 
this reason, endodontic surgery has been consid-
ered a less predictable and preferred method than 
nonsurgical endodontic treatment for both clini-
cians and patients. The variations in outcome of 
endodontic surgery may be due to be the differ-
ences in outcome criteria in each of the studies. 
However, the variations can still be observed 
even after the outcomes are reevaluated using an 
identical outcome criterion. 

 The greater opportunities available to address 
the etiology of apical periodontitis, facilitated by 
recent progress in the technical aspects of end-
odontic surgery, may explain the striking varia-
tions in outcomes of endodontic surgery among 
individual outcome studies. Indeed, a recent 
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 systematic review with a meta-analysis showed a 
striking difference in success rates between tradi-
tional endodontic surgery (TES) and endodontic 
microsurgery (EMS) [ 6 ]. In TES, root-end prepa-
ration was made with burs and root-end fi lling 
with amalgam with the aid of low-power mag-
nifi cation (0× to 4× loupes), whereas in EMS, 
root- end preparation was made with ultrasonics 
and root-end fi lling with intermediate restorative 
material (IRM) or ethoxybenzoic acid (EBA) or 
mineral trioxide aggregate (MTA) with the use 
of high-power magnifi cation (10× and higher) 
[ 6 ]. The pooled success rate of EMS was 94 %, 
whereas that of TES was 59 % in the system-
atic review [ 6 ]. Interestingly, great advances in 
our armamentarium and techniques for nonsur-
gical therapy have not been translated into out-
come improvements as signifi cantly as surgical 
endodontic therapy [ 6 – 11 ]. It is perhaps due to 
already favorable outcomes of nonsurgical end-
odontic treatment compared to those of TES. It is 
also likely due to the diffi culty in disinfecting the 
anatomically complex root canal system during 
the nonsurgical endodontic treatment compared 
to less complicated anatomical structures that 
challenge the endodontic surgeon. 

 In this chapter, the variations in outcomes of 
endodontic surgery will be discussed by con-
trasting the differences between TES and EMS 
in addressing the etiology of posttreatment 
endodontic diseases and the prognostic factors 
affecting the various outcomes.  

    Outcome Assessment 

 How do we defi ne and evaluate the outcome of 
endodontic surgery? This question is critical for 
clinicians because if the outcome of endodontic 
surgery is not adequately assessed, it will lead to 
inaccurate postoperative clinical diagnosis and 
thus may result in an unnecessary treatment or 
failure to perform an adequate post-intervention 
treatment. Survival/nonsurvival and success/
failure are the most widely used outcomes in 
the endodontic literature for outcome assess-
ment. Survival is referred to as the presence 

of a tooth without any clinical symptoms. In 
 contrast,  success is defi ned as the presence of a 
tooth with no clinical signs and symptoms and 
the absence [ 12 ] or decrease [ 13 ,  14 ] in size of 
periapical radiolucency. Thus, it is reasonable to 
assume that survival rates are likely to be higher 
than success rates when outcome assessment is 
performed in the same group. Clinicians should 
base their clinical judgments on studies report-
ing success rather than survival if the outcome 
of a treatment is assessed from a perspective of 
wound healing, although survival/nonsurvival is 
considered useful when the outcomes of different 
treatment modalities are compared. 

 Common mistakes associated with outcome 
assessment include failure to evaluate clinical 
symptoms by clinical tests such as percussion 
and palpation or lack of radiographic interpreta-
tion at follow-up appointments. While a complete 
healing and unsatisfactory healing are easily 
discernible, clinicians may have diffi culties in 
distinguishing incomplete healing (scar tissue) 
from uncertain healing. Molven et al. [ 14 ] illus-
trated the four radiographic categories of healing 
based on the Andreasen and Rud’s classifi cation 
of healing [ 13 ]. Incomplete healing (scar tis-
sue), generally considered as success, shows no 
change or decrease in size of periapical radiolu-
cency without any clinical symptoms (Fig.  4.1 ). 
Radiographically, scar tissue has an irregular 
periphery and asymmetrical radiolucency around 
the root apex and often exists unassociated with 
the root. Uncertain healing shows a decrease 
in size of periapical radiolucency, that is, how-
ever, still larger than twice the width of normal 
periodontal ligament space (Fig.  4.2 ). It shows a 
circular or semicircular periphery and symmetri-
cal radiolucency around the root apex. Complete 
healing demonstrates complete bone repair with 
intact lamina dura and less than twice the width of 
normal periodontal ligament space with no clini-
cal symptoms (Fig.  4.3 ). Unsatisfactory healing 
shows no change or an increase in size of apical 
radiolucency (Fig.  4.4 ). Cases showing unsat-
isfactory healing are considered as failures and 
require immediate post-intervention treatments. 
If untreated, patients may experience continued 
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bone loss as well as other signs and symptoms 
such as pain, sinus tract, and swelling. The exten-
sive bone loss in these cases may  complicate 
future implant placement, which necessitates 
guided tissue regeneration or bone grafting after 
tooth extraction.

      Due to the dynamic nature of wound heal-
ing, clinicians should be aware that postopera-
tive diagnoses might change in some cases at 
different follow-up time points. Rud et al. [ 15 ] 
showed that based on the observation of 1,000 

endodontic  surgery cases, more than half of the 
cases with incomplete healing and uncertain 
healing underwent changes into other healing 
groups while almost all cases with complete 
healing and unsatisfactory healing remained 
unchanged. Notably, it was observed that these 
changes occurred mainly during the fi rst year 
after the surgery and remained stable after the 
4-year follow-up [ 15 ]. Therefore, clinicians are 
advised to have a 1-year follow-up as the fi rst 
time point for outcome assessment and also 

a b c

  Fig. 4.1    Incomplete healing (scar tissue). ( a ) Surgical 
bony defect after endodontic surgery. ( b ) Reduction in 
size of a periapical bony defect by bone formation from 

periphery. Note the irregular border of the defect. ( c ) 
Further reduction in size of the periapical bony defect. 
Note that the residual defect is not associated with the root       

a b  Fig. 4.2    Uncertain healing. 
( a ) Surgical bony defect 
after endodontic surgery. 
( b ) Reduction in size of a 
periapical bony defect by 
bone formation from 
periphery. Note that the size 
of the bony defect is larger 
than twice the width of 
normal periodontal 
ligament space       
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 recommended to have follow- ups up to 4 years 
in cases of uncertain healing before any further 
treatment is considered.  

    Etiology of Posttreatment 
Endodontic Diseases 

 The key to success of endodontic surgery is to 
identify and eliminate the origins or causes 
of apical periodontitis, which could not be 
addressed by nonsurgical root canal treatment. 
They include intraradicular infection and extrara-
dicular etiologies. 

    Can Intraradicular Infection Be 
Successfully Treated by Root-End 
Surgery? 

 Posttreatment endodontic diseases caused by 
intraradicular infection in most cases can be 
treated by nonsurgical endodontic re-treatment. 
Despite technical advances in our disinfection 
armamentariums, anatomically complex areas 
in root canals such as isthmuses and fi ns that 
potentially harbor pathogenic microorganisms 
are not easily accessible due to the limitations 
of our instrumentation techniques during non-
surgical therapy [ 16 – 20 ]. Iatrogenic errors 

a b c d

  Fig. 4.3    Complete healing. ( a ) Surgical bony defect after 
endodontic surgery. ( b ) Signifi cant reduction in size of a 
periapical bony defect by bone formation from periphery. 
Note that the size of the bony defect is no greater than 

twice the width of normal periodontal ligament space. ( c ) 
Complete bone fi ll without reestablishment of normal 
periodontal ligament space. ( d ) Complete bone fi ll with 
reconstitution of the periodontal ligament and lamina dura       

a b  Fig. 4.4    Unsatisfactory 
healing. ( a ) Surgical bony 
defect after endodontic 
surgery. ( b ) Increase in size 
of a periapical bony defect 
by bone resorption in 
periphery       
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such as canal transportation and separated 
instruments that impair thorough root canal 
disinfection may be another signifi cant factor 
contributing to failure of nonsurgical re-treat-
ment [ 21 ,  22 ]. 

 While endodontic surgery provides less oppor-
tunity to disinfect the entire root canal system 
than nonsurgical root canal treatment, in clinical 
situations where suffi cient intracanal preparation 
and sealing cannot be obtained, endodontic sur-
gery is a preferred alternative for teeth with api-
cal periodontitis.  

    Can Extraradicular Etiologies Be 
Successfully Eliminated by Root-End 
Surgery? 

 If the source of infection or the cause of apical 
periodontitis resides in extraradicular areas [ 23 –
 29 ], endodontic surgery is essential for healing. 
The strategy to cure apical periodontitis in these 
situations is rather straightforward. The elimina-
tion of the origin or cause of the periapical lesion 
by surgical debridement can lead to the resolu-
tion of apical periodontitis. 

 With the introduction of molecular methods 
to detect the microorganisms, a growing body of 
evidence exists to support the view that micro-
organisms exist in the extraradicular space [ 30 , 
 31 ]. The existence of biofi lms on the extraradic-
ular surfaces also has been clearly demonstrated 
in microscopic observational studies [ 27 ,  28 ]. 
Biofi lms can have up to 1,000 times more resis-
tance than their planktonic counterpart [ 32 – 34 ]. 
Foreign materials beyond the apical foramen 
may also cause persistent apical periodonti-
tis [ 35 ]. Lentil beans [ 36 ,  37 ], cellulose from 
paper points and cotton wool [ 38 ,  39 ], and small 
gutta-percha particles [ 40 ] may induce chronic 
infl ammatory reaction and foreign body reaction 
because these materials are not easily degraded 
by host immune cells [ 35 ,  41 ]. Cholesterols 
derived from dead host blood and immune cells 
and plasma lipids [ 42 ,  43 ] are endogenously 
induced but also cause similar infl ammatory 
reaction and result in persistent apical periodon-
titis (Fig.  4.1 ) [ 44 ,  45 ]. 

 The incidence of cysts in periapical pathosis 
varies greatly between 6 and 54 % [ 46 – 50 ], and 
it is generally agreed that cystic lesions are less 
likely to be resolved by nonsurgical endodon-
tic treatment [ 50 – 52 ]. A pocket cyst (bay cyst) 
where the cyst lumen is continuous with the 
root canal may resolve with nonsurgical root 
canal therapy [ 50 ,  53 ,  54 ]. On the other hand, 
a true cyst, which is not associated with root 
canals and is self-sustaining, is less likely to 
heal by nonsurgical endodontic treatment [ 50 , 
 53 ,  54 ].   

    Wound Healing After Endodontic 
Surgery 

 The knowledge of wound healing processes 
after endodontic surgery is fundamental to our 
understanding and evaluation of outcomes, 
because the outcomes are considered as clini-
cal refl ections of wound healing. Harrison and 
Jurosky [ 55 – 57 ] described soft and hard tissue 
healing in three basic types of surgical wounds 
including incisional, dissectional, and exci-
sional osseous wounds based on the histologi-
cal observations of surgical wound healing in 
rhesus monkeys. In incisional wounds involving 
fl ap tissues, fi brin clot formation was observed 
at day 1, multilayered epithelial tissue forma-
tion at day 2, granulation tissue formation 
involving collagen synthesis by fi broblasts at 
days 3–4, and subsequent replacement of granu-
lation tissues with fi brous connective tissues at 
days 14–28 [ 55 ]. Dissectional wounds includ-
ing mucoperiosteal tissues and cortical bones 
also showed chronologically similar wound 
healing processes. The formation of fi brin clots 
occurred at day 1, granulation tissues were 
formed at days 3–4, and a new periosteum along 
the cortical bones and fi brous connective tis-
sues was observed at day 14–28 [ 56 ]. In the dis-
sectional wounds, degenerative changes in the 
cortical bones were closely associated with the 
absence of periosteal tissues, suggesting a pro-
tective effect of the periosteum on cortical bone 
necrosis [ 56 ]. In excisional osseous wounds, the 
osteotomy site was fi lled with coagulums at day 
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1 and replaced by granulation tissues originating 
from peripheral endosteal tissues at day 4 [ 57 ]. 
At day 14, most of the wound site was occupied 
with endosteal tissues and newly formed woven 
bones, which were in contact with dense fi brous 
connective tissues demarcating between the 
wound site and the overlying fl ap tissues [ 57 ]. 
These dense fi brous tissues were thought to par-
ticipate in the periosteum reformation [ 57 ]. At 
day 28, increased maturation of woven bones 
and osteoid deposition on the surfaces of both 
cortical and trabecular bones were observed 
[ 57 ]. Clinicians should note that these healing 
events are expected to occur in surgical wound 
sites only if the etiological factors attributing 
to the  posttreatment endodontic diseases are 
addressed.  

    Technical Differences and Their 
Implications for Outcome 

 The scientifi c support of outcome variations in 
endodontic surgery can be found in the differ-
ent techniques employed in achieving disinfec-
tion and attaining an apical seal. Table  4.1  shows 
the main technical differences between TES and 
EMS and their implications.

   In reviewing these differences, the follow-
ing defi nitions will be used, which are generally 
adopted in the majority of outcome studies [ 6 , 
 58 ,  59 ]. The techniques of TES include root-end 

preparation with burs and root-end fi lling with 
amalgam or zinc oxide eugenol or Cavit TM  or 
gutta-percha without the use of the endoscope 
or microscope [ 15 ,  60 – 82 ]. In many instances, 
TES is also performed without any root-end fi ll-
ing materials [ 15 ,  62 ,  63 ,  65 ,  67 ,  68 ,  70 ,  72 ,  76 , 
 79 ,  82 ]. By contrast, EMS techniques include 
root- end preparation with ultrasonic or sonic 
tips and root-end fi lling with IRM or EBA or 
MTA with the use of the endoscope or micro-
scope [ 2 ,  83 – 91 ]. Due to insuffi cient or lack of 
magnifi cation, TES requires a larger osteotomy 
than EMS to locate the periapical lesion and 
resect the root which may infl uence the progress 
of healing [ 83 ]. In general, both TES and EMS 
eliminate extraradicular etiologies by similar 
surgical debridement techniques; however, great 
technical differences exist between TES and 
EMS in addressing the intraradicular infection. 
An adequate apical seal with root-end fi lling 
materials is critical to a long-term success of the 
root-end surgery. The root-end fi lling materials 
used in TES such as amalgam or temporary fi ll-
ing materials (zinc oxide eugenol or Cavit TM ) or 
burnished gutta-percha are inferior to those in 
EMS – MTA, EBA, IRM – in their sealing abil-
ity and biocompatibility [ 92 – 96 ]. Therefore, it is 
not surprising to see a gradual deterioration and 
relapse of apical periodontitis in initially healed 
cases after TES, leading to remarkable outcome 
differences between EMS and TES in long-term 
success.  

   Table 4.1    Technical differences between TES and EMS and their implications   

 Surgical procedure  TES  EMS  Implications 

 Osteotomy  Larger size  Smaller size  Healing time 
 Type of wound healing (repair
vs. regeneration) 
 Periodontal involvement 

 Root-end resection  Greater bevel (~45°)  Minimal bevel (0–10°)  Removal of etiological factors 
 Greater resection (>3 mm)  Minimal (~3 mm) 

resection 
 Tooth stability 

 Retrograde
preparation 

 Defi cient inspection of
resected root surface 

 Thorough inspection of
resected root surface 

 Removal of etiological factors 

 Altering original root
canal morphology 

 Respecting original root
canal morphology 

 Improper canal cleaning  Adequate canal cleaning 
 Root-end fi lling  No or inadequate apical seal  Adequate apical seal  Entombment of microorganisms 
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    Outcome Variations 
of Endodontic Surgery 

 The technical advantages conferred by EMS 
to address the etiological factors have signifi -
cantly improved the outcome of endodontic sur-
gery. Indeed, outcome studies published about 
a decade ago have shown signifi cantly higher 
success rates compared to those published more 
than two decades earlier [ 2 ,  60 – 68 ,  70 – 91 ]. 
Interestingly, outcome for nonsurgical root canal 
treatment has not been changed in this same time 
period [ 7 – 11 ]. As discussed above, the great 
technical differences that exist between TES and 
EMS to address intraradicular infection translate 
into great outcome differences. 

 There exists a variation in results of system-
atic reviews in regard to endodontic surgery. 
Torabinejad et al. [ 97 ] showed that the pooled 
success rate was 73.8 % with the weighted suc-
cess rate 75.0 % based on 6,647 teeth from 26 
studies. A recent systematic review by Tsesis 
et al. [ 59 ], however, showed that EMS had a 
pooled success rate of 89 % based on 1,576 teeth 
from 18 studies. Another systematic review by 
Tsesis et al. [ 58 ] reported that the pooled success 
rate of EMS was 91.6 % based on 880 teeth from 
11 studies. This signifi cant difference in success 
rates is attributed to the selection criteria of indi-
vidual systematic reviews. Torabinejad et al. [ 97 ] 
did not distinguish EMS from TES in their cri-
teria. Therefore, the pooled success rate in their 
systematic review [ 97 ] was inevitably lower than 
those in the systematic reviews of Tsesis et al. 
[ 58 ,  59 ] that included EMS only. 

 Naturally, there are fewer EMS outcome 
studies with long-term follow-ups than TES 
outcomes studies with long-term follow-ups. 
Therefore, when long-term success rates of end-
odontic surgery are reported, TES has more sta-
tistical weight on the long-term success rates. 
Indeed, Torabinejad et al. [ 97 ] showed that the 
pooled success rate was 77.8 % at 2–4-year 
follow- ups, which dropped to 71.8 % at 4–6-year 
follow-ups and further deteriorated to 62.9 % 
at more than 6-year follow-ups. Although lim-
ited in number, the EMS outcome studies with 
long- term follow-ups demonstrated that initial 

success rates remained high and fairly constant 
at +90 % over time [ 2 ,  83 – 91 ]. In contrast, the 
success rate of TES was initially ~69 % and fur-
ther declined to ~56 % in long-term follow-ups 
[ 60 – 82 ]. This noticeable variation was due to 
the limitations in addressing the intraradicular 
etiologies in TES. Interestingly, TES still had 
more than 50 % overall long-term success rates, 
perhaps due to its ability to eliminate the extr-
aradicular factors.  

    Prognostic Factors Affecting 
Outcome Variations 

 There are overt and hidden heterogeneities 
between outcome studies in the selection crite-
ria and study designs that potentially affect the 
outcome. Therefore, one should understand the 
potential prognostic factors that infl uence the out-
comes and, more importantly, how to assess the 
individual studies without bias. It is thought that 
many prognostic factors signifi cantly infl uence 
the outcomes. These factors must be reevaluated 
from the perspective of modern surgical tech-
niques in order to evaluate the outcome variations 
in current endodontic surgery. 

    Does Resurgery Have a Poorer 
Outcome than First-Time Surgery? 

 Peterson and Gutman [ 98 ] reported in their sys-
tematic review that only 35.7 % of 350 patients 
healed successfully after resurgery with 26.3 % 
uncertain and 38 % failed. This fi nding is con-
sistent with Gagliani et al. [ 99 ] who showed that 
teeth that underwent resurgery had a poorer out-
come compared to that of initial surgery, although 
this prospective study reported 76 % success rate 
(59 % complete healing and 17 % incomplete 
healing). Gagliani et al. [ 99 ] used a modern sur-
gical technique including ultrasonic tips, EBA as 
the root-end fi lling material, and 4.5× loupes to 
aid visibility. Another prospective clinical study 
by Song et al. [ 100 ] showed a 92.9 % success rate 
after endodontic resurgery based on 42 patients 
with a 77.8 % recall rate. Song et al. [ 100 ] used 
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ultrasonic tips and MTA and EBA as root-end 
fi lling materials with a surgical operating micro-
scope. The success rate in this study is equivalent 
to those of fi rst-time EMS and is thought to be 
due to the ability of EMS to address the causes 
of posttreatment endodontic disease. Therefore, 
resurgery may not be considered to affect the out-
come negatively if microsurgical techniques are 
used.  

    Does High-Power Magnifi cation 
Affect the Outcome of Endodontic 
Surgery? 

 Higher magnifi cation aids in identifying the 
etiology of persistent apical periodontitis and 
provide a more precise control of surgical pro-
cedures. Surgical operating microscopes and 
endoscopes are considered to be state-of-the-art 
magnifi cation tools for endodontic surgery. Any 
less magnifi cation and illumination is thought to 
be associated with the lower success rates in TES 
compared to EMS. However, it should be noted 
that in order to investigate the effect of magni-
fi cation on the outcome, magnifi cation should 
be the only variable to compare, while the other 
variables such as surgical techniques and materi-
als are controlled. Del Fabbro and Taschieri [ 101 ] 
reported that there was no signifi cant difference 
in success rates among loupes, endoscopes, and 
microscopes. Setzer et al. [ 102 ] performed a meta-
analysis based on 14 outcome studies, which 
applied the same ultrasonic root-end preparation 
and root-end fi lling with biocompatible materi-
als but different magnifi cation tools, and showed 
that endodontic surgery with the endoscope or 
the microscope had a statistically greater success 
rate than those with insuffi cient magnifi cation. 
Interestingly, this systematic review showed that 
no signifi cant difference was observed for ante-
riors and premolars, but there was a signifi cant 
difference for molar surgery [ 102 ]. This fi nding 
is perhaps due to the low statistical power during 
the subgroup analysis. However, it may be also 
due to the easier accessibility and less complex 
root-end intricacies in anteriors and premolars. A 

recent meta-analysis by Tsesis et al. [ 59 ] showed 
that signifi cantly higher positive outcomes were 
found when endoscopes or microscopes were 
used as a magnifi cation tool compared to when 
loupes were used. This result is consistent with 
von Arx et al. [ 103 ], who reported that teeth 
that underwent endodontic surgery with the use 
of an endoscope had a higher success rate than 
teeth without the use of an endoscope. Therefore, 
higher magnifi cation using the endoscope and 
microscope may be considered a prognostic fac-
tor that affects the outcome of endodontic sur-
gery positively.  

    Does the Type of Root-End Filling 
Materials Matter? 

 The limited root canal disinfection can be 
achieved in endodontic surgery by root-end resec-
tion and root-end preparation. Therefore, remain-
ing microorganisms in the root canal system may 
cause a recurrent apical pathosis if the apical seal 
is incomplete. In order to have an adequate api-
cal seal, proper root-end fi lling materials should 
be used. MTA and EBA appear to have a better 
sealing ability than amalgam and other fi lling 
materials such as Cavit and zinc oxide eugenol 
[ 92 ]. In addition, the depth of root-end fi lling is 
an important factor for an adequate apical seal 
and should be at least 3–4 mm when MTA is 
used as a root-end fi lling material [ 104 ,  105 ]. 
MTA was reported to also have better biocom-
patibility compared to EBA and amalgam [ 96 ]. 
These results from preclinical studies give us 
considerable insights into selecting root-end fi ll-
ing materials for endodontic surgery, but we do 
need clinical outcome studies to validate whether 
superior sealing ability and biocompatibility of 
MTA can translate into higher success rates com-
pared with other materials. In a systematic review 
by von Arx et al. [ 103 ], a signifi cantly higher 
estimated healed rate was found in studies using 
MTA (91.4 %) as compared to amalgam (57.9 %) 
and glass ionomer cement (51.2 %). Notably, no 
signifi cant differences in estimated healed rates 
were found among MTA, EBA (69.8 %), and 
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IRM (71.6 %) [ 103 ]. A meta- analysis by Tsesis 
et al. [ 59 ], however, showed that use of MTA 
was associated with signifi cantly higher success 
rates than the use of IRM or EBA, although MTA 
did not signifi cantly differ from EBA in success 
rates when studies with low risk of bias were 
selected and analyzed. A recent retrospective 
study by Song et al. [ 106 ] demonstrated a signifi -
cant difference between MTA and IRM, but no 
difference between MTA and EBA. In contrast, 
two randomized controlled study showed no sig-
nifi cant difference between MTA and IRM [ 85 , 
 107 ]. Clearly, there is no doubt as to the better 
clinical outcomes with MTA compared to other 
materials, although MTA, EBA, and IRM are 
considered clinically acceptable root-end fi lling 
materials. Therefore, the material selection for 
root-end fi lling is considered to affect the out-
come signifi cantly.  

    Does Periodontal Involvement 
Worsen the Outcome? 

 When the periapical lesion is limited to the api-
cal area, endodontic surgery with microsurgical 
techniques offers an excellent outcome as evi-
denced by the previous systematic reviews [ 6 , 
 58 ,  59 ]. However, when the periapical lesion 
becomes periodontally involved, the outcome of 
endodontic surgery may be compromised due to 
the unfavorable healing patterns characterized by 
the downgrowth of a long junctional epithelium 
and subsequent hindrance of bone formation and 
reattachment. Indeed, Kim et al. [ 87 ] showed that 
95.2 % of cases with isolated endodontic lesions 
were healed, but only 77.5 % of cases with peri-
odontal involvements were healed. A study of 
Skoglund and Persson using traditional surgical 
techniques showed that cases with total loss of 
buccal bone plates had a 37 % success rate [ 108 ]. 
Similarly, signifi cantly lower survival time was 
reported in cases with a large marginal bone loss 
(>4 mm from CEJ) [ 109 ]. Therefore, periodontal 
involvement in endodontic surgery is considered 
a prognostic factor that adversely infl uences the 
outcome.   

    Summary 

 Recent progress in the technical aspects of 
 endodontic surgery provides the opportunity to 
identify and address the etiology of apical peri-
odontitis. The striking variations in outcomes of 
endodontic surgery among individual outcome 
studies are primarily due to the different surgi-
cal techniques employed during endodontic 
microsurgery (EMS) and traditional endodontic 
surgery (TES). The technical difference between 
EMS and TES is translated into a signifi cant dif-
ference in success rates. Notably, the success rate 
in TES is shown to deteriorate over time, while 
the consistent success rate in EMS is observed. 
It should be kept in mind that covert heterogene-
ities among outcome studies such as the use of 
magnifi cation, type of root-end fi lling material, 
and presence of periodontal involvement may 
affect the outcome signifi cantly and contribute 
greatly to outcome variations.     
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        Introduction 

 Anesthesia is defi ned as “the loss of feeling or 
sensation as a result of an anesthetic agent to per-
mit diagnostic and treatment procedures” [ 1 ]. 

Dental practitioners use local anesthetic (LA) 
injections every day with infrequent reports of 
serious complications. However, local anesthesia 
administration could result in complications, 
ranging from mild discomfort for the patient to 
catastrophical results and even death [ 2 ]. In addi-
tion, patients that are afraid of dental treatments 
are likely to show psychogenic reactions to the 
LA administration [ 3 ,  4 ]. 

 LA agents block the infl ow of sodium ions 
and neuronal depolarization. Modern LA agents 
are weak bases whose molecules  consist of a 

    Abstract 

 Anesthesia is the loss of feeling or sensation as a result of an anesthetic 
agent and is an integral part of any endodontic surgical procedure. In cer-
tain cases, local anesthesia (LA) administration may result in complica-
tions, ranging from mild discomfort for the patient to catastrophical results 
and even death. 

 The complications following LA in endodontic surgery may be regional 
or systemic and may be related to the local anesthetic itself or to the sup-
plementary vasoconstrictor. Severe systemic complications following LA, 
such as bronchospasm, seizure, anaphylactic shock, or cardiovascular 
complications, are rare but may have severe implications on the patient’s 
general health. Regional LA complications, such as insuffi cient anesthe-
sia, hematoma, and soft-tissue injuries, are more common, may cause 
severe discomfort for the patient, and may alter the ability to achieve the 
surgical goals. 

 The most important steps in managing untoward reactions to LA are the 
following: adopt a clinical practice aimed to prevent possible complica-
tions, diagnose the problem promptly when it does occur, treat it if neces-
sary, and reassure the patient.  
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lipophilic portion (an aromatic ring) and a hydro-
philic element (a secondary or tertiary amine) 
linked by an amide chain. The amine group 
makes it possible for the molecule, in ionized 
form, to be soluble in water and to act on specifi c 
receptors, and when in non-ionized form, it is 
soluble in fat and therefore able to cross the 
membranes within the nerve [ 3 ,  4 ]. 

 Complications following LA in endodontic 
surgery can be classifi ed into two major groups: 
systemic complications and regional complica-
tions. The systemic complications may be further 
divided to systemic reactions to the local anes-
thetic itself and to systemic reactions to the 
vasoconstrictor.  

    Systemic Complications 

 Severe systemic complications following LA 
are possible bronchospasm, seizure, and ana-
phylactic shock [ 2 – 6 ]. There are relatively few 
contraindications for the use of LA when it is 
used with vasoconstrictors, such as unstable 
angina, recent myocardial infarction, recent 
coronary artery bypass arrhythmia, severe 
uncontrolled hypertension, heart failure, 
uncontrolled hyperthyroidism, uncontrolled 
diabetes, thyrotoxicosis, cortico-dependent 
asthma, and pheochromocytoma [ 3 ]. In certain 
cases patients with any of the abovementioned 
conditions should be treated only in the general 
hospital settings (see “ASA classifi cation” in 
Chap.   3    ). 

 Systemic complications may occur because of 
excessive dosage, rapid absorption, or inadver-
tent intravascular injection [ 5 ]. 

 The anamnesis and thorough medical history 
assessment is mandatory before considering end-
odontic surgery. More than 45 % of dental 
patients will have one or more concomitant dis-
eases in their medical histories and about 20 % of 
all patients will suffer from cardiovascular dis-
eases or allergies [ 6 ], while in the elderly patient 
the numbers are even higher [ 7 ]. 

 Allergic reactions have to be well differenti-
ated from psychogenic reactions, since psycho-
genic reactions can often mimic allergic reactions 
with same cardiovascular symptoms such as 
tachycardia and hypotension as well as concomi-
tant nausea, dizziness, sweating, or hyperventila-
tion [ 6 ]. 

    Systemic and Allergic Reactions 
to the Local Anesthetic Itself 

 Adverse reactions to LA such as tachycardia, 
hypotension, and subjective feelings of 
 weakness, heat, or vertigo are common and are 
mostly due to their pharmacological properties 
and drug combinations or psychogenic origin 
[ 8 ]. 

 Allergic accidents to LA itself are infrequent 
[ 8 ], and the incidence of true allergy to local 
anesthetics is rare,   other ingredients in LA prepa-
rations such as preservatives, or latex contami-
nants, need to be considered. 

 Most allergic reactions after the use of LA 
may be due to substances used as preservatives 
such as methylparaben, in commercial prepara-
tions of ester and amide local anesthetics. 
Preservatives are structurally similar to amino-
benzoic acid, the common metabolite of the ester 
class and a known potential allergen. Thus, most 
cases of allergy involve agents from the ester 
class [ 9 ]. 

 Practical management of patients with a his-
tory of LA reaction includes a careful allergy 
history and skin-prick and intradermal tests 
[ 10 ]. 

 Patients with histories of adverse reactions 
to local anesthesia may be under the impression 
that they are allergic to local anesthetics. 
However, the frequency of allergy to local anes-
thetics is less than 1 %. Local anesthetics are 
some of the rarest drug allergens; however, 
allergy tests of local anesthetics should be per-
formed in patients in whom it is uncertain 
whether they are allergic [ 11 ].  
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    Systemic Toxicity of Local 
Anesthetics 

 Accidental direct intravascular injection of the 
anesthetic solution may cause systemic toxicity 
due to an elevated plasma concentration of the 
anesthetic drug. Absorption of the LA from the 
site of injection leading to excess plasma concen-
tration is more rare [ 9 ]. 

 The extent of systemic absorption depends on 
the following: the LA dose, the vascularity of the 
injection site, the presence of vasoconstrictor (the 
vasoconstrictor decreases the systemic absorp-
tion of the LA), and the chemical properties of 
the drug. The central nervous system (CNS) and 
the cardiovascular system are involved owing to 
the systemic toxicity of the LA [ 9 ]. 

 All LA can cause  central nervous system  ( CNS ) 
 toxicity  (manifested as anxiety, restlessness, 
tremor, and death that may occur due to respira-
tory failure) or  cardiovascular toxicity  (due to 
arteriole vasodilation and hypotension), if their 
plasma concentrations are increased by accidental 
intravenous injection or an absolute overdose [ 5 ]. 

 The best clinical approach to toxicity due to LA 
is prevention and simple means, such as aspiration 
via the needle before injection, and addition of epi-
nephrine that can increase the safety of the LA [ 9 ].  

    Systemic Reactions to 
Vasoconstrictor 

 The use of vasoconstrictor has been widely 
 recommended for endodontic surgery to achieve 
prolong depth and duration of anesthesia, and to 
control bleeding [ 3 ,  4 ]. Increases in blood pressure 
(BP) are common during endodontic surgery and 
is infl uenced by anxiety, and painful stimuli. 
However, a controversy exists regarding the infl u-
ence of vasoconstrictors on blood pressure and 
heart rate (HR) [ 12 – 15 ]. 

 Matsumura et al. [ 12 ] found that dental surgery 
using local anesthesia caused signifi cant increases 
in systolic BP and pulse rate, and the increase in 

systolic BP was greater in middle- aged and older 
patients.    Zarei et al. [ 13 ] compared the anesthetic 
effi cacy of and HR changes after periodontal liga-
ment or intraosseous X-Tip injection in mandibu-
lar molars and found that epinephrine-containing 
local anesthetics result in dose-dependent 
increased circulating epinephrine levels that are 
associated with cardiovascular changes [ 13 ]. 
Knoll-Kohler et al. [ 14 ] reported that the increase 
in HR depends on the amount of vasoconstrictor 
in the anesthetic solution. On the other hand, other 
clinical trials reported that the rise in BP and HR 
following injection of lidocaine with epinephrine 
was not clinically considerable [ 15 ,  16 ].   

    Regional Complications 

 LA administration may lead to a variety of 
regional localized complications, such as needle 
breakage, pain or burning on injection, nerve 
injury, trismus, hematoma, infection, soft-tissue 
injury, self-infl icted soft-tissue trauma, vascular 
injury, intraglandular or intramuscular injection, 
as well as sloughing of tissues and postanesthetic 
intraoral lesions [ 17 ]. 

    Trismus Following LA Injection 

  Trismus  is a spasm of the muscles of mastication 
resulting in diffi culty in opening the mouth [ 1 ] 
and oral injections such as inferior alveolar nerve 
blocks and posterior maxillary infi ltration injec-
tions may lead to trismus development. The etiol-
ogy of trismus is trauma by the injection needle 
to muscles or blood vessels with subsequent 
hematoma development [ 17 ,  18 ]. 

 Trismus has an acute phase, when pain leads 
to muscle spasm and limitation of the jaw motion. 
The acute phase may proceed with an ensuing 
chronic phase of hypomobility, develops as a 
result of fi brosis and scar tissue development. 
Infection increasing the pain levels may cause 
more tissue scarring [ 18 ]. 
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 Trismus is prevented by using minimal 
depth injections, and by avoiding multiple 
mandibular block injections. When acute tris-
mus develops, its progression to chronic hypo-
mobility is prevented by an early treatment 
protocol, that includes heat application, analge-
sics, muscle relaxants, physiotherapy, and by 
reassuring the patient. Antibiotics should be 
 prescribed considered since infection may 
developed. In certain cases when chronic hypo-
mobility develops, surgical intervention may 
be indicated [ 17 ,  18 ].  

    LA Complications Related 
to Misjudged Anatomy 

 One of the main reasons for LA-related compli-
cations is misjudged anatomy, such as middle-
ear problems following oral LA [ 19 ] and 
unexpected ophthalmic manifestations that can 
occur both after maxillary and after mandibular 
local anesthesia [ 20 ]. Maxillary LA, given the 
close proximity to the orbit, may lead to intra-
orbital diffusion of the injected solution. During 
mandibular LA of the anesthetic may follow the 
maxillary artery to the orbital branch of the 
medial meningeal artery, reaching the lacrimal 
artery that serves the lateral rectal muscle. 
Ischemia of that muscle structure may explain 
the blurred vision. Intravenous injection of LA 
and paralysis of the eye muscles may also occur 
[ 20 ]. Mandibular anesthesia may lead to oph-
thalmic symptoms when cranial nerves are 
affected. In addition, in case when a needle 
injures the wall of an alveolar artery, it may 
activate sympathetic fi bers, creating a vasospas-
tic impulse that passes the internal carotid 
plexus, reaching the orbit via the ophthalmic 
artery [ 20 ]. 

 About 70 % of the reports of adverse ophthal-
mic complications following LA concerned 
female subjects. Moreover, these female cases 
more often reported diplopia compared with 
male cases, suggesting the possibility of different 
anatomic features between genders [ 20 ] (or it 
may be explained by the fact that women seeking 
more dental treatment [ 21 ]). Diplopia, the most 

extensively documented ocular symptom, is a 
disturbing experience that is often directly 
noticed by the patient [ 20 ].  

    Nerve Injury Following 
LA Administration 

 The exact mechanism of local anesthesia-
related nerve injury is not fully elucidated, 
but it is hypothesized that it may be one or a 
combination of several factors: direct traumatic 
injury to the nerve by the needle, hemorrhage 
following the injection into the nerve sheath, 
hydrostatic pressure from the injection, or neu-
rotoxicity from the local anesthetic material 
itself [ 22 ,  23 ]. 

 Neurotoxicity appears to be dependent on the 
local anesthetic formulation. The use of either 
prilocaine or articaine may be associated with an 
increased risk of developing neurotoxicity- 
related nerve injury. However, it is yet unclear 
whether those drugs have a relatively higher level 
of toxicity compared to other anesthetic solutions 
or that their relative high manufactured concen-
tration is the nerve injury harmful factor (artic-
aine and prilocaine are the only dental local 
anesthetics formulated as 4 % solutions in the 
United States, with all others being of lower con-
centration) [ 22 ]. 

 It should be noted that the majority of 
reported adverse reactions associated with local 
anesthetics are not due to the drugs themselves 
but to the act of drug administration [ 5 ]. Thus, 
direct trauma to the nerve bundle during the 
injection, or indirectly by the development of 
intra-alveolar edema or hematomas by puncture 
of nerve surrounding blood vessels, that pro-
duces a temporary pressure increase in the vicin-
ity of the nerve bundle [ 24 ] is still considered as 
the most probable and frequent cause of nerve 
injury following local anesthesia administration 
[ 23 ,  25 – 28 ]. 

 On the other hand, the mechanical injury 
alone may be insuffi cient to result in permanent 
damage, and it may be speculated that it is not the 
drug per se, but the higher dose of the drug com-
bined with mechanical insult that predisposes the 
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nerve to permanent damage [ 6 ]. In order to pre-
vent nerve injury during LA, it seems benefi cial 
to use infi ltration instead of block anesthesia 
whenever possible, especially in the vicinity of 
major nerve bundles.  

    Bleeding and Hematoma 
Following LA 

 If a vein is engaged during injection of LA, the 
bleeding is expected to be negligible. However, if 
an artery is damaged, it may produce rapid bleed-
ing with signifi cant hematoma formation and 
rapidly developing extensive intraoral or extra-
oral swelling [ 2 ], most commonly occurs in the 
tuberosity area, when one of the terminal 
branches of the maxillary artery is damaged [ 2 ]. 
It was also reported that during a mandibular 
block, failure to obtain anesthesia may be associ-
ated with hematoma formation in the pterygo-
mandibular space and the dilution and inactivation 
of the LA by blood [ 29 ]. 

 Hematoma formation may result in trismus or 
infection. The patient should be observed for any 
signs of recurrent bleeding or for signs of second-
ary infection of the hematoma. At the fi rst indica-
tion of infection, antibiotic therapy should be 
initiated [ 2 ].  

    Failure to Achieve Profound 
Anesthesia 

 For endodontic surgery purposes, LA infi ltration 
in most cases should be suffi cient. However, in 
certain cases the anesthesia wears off during 
the surgery. Continuing the surgery while the 
patient is in pain is unacceptable and impracti-
cal [ 4 ,  30 ,  31 ,  32 ]. Both the patient’s coopera-
tion and the surgeon’s ability to continue the 
operation are decreased when the patient is not 
fully anesthetized [ 4 ,  30 ,  31 ,  32 ], The infi ltra-
tion sites for periradicular surgery should be 
multiple, throughout the entire surgical fi eld [ 4 , 
 30 ,  31 ,  32 ]. 

 Failure to achieve LA can be due to LA admin-
istration technical mistakes, anatomic variations 

with accessory innervation, and anxiety of the 
patient [ 4 ,  30 ,  31 ,  32 ]. 

 Usually, anatomic variation would have a less 
signifi cant impact on infi ltration-based LA com-
pared to block anesthesia, and while it is possible 
to achieve a good anesthesia using infi ltration of 
LA in the maxilla, in the mandible the infi ltration 
may not penetrate through the cortical plate, thus, 
leading to insuffi cient anesthesia [ 4 ,  30 ,  31 ,  32 ] 
(Fig.  5.1a ,  b ).

       Infl ammation and LA Failure 

 Presence of infl ammation may have several 
effects on local tissue physiology, and it was 
speculated that local anesthetics are generally 
much less effective when administered to 
patients with infl amed tissue probably due to 
the tissue acidosis [ 30 ]. The infl ammation 
induces tissue acidosis that may cause “ion trap-
ping” of local anesthetics: the low tissue pH will 
result in a greater proportion of the local anes-
thetic being trapped in the charged acid form of 
the molecule and, therefore, unable to cross cell 
membranes [ 4 ]. In addition, peripheral vasodi-
lation induced by infl ammatory mediators 
would reduce the concentration of local anes-
thetics by increasing the rate of systemic absorp-
tion [ 31 ]. 

 Local inflammation may lead to activation 
and sensitization of peripheral nociceptors and 
sprouting of nerve terminals. In addition, local 
inflammation may also lead to neural central 
sensitization, accelerated even more when the 
patient suffers from psychological stress. 
Thus, the local inflammation may bare both 
local and central neural effects that may com-
promise the ability to achieve profound long-
lasting LA [ 32 ].  

    Needle Breakage 

 Faura-Solé et al. [ 33 ] reported on a series of 
cases of broken anesthetic injection needles. 
The needles were located in the pterygoman-
dibular space or near the maxillary tuberosity. 
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These complications were the result of an unex-
pected movement by the patient or an incorrect 
anesthetic technique. For prevention of needle 
breakage, it is recommended to routinely inspect 
dental needles before administering injections 
and minimize the number of repeated injections 
using the same needle [ 34 ]. The needles should 
not be bended before use. And short needles are 
inadequate when performing an inferior alveo-
lar nerve block, since a needle must be of ade-
quate length to ensure that it is never buried to 
the hub [ 34 ]. 

 The management of needle breakage is a clini-
cal dilemma. While there is still controversy as to 
whether or not to remove a broken dental needle 
[ 35 ], recognition, localization, and documenta-
tion are of paramount importance. The removal is 
warranted not only because of the fear of needle 
migration toward large blood vessels in the head 
and neck but also because of the medicolegal 
considerations [ 21 ,  33 – 38 ]. 

 Ethunandan et al. [ 36 ] recommended in the 
event that needle breakage does occur, every 
effort should be made to retrieve the needle 

immediately, if the tip is visible, using fi ne 
hemostats. However, if the broken tip is not vis-
ible, an immediate referral is advised. The 
remaining portion of the broken needle should 
also be sent along for further determinations of 
the size of the broken fragment [ 36 ]. In addition, 
when breakage occurs, the patient must be 
informed immediately and the event must be 
documented thoroughly. The patient will need 
reassurance and referral to an oral and maxillo-
facial surgeon for treatment. In addition, mark-
ing the needle entry point with a permanent 
marker will help the oral surgeon establish ori-
entation [ 34 ,  37 ]. Today, new technologies and 
surgical techniques allow for complete removal 
of a broken needle preventing possible compli-
cations [ 38 ].  

    Postoperative Soft-Tissue Injury 

 It is extremely important to warn patients that the 
effects of anesthesia can persist for several hours 
which may cause a patient to bite the mucosa of 

a

b

  Fig. 5.1    Infi ltration of local 
anesthetic in the maxilla ( a ) 
and the mandible ( b ). Unlike 
in the maxilla, in the 
mandible the LA infi ltration 
may not penetrate the 
cortical plate, leading to 
insuffi cient anesthesia       
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the lower lip, cheek, or tongue or to scratch or rub 
the chin region resulting in a self-infl icted injury 
[ 39 ].  

    In Conclusion 

 The most important steps in managing untow-
ard reactions to LA are to adopt a clinical 
practice aimed to prevent LA possible compli-
cations, diagnose the problem promptly when 
it does occur, treat it if necessary, and reassure 
the patient.      
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        Introduction 

 The outcome evaluation of endodontic surgery 
usually focuses on clinical and radiographic signs 
of periapical osseous healing [ 1 – 3 ]. However, 

 endodontic surgery involves also intentional soft tis-
sue wounding, during the fl ap elevation procedure, 
and the available information concerning the soft 
tissue healing and related possible complications 
following endodontic surgery is relatively scarce [ 4 ]. 

 A  Flap  is defi ned as  a loosened section of tis-
sue separated from the surrounding tissues 
except at its base  [ 5 ] and is aimed to facilitate 
surgical access to the root apex, a fundamental 
perquisite for the ability to adequately manage 
the root end and for the achievement of predict-
able clinical results [ 1 ]. However, adequate fl ap 
design, especially in the esthetic zone, is crucial 
in order to achieve suffi cient esthetic results, and 
failing to take into account the soft tissue consid-
erations may negate all other aspects of the treat-
ment outcome, resulting in esthetic failure [ 6 ]. 
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    Abstract    

 Operator-related factors such as preoperative planning of the surgical proce-
dure, correct fl ap design, and soft tissue management, as well as patient-
related factors such as the gingival biotype and the periodontal condition, 
may infl uence the risk of soft tissue complications following endodontic sur-
gery. The clinician should be aware of possible  anatomical pitfalls during fl ap 
procedure, such as adjacent neurovascular bundles. In order to avoid fl ap 
dryness and possible tissue necrosis and delayed healing, it is recommended 
to perform a short-duration surgery with a constant irrigation of the refl ected 
tissues with saline. Different fl ap designs may be predisposed to different 
risks of complications. Intra-sulcular fl aps are prone to gingival recession, 
submarginal and semilunar fl aps are prone to scar formation, and a contro-
versy exists whether papilla-based incision is prone to gingival recession and 
if papilla preservation incision may prevent gingival recession.  
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 Flap procedure, like any other surgical proce-
dure, possesses also inherent risks of complica-
tions. Flap necrosis and delayed healing, 
periodontal defect formation, gingival scarring, 
and many additional possible complications may 
emerge during or following the surgery. Some of 
the complications may adversely affect the long- 
term survival of the tooth, and some may cause 
esthetic and functional complexities [ 4 ,  6 – 8 ]. 

 Flap-related complications may be associated 
with patient-specifi c factors, such as the peri-
odontal anatomy and periodontal health status 
and also with the applied surgical approach and 
soft tissue management technique [ 1 ,  4 ,  6 – 11 ]. 

 This chapter will review possible complica-
tions concerning fl ap management during end-
odontic surgical procedures, their etiology, 
prevention, and management.  

    The Anatomical and Periodontal 
Aspects of Flap-Related 
Complications 

 Understanding the anatomical structure of the 
periodontium and the specifi c characteristics of 
the patient’s gingival biotype is essential for a 
successful soft tissue management during end-
odontic surgery. 

    The Normal Periodontal Structure 

 The periodontium serves as the supporting appa-
ratus for the teeth and consists of the alveolar 
mucosa, gingiva, cementum, periodontal liga-
ment, and alveolar bone [ 12 ] (Fig.  6.1 ).

   The  oral mucosa  is the tissue lining the oral 
cavity [ 5 ] and is termed by its specifi c anatomical 
location. For example, the  alveolar mucosa  is the 
loosely attached and movable mucosa covering 
the basal part of the alveolar process and continu-
ing into the vestibular fornix and the fl oor of the 
mouth [ 5 ,  12 ]. 

 The  gingiva  is the fi brous investing tissue that 
surrounds a tooth and is contiguous with its peri-
odontal ligament and with the mucosal tissues of 
the mouth [ 5 ]. The gingiva is divided into  free 

gingiva  and  attached gingiva  and is considered as 
a part of the  masticatory mucosa,  which covers 
the alveolar process and surrounds the cervical 
portion of the teeth. It consists of an epithelial 
layer and an underlying connective tissue layer. 
The gingiva obtains its fi nal form and texture 
with the eruption of the teeth [ 13 ]. 

 The  attached gingiva  is the portion of the gin-
giva that is fi rm, dense, stippled, and fi rmly 
bound to the underlying periosteum, tooth, and 
bone [ 5 ]. The width of the attached gingiva varies 
in range from 1 to 9 mm in different parts of the 
mouth [ 14 ]. In the maxilla, the facial attached 
gingiva is generally widest in incisors and most 
narrow adjacent to the canine and fi rst premolars. 
In the mandible, the gingiva on the lingual aspect 
is particularly narrow in the area of the incisors 
and canines and widest in the molar region [ 15 ]. 
Facially positioned teeth had narrower zones of 
attached gingiva compared to well-aligned or lin-
gual positioned teeth [ 16 ]. 

 The  free gingiva  is the part of the gingiva that 
surrounds the tooth and is not directly attached to 
the tooth surface [ 5 ]. The  free gingival margin  is 
the coronal part of the gingiva and has a scalloped 
outline. The free gingival margin is situated about 
2 mm coronal to the CEJ of the tooth, and the 
attached gingiva extends from the base of the free 
gingiva to the mucogingival junction [ 5 ,  9 ,  12 ]. 

 The gingiva is continuous with the alveolar 
mucosa that is situated apically. The   mucogingival 

  Fig. 6.1    Normal periodontal tissues       
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junction  is the demarcated border between the 
gingival and the alveolar mucosa and is absent in 
the palatal aspect of the maxillary teeth where the 
gingiva is continuous with the palatal mucosa 
[ 5 ,  12 ]. The mucogingival junction defi nes the 
width of the attached gingiva. 

 The  gingival papilla  is the portion of the gin-
giva that occupies the interproximal spaces [ 5 ]. 
The shape of the papilla is infl uenced by the 
shape of the interproximal contact points, the 
width of the interproximal area, and the position 
of the CEJ of the involved teeth, and it may vary 
from triangular and knife-edge shapes in the 
anterior regions to a more square shaped in the 
posterior regions [ 5 ,  12 ]. 

 The  gingival sulcus  is a fi ssure that is an 
invagination around a tooth bounded by the free 
gingival margin [ 5 ,  12 ] and ranges between 0 and 
6 mm depth (average depth of 0.7 mm) [ 12 ]. The 
alveolar bone follows a path that parallels the 
positions of the CEJs of the teeth, and in health 
the interdental bone is about 1 mm from the CEJ 
and increases with age to about 3 mm [ 12 ]. 

 The  supracrestal connective tissue attach-
ment  is the connective tissue fi bers that originate 
from the osseous crest to the CEJ; the  epithelial 
attachment (or junctional epithelium)  is the epi-
thelial attachment from the CEJ onto the tooth 
enamel.   

    The Etiology and the Possible Risk 
Factors of Flap-Related 
Complications 

 Flap procedures may lead to several complica-
tions [ 4 ,  6 – 8 ,  10 ,  12 ,  17 ], including attachment 
loss and recession of the gingival margin, fl ap 
necrosis, fl ap tearing, tissue dehiscence, delayed 
healing, periodontal defect, scarring, hemor-
rhage, and nerve injury. 

 Following endodontic surgery, and consistent 
with the basic biological principles of wound 
healing, the postsurgical histological wound 
healing sequel can be  repair  (when the injured 
tissues are replaced with scar tissue) or  regenera-
tion  (when the injured tissues are reestablished 
by similar tissue as was originally present) [ 18 ]. 

 Clinically, the soft tissue healing can be 
divided to  healing by fi rst intention , e.g., primary 
union of a wound in which the incised tissue 
edges are approximated and held until union 
occurs, and to  healing by second intention,  e.g., 
wound closure wherein the edges remain sepa-
rated and the wound heals from the base and sides 
via the formation of granulation tissue [ 5 ]. In 
wounds healing by second intention, continuous 
local infl ammation, infection, wound dehiscence, 
and foreign bodies are important contributory fac-
tors to an ensuing scar formation [ 19 ]. 

  Scarring:  A scar can be defi ned as  fi brous tis-
sue replacing normal tissues destroyed by injury 
or disease  [ 5 ]. Macroscopically a scar is a distur-
bance of the normal structure and function of the 
tissue architecture, resulting from the end prod-
uct of the healed wound [ 10 ]. Histologically, 
scars are characterized by their lack of specifi c 
organization of cellular and matrix elements 
when compared with the uninjured tissue [ 19 ]. 
The normal wound healing process includes a 
combination of biological processes such as 
hemostasis, infl ammation, proliferation, and 
remodeling. Scar formation may occur as a result 
of altered regulation of the normal physiological 
processes in the involved epithelial and submu-
cosal tissues. The scarring may clinically mani-
fest as an elevated or depressed site, with an 
alteration of the mucosal texture and color and 
changes in the biomechanical properties of the 
tissues [ 4 ]. From a clinical point of view, scar for-
mation following fl ap procedure is a signifi cant 
esthetic problem, especially in the esthetic zone 
and in patients with a high smile line (i.e., a sig-
nifi cant exposure of maxillary anterior gingiva 
during a full smile) [ 20 ] (Fig.  6.2 ).

    Attachment loss  refers to the distance between 
the CEJ and the base of the gingival sulcus and 
may manifest both as probing pocket depth and\
or gingival recession. 

  Gingival recession  is the location of marginal 
periodontal tissues apical to the CEJ that may be 
caused by improper periodontal surgical manip-
ulations [ 4 ,  6 – 8 ,  10 ,  12 ,  17 ], such as incor-
rect reposition of the fl ap, compromised blood 
 circulation of the fl ap through excessive retrac-
tion or poor fl ap design, and fl ap  contraction 
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[ 4 ,  7 ,  8 ,  10 – 12 ,  19 ,  21 ] (Fig.  6.3 ). Thus, it is 
important to preserve the root-attached tissues 
and to reposition a tension-free fl ap.

    Flap necrosis  may occur because of insuffi -
cient blood supply. The prevention of fl ap necro-
sis includes vertical releasing incisions that should 
be parallel or converging to the coronal part of the 
fl ap; the base of the fl ap should be wider than the 
free margin to allow an adequate blood supply, 
and it is advised to avoid excessive force or crash-
ing of the tissue with the retractors [ 1 ,  7 ]. 

  Flap tearing  may occur as a result of poor fl ap 
design with a small and insuffi cient incision that 
causes fl ap tension and may result in tearing 
(Fig.  6.4 ). Thus, the fl ap should be refl ected as 
one unit, with suffi cient length of releasing inci-
sions [ 1 ,  7 ]. It should be remembered that the fl ap 
incision wound naturally heals from side to side 
and not end to end. Thus, a long incision does not 
necessarily heal slower.

    Soft tissue dehiscence  is usually a result of 
infection from bacterial contamination of the 
incisional wound. Partial or total separation of 
the wound margins may manifest within the fi rst 
week after surgery. In most instances, the wound 
dehiscence results from tissue failure rather than 
improper suturing techniques. The dehisced 
wound may be closed again or left to heal by sec-
ondary intention, depending upon the extent of 
the disruption and the surgeon’s judgment of the 
clinical situation [ 22 ]. 

    Infl uence of a Periodontal Disease 
on Soft Tissue Healing Following 
Endodontic Surgery 

 Periodontal diseases are infections and are caused 
by microorganisms that colonize the tooth surface 
at the gingival margin. Sometimes, a combination 
of factors (e.g., bacteriological or treatment-
related factors) facilitates conditions that may 
promote either a colonization of newly introduced 
subset of bacterial species or an overgrowth of 
existing bacterial species that may eventually lead 
to a destruction of the periodontium [ 13 ]. 

 It has been reported that when performing 
modern endodontic surgery for teeth with 

  Fig. 6.2    Scar following submarginal incision       

  Fig. 6.3    Gingival recession       

  Fig. 6.4    Flap tear following endodontic surgery on the 
mandibular incisors       
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endodontic- periodontal combined lesions, the 
endodontic success rate is expected to drop to 
less than 80 %, compared to 95 % for cases with 
an isolated endodontic lesions [ 23 ]. In addition, 
preoperative factors signifi cant for the prognosis 
of restored endodontically treated teeth are 
related to the periodontal status and the attach-
ment loss [ 24 ]. Thus, the presence of a signifi cant 
periodontal disease may adversely affect the suc-
cess of the endodontic surgery [ 23 ], the expected 
long-term survival of the tooth [ 24 ], and the risk 
and extent of fl ap-related complications.  

    The Gingival Biotype Effects 
on the Surgical Procedure 

 Recently, it was demonstrated that the gingival 
biotype could be related to complications follow-
ing fl ap procedures [ 8 ,  11 ]. 

 There are two distinctive types of gingival 
phenotypes:  thick and thin gingival biotypes.  

  Thin gingival biotype  is more prevalent in 
women and is characterized by a highly scal-
loped marginal gingiva with slender teeth, with 
delicate and almost translucent appearance, and 
with a minimal narrow zone of attached gingiva 
[ 7 ,  11 ,  17 ]. 

  Thick gingival biotype  is more prevalent in 
men and is characterized with a bulky, slightly 
scalloped marginal gingiva with short and wide 
teeth, broad zone of attached gingiva, fi brotic 
and resilient tissue, relatively fl at soft tissue, 
and a relatively large amount of attached  gingiva 
[ 7 ,  11 ,  17 ]. 

 Several methods were proposed based on the 
measurement of buccal gingival thickness to 
assess gingival biotypes, and the simplest method 
is based on using the transparency of a  periodontal 
probe through the gingival margin. If the outline 
of the probe could be visually detected through 
the tissue, it should be categorized as  thin bio-
type ; if not, it should be categorized as a  thick 
biotype  [ 8 ,  11 ,  25 ] (Fig.  6.5 ). Several periodontal 
and anatomical parameters were suggested to be 
associated with a specifi c gingival biotype, such 
as the tooth shape and contact point location, 
papilla height, and the distance from the contact 

point to the alveolar crest. Additional demo-
graphic factors, such as the patient age, may also 
be associated [ 11 ].

   The identifi cation of the gingival biotype is 
important in planning the type of surgical inci-
sion during endodontic surgery, since various 
gingival biotypes may infl uence the esthetic out-
come of surgery [ 17 ]. It may be especially crucial 
in the esthetic area, since thin gingival biotypes 
may be a risk factor of postsurgical recession 
development [ 8 ,  11 ]. 

  Thin gingival biotype  is more prone to gingi-
val recession without pocket formation and to a 
loss of the thin vestibular bone plate [ 17 ]. Thus, 
in surgery of a tooth with a thin biotype, a deli-
cate and unpredictable tissue healing (recession) 
should be expected [ 17 ]. 

 The type of incision is an important predictor 
for complications following the surgery of a tooth 
with a thin biotype: higher probability of reces-
sion for intra-sulcular incision, more scarring for 
submarginal incision, more complications during 
fl ap elevation such as fl ap tearing, and dehiscence 
and diffi culties in suturing [ 4 ,  6 – 8 ,  11 ,  17 ]. 

a

b

  Fig. 6.5    Gingival biotypes assessment. ( a ) thin peri-
odontal biotype, ( b ) thick periodontal biotype       
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  Thick gingival biotype  is more prone to 
infrabony defect formation and deeper probing 
pocket depth formation following the surgery. 
However, thick biotype is less prone to recession 
formation. Thus, it is less prone to esthetic com-
plications [ 4 ,  6 – 8 ,  11 ,  17 ]. Surgery of a tooth 
with a thick biotype may also be prone to mar-
ginal infl ammation, bleeding on probing, and 
edema [ 17 ]. 

 In general, both with thick and with thin gingi-
val biotype, some degree of attachment loss is 
expected following sulcular fl ap procedures. 
However, with thick biotype the attachment loss 
is a result of increased periodontal probing depth, 
while with thin biotype it is mainly a result of 
gingival recession that may cause an esthetic 
defect in the presence of full coverage crowns 
[ 4 ,  6 – 8 ,  11 ,  17 ]. It was also reported that teeth 
with thin gingival biotype led to signifi cantly 
more recession than thick biotype. In addition, 
teeth with probing depth less than 2.5 mm had 
more attachment loss than probing depth more 
than 2.5 mm [ 8 ]. 

 While no differences were reported between 
the two gingival biotypes with regard to scar for-
mation following apical surgery [ 4 ], this conclu-
sion should be perceived with caution since in 
this study more scar formation was observed, 
both in the attached and the alveolar mucosa 
among female patients. Since thin gingival bio-
type is more common in females, more scar for-
mation following surgery of teeth with a thin 
gingival biotype is expected [ 4 ].   

    Prevention and Management 
of Flap-Related Complications 

    The Surgical Incision and Flap Design 

 An accurate surgical incision, and adequate fl ap 
elevation and repositioning of the refl ected soft 
tissue, will enable suffi cient blood supply, root 
coverage, and proper tissue healing [ 26 ]. Thus, 
several principles should be applied:
    1.    Avoiding horizontal and severely angled verti-

cal incisions will result in less fl ap shrinkage 
and improved fl ap blood supply. 

 When the supplying blood vessels enter the 
gingiva, they presume a vertical course paral-
lel to the long axis of the teeth, superfi cial to 
the periosteum, and are termed  The supra- 
periosteal vessels  [ 13 ,  26 – 28 ]. Horizontal and 
severely angled incisions may serve the gingi-
val blood vessels that scuttle perpendicular to 
the incision line and may lead to compromised 
fl ap blood supply [ 13 ,  26 ]. 

 In addition, the collagen fi bers that attach 
to the periosteum scuttle in a direction parallel 
to the long axis of the teeth [ 13 ,  26 ]. Therefore, 
horizontal and severely angled incisions (such 
as used in semilunar fl aps) may shrink follow-
ing the surgery as a result of contraction of the 
severed collagen fi bers that run perpendicular 
to the incision line. As a result, it may be dif-
fi cult to reposition the fl ap edges to their origi-
nal position without applying excessive 
tension forces on the soft tissues, with 
increased risk of wound dehiscence and sub-
sequent scar formation from healing by sec-
ond intention [ 13 ,  26 ].   

   2.    Incisions over radicular eminences should be 
avoided since they may lead to soft tissue 
fenestrations. 

 Radicular eminences may fenestrate 
through the cortical bone or be covered by a 
thin bone layer with relatively poor blood sup-
ply. These anatomical defects may lead to soft 
tissue fenestrations if incisions are made over 
the eminence. Thus, the vertical-releasing 
incisions should be parallel to the long axis of 
the teeth, over solid interdental bone [ 13 ,  26 ].   

   3.    Incisions should be performed in a way that 
facilitates fl ap repositioning over a solid bone. 

 Areas of bone loss have insuffi cient blood 
supply, and fl ap repositioning over such areas 
may result in necrosis and sloughing of the 
soft tissue. Thus, the fl ap design should take 
into account the extent of osseous bone defect 
so that the repositioned fl ap margins will be 
supported by a solid bone [ 13 ,  26 ].   

   4.    Incisions should avoid major muscle 
attachments. 

 Muscle attachments may jeopardize the 
repositioning of the fl ap and result in healing 
by second intention and scar tissue formation. 
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Extended lateral extension of the horizontal 
incision may allow the vertical incision to 
bypass muscle attachment and include it in the 
fl ap [ 13 ,  26 ].   

   5.    The vertical incision extension should facili-
tate the positioning of the retractor during sur-
gery on a solid bone. Insuffi cient vertical 
incisions may cause the retractor to traumatize 
the mucosal tissue of the fl ap and may jeopar-
dize the blood supply of the involved tissues 
[ 1 ,  13 ,  26 ].   

   6.    The extent of the horizontal incision should 
enable adequate surgical access, with minimal 
tension and stretching of the soft tissue. 
Excessive soft tissue trauma is expected when 
performing too short rather than too long inci-
sions [ 1 ,  13 ,  26 ].    

      The Flap Design 

 Various preoperative factors should be consid-
ered for the fl ap design in order to achieve 
 predictable results with minimal risks of compli-
cations. The gingival biotype, the number of teeth 
involved, the depth of the vestibulum, presence 
of high muscle attachment, the width of the 
attached gingiva, presence of adjacent dental 
implants (the periodontal anatomy around an 
implant is more sensitive to additional surgery 
and more prone to implant recession), adjacent 
anatomical structures, size and location of the 
osseous pathology, presence of a periodontal dis-
ease, presence of dental crowns, and the patient’s 
smile profi le should all be accounted for [ 7 ]. 

 In general, the fl ap should be  full thickness , 
thus, include the entire mucoperiosteal tissues 
(gingiva, alveolar mucosa, and periosteum). Full- 
thickness fl aps maintain the supraperiosteal 
blood vessels that supply these tissues and result 
in less trauma and less bleeding [ 1 ,  13 ,  26 ].  

    Intra-sulcular Flap 

 Intra-sulcular fl ap may be performed with or 
without releasing incisions, depending on the 
clinical conditions. A  sulcular fl ap  ( envelope 

fl ap)  is a single continuous incision through the 
gingival sulcus, without releasing incisions. 
Advantages: conservative, less scarring, rela-
tively easy and fast procedure, and low morbid-
ity. Disadvantages: limited application for 
endodontic surgery since it does not permit the 
visualization of the entire root. The absence of 
releasing incisions results in fl ap stretching and 
tearing and a high risk of gingival recession [ 1 ,  7 , 
 21 ,  22 ,  29 ]. 

 Intra-sulcular fl ap can be also performed with 
one releasing incision ( triangular fl ap ) or with two 
releasing incisions ( rectangular fl ap ) (Fig.  6.6 ). 
Advantages: better visibility and visualization of 
the entire buccal root surface. Complications: pos-
sible dehiscence and pocket formation and reces-
sion of the gingival attachment and esthetic 
complication when crowns are present by expo-
sure of subgingivally placed crown margins at the 
restoration-tooth interface and damage to the 
interdental papilla [ 1 ,  7 ,  21 ,  22 ,  29 ].

       Submarginal Flap 

 In this fl ap, the sulcular incision is replaced with 
a scalloped submarginal incision. It is made of a 
horizontal incision along the attached gingival 
and one or two releasing incisions. The horizon-
tal incision should be confi ned to the attached 
gingiva (Fig.  6.7 ). Advantages: the marginal gin-
giva is preserved and the risk of dehiscence is 
minimal. Complications: limited visualization of 
the coronal part of the root and scarring may 
occur.

  Fig. 6.6    Intra-sulcular incison       
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       Semilunar Flap 

 A curved horizontal incision in the alveolar 
mucosa (Fig.  6.8 ). The semilunar fl ap is extremely 
simple to perform. However, it allows limited 
access and visibility in the surgical area. It may 
also result in bleeding and in delayed healing. 
The lack of reference points makes fl ap reposi-
tioning diffi cult, and scar formation is common. 
This fl ap design is not recommended for end-
odontic surgery.

       Papilla Preservation Techniques 

 Papilla preservation techniques were originally 
designed for reconstructive procedures, using 
guided tissue regeneration of intraosseous peri-
odontal defects [ 7 ,  13 ]. The main purposes of this 
fl ap design are primary wound closure, maintain-
ing fl ap integrity, and avoiding early membrane 
exposure. The procedure could be performed 
using buccal papilla-based incision (Fig.  6.9 ) 

[ 13 ,  21 ]. This technique is complicated and dif-
fi cult to perform, with a possibility of scar forma-
tion in the esthetic area at the base of the papilla 
(Fig.  6.10 ). Another alternative is to use a palatal 
approach to prevent scar formation at the esthetic 
zone [ 13 ] (Fig.  6.11a – e ). The advantages of 
papilla preservation techniques include opti-
mized wound closure leading to primary inten-
tion healing and leaving an intact interdental 
papilla with enhanced gingival esthetics [ 7 ,  13 ].

         Flap Elevation General Precautions 

 The clinician should be aware of several anatomi-
cal and procedural pitfalls during fl ap elevation, 
such as bone exostoses, high muscle attachment, 
and proximity of neurovascular bundles. In order 
to avoid fl ap dryness, tissue necrosis, and delayed 
healing, it is recommended to perform a short- 
duration surgery with a constant irrigation of the 
refl ected tissues with saline.  

  Fig. 6.7    Submarginal incision       

  Fig. 6.8    Semilunar incision       

  Fig. 6.9    Papilla base incision       

  Fig. 6.10    Scar following papilla-based incision       
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    Flap Repositioning and Suture 

 While passive repositioning of the fl ap is impera-
tive, even if a proper tissue approximation is 
achieved, fl ap contraction and shrinkage during 

the early healing phase may result in soft tissue 
healing complications [ 7 ]. 

 Flap suturing is supposed to position and secure 
the surgical fl ap in order to promote optimal heal-
ing, and it should hold fl ap edges in apposition 

a b

c

e

d

  Fig. 6.11    Papilla-preservation fl ap design. ( a ) Palatal 
intrasulcular incision, ( b ) Palatal release of the interdental 
papillae, ( c ) Buccal elevation of the papillae, ( d ) Buccal 

fl ap elevation, ( e ) Repositioning of the fl ap and palatally 
placed sutures       
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until the wound has healed enough to withstand 
the functional stresses. A proper suture technique 
should place the tension on the wound margins to 
facilitate primary intention healing [ 30 ,  31 ]. 
However, improper use of sutures may lead to 
complications, infl ammation, and delayed healing 
[ 26 ]. In addition, the sutures are capable of stran-
gulating the tissues if applied too tightly [ 22 ]. 

 Sutures are available in many different materi-
als (classifi ed by absorbency), different sizes, and 
different designs (monofi lament, multifi lament, 
twisted, or braided). For example, silk sutures are 
nonabsorbable and easy to manipulate and are 
made of protein fi bers and glue. They may cause 
severe adverse tissue reactions, due to the accu-
mulation of plaque on the fi bers that occurs within 
a few hours. Gut sutures are absorbable and are 
made from collagen derived from sheep or bovine 
intestines. Their absorption rate is unpredictable 
(may take up to 10 days) [ 22 ,  30 ,  31 ]. 

 The suturing technique should be evaluated on 
the basis of its ability to accomplish wound clo-
sure and fl ap stabilization at least for several 
days. Usually the sutures should provide passive 
fi xation mechanism and avoid stretching of the 
tissue, tissue tearing, and compromised circula-
tion. Surgical bleeding should be controlled prior 
to suture placement to prevent a formation of a 
hematoma under the fl ap and ensuing culture 
medium formation for bacterial growth and 
infection [ 22 ,  30 ,  31 ]. 

 Synthetic absorbable sutures, when used in a 
proper suturing technique, may provide easy 
manipulation, relatively mild tissue reaction, and 
prevention of suture retention within the healing 
tissues [ 30 ,  31 ].   

    Conclusions and Key Learning Point 

 The design of a surgical fl ap should be case- 
specifi c. The fl ap extension in endodontic sur-
gery is primarily dictated by the demands for 
proper root end management. 

 The fl ap should permit a proper view of the 
operative fi eld, should allow adequate blood 
 supply to the fl ap tissues, should facilitate optimal 

gingival healing, should not jeopardize the 
 esthetics and adjacent anatomical structures, and 
should be easy to perform and reposition [ 4 ,  6 – 8 ].     
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        Periodontal Considerations 

    Epithelial and connective tissues are the primary 
constituents of gingival tissues. Connective tissue 
makes up a majority of the supragingival fi bers 
serving the purposes of attachment to the teeth 
and providing strength and resilience on chew-
ing [ 3 ]. The attached gingiva extends from the 
coronal margin where the tooth meets the gin-
giva down to the mucogingival junction where 
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  7      Esthetic Complications 
in Endodontic Surgery 
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    Abstract    

 The leading measure of successful outcomes in endodontic surgery relies 
heavily on the ability of the endodontic surgeon to provide conditions that 
promote resolution of persisting periradicular pathosis. Prevailing criteria 
for success depend on the preservation and continued function of teeth and 
radiographic parameters to assess healing (Orstavik, Scand J Dent Res 
96:108–11, 1988). However, in an era of high patient expectations, the 
esthetic consequences of surgical treatment are of paramount concern. 
Esthetic outcomes are comprised of the natural or idealized shape, color, 
position, and juxtaposition of teeth to gingival tissues. Esthetic complica-
tions of endodontic surgery are best addressed before treatment by careful 
endodontic diagnosis and periodontal evaluation. This should be followed 
by adherence to the principle and practice of endodontic microsurgery 
both at the treatment planning stage and during the surgical procedure. In 
addition, appropriate surgical management of soft tissues and underlying 
bony structures is important as persistent endodontic infections are a risk 
factor for continued marginal attachment loss following endodontic 
 surgery (Jansson et al., Oral Surg Oral Med Oral Pathol Oral Radiol Endod 
83:596–601, 1997). While classical measures of success may suggest the 
positive outcome of a case, failing to achieve an esthetic  outcome results 
in an unhappy patient.  
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the fi rmly bound tissue meets the unattached 
mucosa. The greatest levels of attached gingiva 
are found on the facial aspect of the maxillary 
incisors [ 4 ]. The roughly triangular-shaped gin-
giva fi lling the embrasure apical to the contact 
point between two teeth is the papilla. In a lateral 
view of the papilla, one would observe a facial 
and lingual peak of the papilla joined by a con-
cave ridge known as the col. Histologically, the 
col, being derived from junctional epithelium, 
is composed of nonkeratinized epithelium in the 
depressed area just apical to the interproximal 
contact, and more keratinized epithelium occurs 
laterally as the tissue extends to the gingival epi-
thelial cuff of the papilla [ 3 ]. As the papilla is 
infl uenced by the embrasure it fi lls, the col takes 
on greater concavity where the contact points are 
the broadest as is the case in posterior teeth [ 5 ]. 

 It is both functionally desirable and estheti-
cally pleasing for the papilla to fi ll the entire 
embrasure (Fig.  7.1a ,  b ) leaving no “black tri-
angle” (Fig.  7.2 ). The ability for the gingiva to 
achieve this is determined by the distance from 
the contact point to the crest of the bone [ 4 ]. It 
has been shown that when the distance from the 
crest of bone to the contact point is less than 
5 mm, the embrasure was completely fi lled [ 6 ]. 
At 6 mm, the papilla fi lls the space in only 56 % 
of cases, and at 7 mm or more, the papilla suc-
cessfully fi lled the space 27 % of the time or less 
[ 6 ]. As the distance from the blood supply at the 
bone increases, the gingiva is signifi cantly less 
likely to fi ll the embrasure. To provide predict-
able esthetic results, the surgical full  thickness 

fl ap should avoid apically placed horizontal 
 incisions since the major blood supply originates 
apically [ 7 ,  8 ].

    Pretreatment periodontal evaluation and 
accompanying strategic operative planning is 
essential to avoid postoperative esthetic compli-
cations. Specifi c periodontal parameters should 
be recorded and include the following:
    1.    Signs of periodontal infl ammation at the sur-

gical site in terms of pocket depths, bleeding 
upon probing, color, and contour of gingival 
tissue.   

   2.    Attachment loss.   
   3.    The location and measurement of the muco-

gingival junction along with measurement of 
the width of attached gingiva.   

   4.    The position and inclination of the root and 
thickness of bone over the root.   

   5.    Patient biotype: generally speaking, a thin 
gingival biotype has greater potential for gin-
gival recession when compared to a thicker 
gingival biotype.     

a b

  Fig. 7.1    ( a ,  b ) Esthetically pleasing smile with papilla that fi lls the entire embrasure       

  Fig. 7.2    A “black triangle” between maxillary central 
incisors       
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 For the patient that exhibits periodontal 
disease (Fig.  7.3 ), treatment of the periodon-
tium should be completed before endodontic 
 surgery [ 2 ]. With these periodontal parameters in 
mind, the endodontic surgeon must consider the 
patient’s esthetic demands along with an evalua-
tion of the quality and type of restoration particu-
larly as it relates to the position of the margin to 
the gingiva. This represents a critical component 
of treatment planning especially as it relates to 
a good esthetic outcome. Finally, these clinical 
fi ndings must also be considered in the context of 
location and extent of the existing periradicular 
pathosis before incision and selection of surgical 
fl ap design.

   Even with careful consideration of the pre-
treatment periodontal condition, it has been 
shown that an ongoing endodontic infection rep-
resents a contributing factor for marginal attach-
ment loss after endodontic surgery [ 2 ].  

    Application of Microsurgical 
Techniques for Prevention 
of Esthetic Complications 

 Endodontic microsurgery fundamentally rep-
resents the refi nement of established and rec-
ognized surgical principles by incorporating 
technology to improve visualization. This is 
accomplished primarily with the utilization of 
the operating microscope along with the devel-
opment and use of microsurgical instrumenta-
tion. There are three important principles that are 
incorporated in  endodontic microsurgery [ 9 ,  10 ]:

    1.    The improvement of motor skills which trans-
lates into the enhancement of surgical ability   

   2.    Wound closure by exact primary apposition of 
the wound edge   

   3.    The adjunctive development and utilization of 
microsurgical instrumentation    
  The goal of the endodontic surgeon is to cause 

minimal tissue damage and provide the environ-
ment for primary healing which contemplates 
gentle handling of both hard and soft tissue with 
accurate wound closure. Understanding, train-
ing, and experience in endodontic microsurgery 
will allow the surgeon to achieve both excellent 
treatment outcomes with highly esthetic clinical 
results. 

 For the surgeon who practices without an 
operating microscope, a willingness to adapt 
this level of magnifi cation is necessary. Surgical 
magnifi cation will tremendously enhance motor 
skills which will translate into the enhancement 
of surgical ability [ 11 ]. In addition, greater atten-
tion to surgical esthetics, microanatomy, and tis-
sue handling are critical. While tissue handling 
and microsurgical instrumentation are discussed 
in other chapters of this text, the incorporation of 
endodontic microsurgery requires the discussion 
of some aspects of hand function. 

    Hand Support and Control 

 It is well understood that unsupported fi nger 
movements in extension or fl exion are relatively 
unstable and not suited for endodontic micro-
surgery [ 10 ,  12 ]. Therefore, wrist stabilization 
on a fi xed surface with a 20° angulation in dor-
sifl exion decreases muscle tremor and mitigates 
unsupported fi nger fl exion and extension thereby 
providing fi nely controlled fi nger movements 
[ 10 ,  12 ]. 

 Physiologic hand tremor is not unusual and 
a manifestation of intentional and unintentional 
actions causing hand and fi nger movement [ 13 ]. 
The realization of a surgeon’s tremor becomes 
more obvious with visual enhancement of mag-
nifi cation. It typically is associated with tension 
generated by poor postural control, unsupported 
hand, and unstable instrument holding position, 

  Fig. 7.3    Pretreament presentation of periodontal disease       
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but several other factors have been associated 
with hand tremor such as cigarette smoking, 
alcohol withdrawal, caffeine, hypoglycemia, 
hyperparathyroidism, pheochromocytoma, and 
Wilson’s disease. Drug-induced hand tremor is a 
nervous system and muscle response to certain 
medications which include valproic acid, alb-
uterol, cyclosporine, lithium carbonate, tricyclic 
antidepressants, antivirals such as acyclovir, and 
certain blood pressure drugs [ 14 ]. To perform 
endodontic surgery with microsurgical tech-
niques and to minimize hand tremors, the sur-
geon must be in a relaxed and proper mind-set. 
To perform highly esthetic results, the endodon-
tic surgeon must consider his/her attitude with 
mental focus and patience in order to maintain 
precise motor skills [ 10 ,  11 ].  

    Hand: Instrument Grips 

 It is interesting to consider that with the rapid 
expansion and utilization of technological 
advances of computers and even text messaging 
on handheld mobile devices, there is very little 
emphasis on handwriting or penmanship. In an 
academic setting or for the contemporary special-
ist dentist trainee, this lack of emphasis provides 
little background for good ergonomic habits dur-
ing training [ 11 ,  15 ]. 

 The three-digit pen or internal precision grip 
is the most commonly utilized in microsurgery 
and provides excellent stability particularly when 
compared to other hand grips [ 9 ,  16 ]. As its name 
suggests this grip mimics a three-digit pen grip 
with the thumb, index fi nger, and middle fi nger 
creating an effective tripod [ 9 ]. The surgeon’s 
hand should rest on an immovable fl at surface 
with support of the ulnar surface of the wrist and 
forearm. With this tripod in place, the instru-
ment is supported by the middle fi nger with the 
thumb and index fi nger placed in contact with 
the instrument. Opening and closing of an instru-
ment requires very fi ne movements, and any pos-
sible tremor is minimized. By utilizing the pen 
or internal precision grip, the fl exor and exten-
sor muscles of the hand remain relaxed facilitat-
ing accurate movement. Finally, proper surgical 

ergonomics not only helps prevent back and neck 
problems; it provides the functional environment 
to properly perform endodontic microsurgery 
and prevent esthetic complications. The patient 
and chair position should be adjusted to the sur-
geon and microscope with the surgeon seated in 
an upright position with thighs approximately at 
a right angle to the knees [ 17 ]. 

 Microsurgical instrumentation, accurate hand 
movement with precision hand grip, and correct 
posture and position of the endodontic surgeon    
(Fig.  7.4 ) are critical factors in avoiding esthetic 
complications.

        Tissue Management and Esthetic 
Considerations 

 Surgical access has been cited as a major 
point of concern in endodontic surgery [ 18 ]. 
Appropriate selection of fl ap design enables 
proper access reducing the time needed in sur-
gery and thus reducing postoperative morbidity. 
Poor fl ap design may lead to failure in treating 

  Fig. 7.4    Posture and position of the endodontic surgeon       
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the  pathology or to unsightly hard and soft tissue 
defects leading to unhappy patients (Fig.  7.5 ). 
With the introduction of the surgical operat-
ing microscope, microsurgical techniques have 
evolved to improve the handling of soft tissues 
and reduce the incidence of defects [ 19 ].

   Incisions should be made in smooth continu-
ous motions pressing the blade to the bone in 
order to follow the topography of the hard tissue 
maintaining a full thickness cut. Discontinuous 
motions lead to jagged irregular edges more 
likely to leave noticeable scarring [ 20 ]. Full thick-
ness fl aps are desirable in endodontic surgery as 
it is essential to have direct access to the bone 
in order to gain access to the root in question. 
A full thickness mucoperiosteal fl ap consists of 
the marginal, interdental, and attached gingiva, 
alveolar mucosa, and periosteum [ 20 – 22 ]. This 
fl ap reduces the risk of tears and perforations, 
and upon closure, the periosteum immediately 
begins to reattach [ 22 ]. Furthermore, incisions 
should be long enough to provide adequate tis-
sue to refl ect so that unnecessary tension is not 
placed on the soft tissue. Tears of the tissue heal 
more slowly and leave greater scars as approxi-
mating the margins becomes more diffi cult, and 
associated healing occurs by secondary rather 
than primary intention [ 21 ,  22 ]. 

 Intrasulcular releasing incisions are full thick-
ness cuts directed toward the crestal bone. This 
incision is used in full mucoperiosteal fl aps such 
as triangular-, rectangular-, trapezoidal-, and in 
papilla-base fl ap designs. The contraindication 
of this approach is the presence of a dehiscence 

[ 23 ]. A full thickness incision at a point of dehis-
cence may damage root attachment fi bers lead-
ing to localized chronic periodontal disease [ 23 ]. 
This is one indication for a split thickness design 
to preserve gingiva in the compromised location. 
A split thickness fl ap will provide a suitable sur-
face for reattachment of the fl ap, but this is a tech-
nically challenging approach. The split thickness 
fl ap is contraindicated in areas of normal bone 
as the incision has a greater likelihood of dam-
aging the supraperiosteal vessels [ 7 ]. A simpler 
alternative is the use of limited mucoperiosteal 
fl aps such as the Luebke-Ochsenbein fl aps that 
place right-angle incisions apically to the dehis-
cence. But remember, horizontal incisions should 
always be made leaving at least 2 mm and more 
ideally 3–4 mm of attached gingiva [ 24 – 26 ]. 
Failure to respect this gingival attachment may 
lead to necrosis and sloughing defects of the soft 
tissue as the coronal segment is separated from 
suffi cient blood supply [ 7 ,  27 ]. 

 Care should also be taken to avoid incising 
directly over a bony defect. With the addition of 
 computed cone beam tomography (CBCT)  [ 28 ] 
and skilled interpretation in preoperative plan-
ning, the surgeon has tools to assess the size 
and shape of the lesion as well as predict where 
resulting margins will exist following the oste-
otomy with a high degree of fi delity. Periapical 
radiographs give excellent information regarding 
the extent of cortical bone destruction but sig-
nifi cantly underestimate the measure of the less 
dense trabecular bone loss [ 29 ,  30 ]. The conse-
quence of incision over the lesion is creating a 
pathway for organisms from the oral environment 
into the healing surgical wound postoperatively 
as well as compromising the blood supply to the 
repositioned fl ap. This signifi cantly increases the 
risk of bacterial infi ltration, postoperative pain, 
and gingival defects resulting from necrosis and 
sloughing [ 31 ]. To ensure suffi cient solid bone 
under the margins of the mucoperiosteal fl ap, 
leave at least 5 mm of solid unaffected bone from 
the incision to outer edges of lesions or bony 
defects [ 31 ]. 

 Vertical releasing incisions should be made 
in the shallow depressions between the roots of 
teeth extending to the mesial or distal line angle 

  Fig. 7.5    Esthetic consequences of poor fl ap design and 
incision       
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of the tooth serving as the outer border of the sur-
gical operating fi eld [ 7 ,  10 ,  19 ]. As previously 
discussed, one of the fi ner points is the surgeon 
should utilize the surgical operating microscope 
to help guide the incision perpendicular to the 
gingival margin and then gradually assume a tra-
jectory coincident with the concavity parallel to 
the long axis of the tooth. The thicker gingiva in 
this region adds signifi cant convenience for the 
endodontic surgeon. The thicker tissue provides 
easier manipulation and handling perioperatively. 
It more readily receives and retains sutures upon 
closing of the wound site at the conclusion of the 
procedure as well. An incision through the thin 
tissue over the bony eminence particularly in the 
region of the canines adds unnecessary diffi culty 
to the procedure. As gingiva becomes thinner, it 
tears more easily and is more subject to local-
ized ischemia and resulting necrosis, all of which 
make suturing far more challenging [ 32 ]. These 
challenges to the healing process may result in 
unsightly gingival fenestrations. Incisions at the 
mesial or distal line angles of border teeth pro-
vide additional convenience form for the surgeon 
while minimizing the risk of “black triangles” 
formed on necrosis due to splitting the papilla 
[ 27 ]. Generally, vertical releasing incisions join 
with the intrasulcular or horizontal incisions 1–2 
teeth from the surgically treated tooth [ 33 ]. 

 As previously mentioned, the endodontic sur-
geon should take note of the gingival biotype 
during preoperative planning as well to help 
determine the optimal placement of releasing 
incisions. In evaluating wound healing, it has 
been determined that a thin gingival biotype leads 
to a mean gingival recession of 0.32 mm which 
is signifi cantly more than the gingival recession 
observed in cases with a thick biotype [ 34 ]. This 
is of particular importance in the esthetic zone 
within the smile line and should be considered in 
surgical planning of the fl ap design. 

 Maintaining the position of the incision 
between the roots of teeth within the concavity 
of the alveolus will also help to prevent incisions 
that are horizontal or too severely angled. In 
addition, improperly angled incisions will sever 
supraperiosteal blood vessels and collagen fi bers 
that also travel roughly parallel to the long axis 

of the teeth attaching the crestal bone to gingiva 
[ 3 ,  7 ]. Compromised blood supply may lead 
to necrosis and sloughing of the affected gin-
giva. The impact of the severed collagen fi bers 
becomes evident upon closure when the surgeon 
fi nds that they have contracted, and thus approxi-
mating the margins of the wound becomes dif-
fi cult leading to undue stress on the suture sites 
increasing morbidity and scarring from healing 
by secondary intention [ 35 ]. 

 When the clinical situation requires two verti-
cal releasing incisions, it is important to ensure 
the width of the base of the fl ap is at least as 
long as the width of the separated free gingival 
margin. In order to produce esthetically pleasing 
 outcomes, every attempt should be made to pre-
serve as much blood supply as possible to the fl ap 
in order to optimize healing potential. 

 Once all incisions are made, refl ecting the 
fl ap must be accomplished. This is a critical 
step in managing for esthetic surgical outcomes. 
Periosteal elevators are most commonly used for 
this purpose. These instruments need to be sharp 
and placed well with the bevel facing against the 
alveolar bone such that when controlled force is 
applied tangentially to the bone, the fl ap is lifted 
with mucosa, connective tissue, and periosteum 
as a single unit. Preoperative planning includes 
evaluation of the alveolar bone in the surgical 
fi eld to identify exostoses or defects that will 
require special care on tissue refl ection. Dull 
instruments, failure to press all the way to the 
bone, or erratic discontinuous movements may 
all lead to tearing of the tissue or leaving parts of 
the periosteum attached. 

 Refl ection of the fl ap should begin by placing 
the periosteal elevator within the vertical releas-
ing incision of full mucoperiosteal fl aps a few 
millimeters apical to the junction of the horizon-
tal releasing incision [ 20 ]. The elevator advances 
coronally under the periosteum to minimize trau-
matic forces as the surgeon separates the mar-
ginal gingiva and papillary tissues. This is due 
to the often fragile marginal gingiva and supra-
crestal root attachment fi bers which may lead to 
loss of attachment [ 2 ,  20 ]. 

 The damage resulting from elevation of the 
limited mucoperiosteal fl aps is less critical as the 
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marginal gingiva is left intact and margins of res-
torations are untouched [ 24 ,  26 ]; furthermore, the 
fl ap margin is often hidden beyond the smile line 
[ 26 ]. Nonetheless, it should still be avoided if at 
all possible to avert traumatizing a more delicate 
margin that may lead to shrinkage of the fl ap, 
delayed healing by secondary intention, and scar 
formation. Poor instrumentation on elevation of 
the fl ap increases the chances of postoperative 
pain, scarring, or soft tissue defects on healing 
[ 7 ,  27 ,  36 ] (Fig.  7.6 ).

   Once the fl ap is surgically prepared, released, 
and refl ected, it must be retracted. Blunt retractors 
must rest against the bone apical to the lesion to 
provide adequate visibility of the operating fi eld 
while limiting the risk of crush injuries to the 
vasculature within the fl ap. Appropriate selection 
of retractors is important as retractors that are 
too small provide limited benefi t and allow the 
fl ap to obscure the operating fi eld, while retrac-
tors that are too large may traumatize the tissue. 
Furthermore, when the tissue is being retracted, 
remember to irrigate the periosteal surface of the 
fl ap with saline to prevent desiccation- related 
damage. Do not use sterile water as it is hypo-
tonic to the cells [ 21 ].  

    Conclusion 

 While the measure of success in endodon-
tic surgery was traditionally based on estab-
lished objective criteria, postsurgical esthetic 
results are equally important. Esthetic out-
comes in endodontic surgery have become 
much more viable in recent years due in large 

part to the introduction and utilization of the 
surgical operating microscope. Substantially 
improved visualization with improvement 
in micro instrumentation and fl ap design has 
enhanced the surgeon’s ability to effectively 
manipulate the soft tissues thereby signifi -
cantly improving the predictability of consis-
tent positive esthetic outcomes. With CBCT 
becoming more commonplace, preoperative 
surgical planning has similarly improved. 
Ongoing research to understand additional 
variables in wound healing along with the 
clinical  utilization of growth factors is prom-
ising [ 37 ]. These signifi cant steps forward in 
technology have  provided endodontic sur-
geons with excellent tools for the task at hand, 
but one must not overlook the importance of 
clinical experience and advanced training. 
Endodontists need to maintain the intellectual 
curiosity to look to related fi elds such as oral 
and maxillofacial surgery and periodontology 
which have provided new insights into how 
the surgeon can manage endodontic pathology 
while producing results that are pleasing not 
only when viewed on radiographs, but when 
the patient looks in the mirror.     
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     The root canal anatomy is extremely complex 
and variable [ 1 ], and proper identifi cation of the 
entire root end anatomy, such as identifi cation of 
the root canal system ports of exit, is essential 

for the long-term prognosis of the endodontic 
surgery [ 1 – 4 ]. Therefore, the main goal of the 
osteotomy in endodontic surgery is to provide 
adequate access for proper surgical management 
of the apical part of the root [ 2 – 5 ]. 

 Periapical wound healing following end-
odontic surgery includes repair or regeneration 
of the alveolar bone, periodontal ligament, and 
cementum [ 6 ], and it histologically depends on 
the nature of the wound and on the availability of 
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  8      Periapical Osteotomy 
and Curettage 

           Igor     Tsesis       and     Eyal     Rosen     

    Abstract    

 Periapical osteotomy in endodontic surgery is aimed to provide adequate 
access for a proper surgical management of the apical part of the root. The 
osteotomy should be as small as possible but as large as necessary to 
accomplish the endodontic clinical objectives. Therefore, it is prudent to 
balance between the surgical needs and the case specifi c limitations, in 
order to achieve predictable clinical results with minimal associated risks 
for the patient. 

 Osteotomy produces heat depending on the drill design, the drilling 
technique, and the bone structure. Osteotomy based on light brushing 
motions using sharp high-speed burr, and copious irrigation, may prevent 
the risk of thermal osteonecrosis. 

 The possible damage to adjacent teeth during surgery varies from slight 
surface shaving to a complete root resection. Adjacent teeth should be eval-
uated before endodontic surgery. In case of damage to adjacent tooth dur-
ing surgery, the tooth should be closely monitored, and in case of developing 
signs of pulp necrosis, root canal treatment should be performed. 

 Periapical curettage may jeopardize adjacent anatomical structures. 
Early curettage may also result in intraoperative excessive bleeding, and 
the fi nal thorough curettage can be postponed to the end of the procedure 
when judged necessary.  
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critical resources such as progenitor stem cells, 
growth and differentiation factors, and microen-
vironmental cues such as the extracellular matrix 
[ 6 ,  7 ]. The surrounding periodontal tissues are an 
essential reservoir of resources for the postsurgi-
cal bony healing process [ 6 ,  8 ]. A conservative 
osteotomy compared to a large osteotomy would 
better preserve those critical local resources and 
would facilitate improved conditions for the peri-
apical wound healing process [ 2 ,  6 ,  7 ]. Thus, 
in small periapical bony defects following con-
servative osteotomy, resident osteoblasts, PDL 
cells, and cementoblasts are capable of restoring 
the damaged periapical tissues. However, if the 
size of the osseous defect is too large, osseous 
regeneration of the wound will not occur, and the 
defect might heal by fi brous connective tissue 
repair [ 6 ,  8 ,  9 ]. 

 The geometry of the surgical bony defect is 
also signifi cant for the potential for improved 
wound healing following the surgical procedure. 
Large bony defects, and through-and-through 
lesions, compared to four-wall defects, may com-
promise the potential for periodontal regenera-
tion (by the formation of new bone, cementum, 
and periodontal ligament tissues), due to unde-
sired proliferation of gingival connective tissue 
or migration of oral epithelium into the defect [ 6 , 
 10 ,  11 ]. Refer to the Guided Tissue Regeneration 
(see Chap.   16    ) for additional details. 

 Although it seems that the size of the peri-
apical bony defect does not directly affect the 
long- term prognosis of the surgical procedure, 
the smaller the osteotomy, the faster would be the 
expected healing process [ 2 – 5 ,  12 ]. Rubinstein 
et al. found that small lesion healed within 6.4 
months, while large lesions healed within 11 
months [ 12 ]. Thus, a large osteotomy may lead 
to delayed healing and complicate the postopera-
tive evaluation process. 

 Too small osteotomy may provide insuffi cient 
access for thorough inspection of the root end 
anatomy, thus leading to missing of root anatomy 
and ensuing improper surgical management of 
the root end, therefore, jeopardizing the long- 
term outcome of the procedure [ 1 – 4 ]. 

 Enlarged osteotomy, especially if directed 
towards the coronal margin, may result in 

 excessive removal of healthy bone around the 
cervical part of the tooth, thus potentially leading 
to compromised periodontal attachment and even 
to perio-endo communication and an ensuing 
compromised long-term prognosis of the tooth 
[ 2 ,  13 ]. 

 A large osteotomy may also increase the risk of 
complications that are related to damage to adja-
cent anatomical structures, such as nerve bundles, 
blood vessels, maxillary sinus involvement, and 
damage to adjacent teeth. Refer to nerve injury, 
(see Chaps.   10    ,   11    ,   13    ) 

 An inherent preconceived risk with the tra-
ditional endodontic surgery was potential dam-
age to nerve bundles because of excessive 
osteotomies [ 14 ]. The large osteotomies led to an 
increased risk of direct trauma to nerve bundles 
or to indirect nerve damage by edema or hema-
toma from damage to major blood vessels. This 
potential problem has been overcome with the 
use of surgical operating microscope and refi ned 
microsurgical instruments and ultrasonic tips. 
With the modern microsurgical techniques, the 
size of the osteotomy signifi cantly decreased, to 
just 4–5 mm in diameter, large enough to allow 
the surgical manipulations such as the ability 
of an ultrasonic tip of 3 mm in length to freely 
prepare the root end [ 2 ]. Thus, the potential 
for osteotomy ensuing nerve injury decreased 
signifi cantly. 

 In order to help locating the lesion and identify 
the involved root when there is no fenestration of 
the lesion (intact cortical bone) and when the api-
cal bone is dense, the surgeon should inspect the 
operating fi eld for the presence of root eminences 
in the cortical plate and evaluate the angle of the 
crown to the root. Probing of the bone at the api-
cal region with sharp explorer may be helpful. 
The evaluation of the approximated root length 
based on periapical radiographs and measuring 
the length of the radiographic crown and estimat-
ing the length of the root relatively to the length 
of the crown can help to estimate the position of 
the lesion and reducing the required osteotomy 
size. If the cortical bone plate is thin or absent, 
curettes may be used to expose the apex of the 
root. A CBCT can be helpful in estimation of the 
width of the cortical plate. 
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 In conclusion, the osteotomy should be as 
small as possible but as large as necessary to 
accomplish the clinical objectives. Therefore, 
it is recommended that the osteotomy would be 
planed ahead of time, while balancing between 
the surgical needs and the anatomical and case- 
specifi c hazards and limitations, in order to 
achieve predictable clinical results with minimal 
associated risks for the patient. 

    Thermal Osteonecrosis 
During Drilling 

 Drilling of bone generates heat [ 15 ,  16 ]. The 
bone itself is a poor conductor of heat [ 17 ]. In 
certain cases, the temperature raise may be dam-
aging and even fatal to the bone tissue. Excessive 
frictional heat generated during osteotomy prepa-
ration causes interruption of blood fl ow, inacti-
vation of alkaline phosphatase and decreased 
osteoclastic and osteoblastic activity, dehydra-
tion, and desiccation, with resulting osteocytic 
degeneration and osteonecrosis [ 15 ,  16 ]. 

 The threshold level for heat-induced cortical 
bone necrosis was found to be tissue temperature 
raise to over 47 °C (116.6 °F) for at least 1 min 
[ 18 ]. In endodontic surgery, the problem is possi-
bly aggravated by the temporary decrease in bone 
blood supply due to the local anesthesia rendering 
it more sensitive to heat injury [ 19 ]. Therefore, 
it is critical to reduce the heat generation in the 
bone during the drilling for the osteotomy. 

 The factors that may infl uence the amount 
of heat generated during the osteotomy can be 
related to the drill design, the drilling technique, 
and to the bone structure. 

 There are various controversial reports in the 
literature regarding various burr designs and 
related heat generation during osteotomy, and 
many drill design characteristics were evaluated 
in the context of heat generation during osteot-
omy, including fl ute design, point design, point 
angle, diameter, and the drill material composi-
tion [ 20 ]. 

 Drills wore out during repeated drilling and 
sterilization, therefore reducing the sharpness of 
the drill and causing increased heat production 

[ 20 ]. Thus, ideally, a new drill should be used for 
each surgery. 

 The proper drilling technique is essen-
tial for the prevention of thermal osteonecro-
sis. Controversial reports have been published 
regarding the effect of the speed of the osseous 
drilling on heat generation [ 20 ]. There are wide 
variations in the defi nitions of high and low 
speeds of drilling. While some authors claimed 
that high-speed cutting effects on bone are simi-
lar to or even less than those observed at lower- 
speed ranges [ 21 ], others recommended that the 
drill rotational speed should be reduced as much 
as possible [ 22 ]. 

 It was found that independent increase of 
either the drilling speed or the drilling load 
increased the temperature in the bone. However, 
increasing both the speed and the load together 
allowed for more effi cient cutting with no sig-
nifi cant increase in temperature [ 23 ]. Thus, there 
is no evidence that support a use of a low-speed 
handpiece over the use of a high speed, and it 
seems that the speed of drilling by itself has no 
signifi cant infl uence on heat generation. 

 While there are no recommendations regard-
ing the optimal cooling system to be used in 
endodontic surgery, cooling is essential for pre-
venting the thermal osteonecrosis of the bone. 
The irrigation enhances elimination of debris, 
thus indirectly causing reduction of friction, and 
the lubrication causes reduction in friction [ 20 ]. 

 Cooling may also pose risk of infection 
spreading and may pose a risk of serious intra- 
surgical complications such as emphysema. 
Subcutaneous emphysema is a rare complica-
tion of endodontic surgery and was reported for 
cases when air turbine handpiece was used [ 24 ]. 
Emphysema occurs when air is injected into the 
subcutaneous/submucous layer of the tissue and 
requires a combination of a compressed air pro-
cedure, together with a communication between 
the oral cavity and deeper tissue producing dis-
section [ 24 ,  25 ]. Ideally, a drill should be posi-
tioned so that the air is directed away from the 
surgical fi eld; however, many dentists use drills 
that have an air-and-water-cooled burr. The 
resulting dispersion can direct some of the air 
and water directly into the wound and into the 
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potential spaces of the neck [ 26 ]. When tissue 
emphysema occurs, antibiotic therapy combined 
with close patient observation is necessary. If an 
airway distress appears, a prompt patient hospi-
talization is imperative. 

 The cortical bone is the hardest part of the 
bone, and the duration of bone drilling depends 
on the cortical bone thickness. The hardness of 
cortical bone correlates to bone mineral density 
(BMD). Higher BMD would lead to higher bone 
temperature with the same combination of drill-
ing parameters [ 27 ]. The thickness of a rabbit 
cortical bone is 1.5 mm with average duration of 
drilling of 5 s; cortical bone thickness of human 
femur is 6–6.5 mm with an average duration of 
drilling of 18 s [ 28 ]. 

 Apart from the thermal damage, drilling of 
bone can also cause micro damage to the bone. 
Small cracks accumulate in the mineralized 
matrix of bone which can cause osteocyte apop-
tosis [ 29 ]. However, unlike root dentine, the bone 
constantly goes through a remodeling process 
that is aimed to eliminate these micro bone cracks 

 In conclusion, the safest preparation of the 
osteotomy site in endodontic surgery with the 
least risk of thermal osteonecrosis would be by 
the application of light brushing motions using a 
sharp new high-speed burr and copious irrigation. 

 The use of ultrasonic energy has been proposed 
as an adjunct in endodontic surgery [ 30 – 35 ]. The 
primary advantage of ultrasonic osteotomy is the 
precise, clean, and smooth cutting capability with 
excellent visibility [ 36 ]. While ultrasonic pro-
vides a more conservative and controlled osseous 
incision [ 37 ], Metzger et al. observed that rotary 
burr produced regular bone edges, whereas the 
piezoelectric device produced loosened bone 
edges. The average surface roughness was sig-
nifi cantly higher for the samples prepared with 
the piezoelectric device than for those prepared 
with the rotary bur [ 38 ].  

    Damage to Adjacent Teeth 

 The possible damage to adjacent teeth during 
surgery varies from slight surface shaving to a 
complete root resection. These complications 

were reported to happen not only during end-
odontic surgery, but are quite often in many 
other surgical procedures, such as Caldwell-
Luc approaches to the maxillary sinus, cys-
tectomies, and biopsies in the vicinity of root 
apices, and is most commonly perhaps during 
removal or exposure of impacted teeth [ 39 ]. 
Therefore, adjacent teeth should be evaluated 
before endodontic surgery. The pulpal con-
dition should be checked using vitality tests, 
and the presence of periapical radiolucencies 
or signs of root resorption should be noted 
(Fig.  8.1a – g ).

   The infl uence of root resection on the vital 
pulp has been evaluated in animal studies. Some 
authors reported severe pulp damage with result-
ing fi brotic changes or complete replacement 
of the pulp with new tissue [ 39 ] root resorption 
and pulp necrosis [ 40 ]; others reported that the 
pulp remained vital [ 41 ]. When the injury is not 
extensive and the pulp chamber is not involved, 
healing of PDL without long-term damage can be 
expected. If inadvertent transection of only one 
root occurred in multi-rooted teeth, the vitality of 
the remainder of the tooth may be assured by col-
lateral circulation [ 39 ,  41 ]. 

 In case of damage to adjacent tooth dur-
ing bone cutting, the tooth should be closely 
monitored, and in case of developing signs of 
pulp necrosis, root canal treatment should be 
performed.  

    Periapical Curettage 

 Periapical curettage is a surgical procedure to 
remove diseased or reactive tissue and/or foreign 
material around the root [ 42 ]. At the same time, 
curettage may help attaining access to the surgi-
cal site and visualization of root end anatomy. 
Ideally, if the pathological tissue is removed in 
one piece, there is less bleeding and less dissemi-
nation of the infection into adjacent bone and soft 
tissues (Fig.  8.2a ,  b ). Moreover, in cases when a 
biopsy is indicated, controlled complete removal 
of the tissue in one piece without crashing or 
tearing facilitates histological examination and 
fi nal diagnosis.
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  Fig. 8.1    A large periapical lesion related to the second 
maxillary incisor, the fi rst incisor tested vital. ( a ) 
Preoperative radiograph. ( b ) Intraoperative photograph 
following fl ap elevation, a large osseous defect is exposed. 
( c ) Following curettage of the granulation tissue, the apex 
of the fi rst incisor is exposed, and its neurovascular bundle 

is severed. ( d ) Root end preparation and fi lling performed 
on both maxillary incisors. ( e ) Immediate postoperative 
radiograph with root end fi lling on both incisors. ( f ) 
Orthograde root canal treatment of the fi rst incisor com-
pleted 1 week following the surgery. ( g ) Incomplete heal-
ing (scar) 1 year following the surgery           
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a b

  Fig. 8.2    Periapical curettage in endodontic surgery. ( a ) Bone fenestration with granulation tissue following fl ap eleva-
tion. ( b ) Periapical curettage demonstrating a complete removal of the pathological tissue in one piece       

   In the majority of cases, the pathological peri-
apical tissues are reactive responses to irritants 
from the root canal. Therefore, it is not necessary 
to completely curette all the infl amed periradicu-
lar tissues during surgery, since this granulation- 
like tissue will be incorporated into the new 
granulation tissue as part of the healing process 
[ 43 ]. Overzealous curettage may jeopardize adja-
cent anatomical structures, resulting in bleeding 
and impeded healing. 

 For a complete removal of the periapical 
pathological tissues, larger osteotomy should 
be created thus resulting in larger bone cavity 
that should heal, which can infl uence both the 
postoperative quality of life, the fl ap reposition, 
together with the healing time, and eventually the 
outcome of the procedure [ 44 ]. 

 It has been stated in the literature that complete 
curettage should be performed early in the surgery 
to prevent bleeding during root end management [ 2 , 
 5 ,  44 ]. While in theory it seems a logical assump-
tion, in reality in most of the cases, it is much eas-
ier to achieve good hemostasis using appropriate 
technique (see Chap.   11    ) on ischemic granulation 
tissue than on healthy bone lining the osteotomy 
site. In addition, a granulation tissue may limit 
the dissemination of debris and foreign materials 

that are released during the root end preparation 
and prevent the contamination of bone or adjacent 
anatomical structures such as maxillary sinus. The 
fi nal thorough curettage can be performed at the 
end of the procedure when judged necessary.     
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       Introduction 

 Root-end management is a fundamental part of 
endodontic surgery. It involves a root resection, 
preparation for the root-end cavity, and obturation 
of the apical root canal. This phase is critical for 
the resolution of the periapical pathosis, allowing 
periradicular tissue regeneration including the 
formation of a new attachment apparatus. 

 The management of the root end can be 
divided into different phases (apex resection, ret-
rograde cavity preparation, and apical sealing). 
In each phase, several complications can occur 
due to inadequate planning of the procedure, 
inappropriate technique, or anatomical character-
istics of the site. The success of the entire 
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    Abstract  

  Root-end management is a fundamental part of endodontic surgery. It 
involves a root resection, preparation for the root-end cavity, and obtura-
tion of the apical root canal. This phase is critical for the resolution of the 
periapical pathosis, allowing periradicular tissue regeneration including 
the formation of a new attachment apparatus. 

 The management of the root end can be divided into different phases 
(apex resection, retrograde cavity preparation, and apical sealing). In each 
phase, several complications can occur due to inadequate planning of the 
procedure, inappropriate technique, or anatomical characteristics of the 
site. The success of the entire endodontic surgery may be severely infl u-
enced by the occurrence of an adverse event during the root-end 
management. 

 Complication prevention and early identifi cation can allow an adequate 
management of such event, allowing a successful procedure.  

mailto:stefano.corbella@gmail.com
mailto:massimo.delfabbro@unimi.it
mailto:silvio.taschieri@fastwebnet.it
mailto:dr.eyalrosen@gmail.com


90

endodontic surgery may be severely infl uenced 
by the occurrence of an adverse event during the 
root-end management. 

 Complication prevention and early identifi ca-
tion can allow an adequate management of such 
event, allowing a successful procedure (Fig.  9.1 ).

   A knowledge of all the possible complications 
and their clinical and radiological signs, together 
with the application of techniques for their man-
agement, is fundamental to successfully perform 
an adequate root-end management.  

   Apex Resection 

 The resection of the root end was traditionally 
recommended in order to remove the contami-
nated apical part of the root canal and to provide 
access for retrograde cavity preparation [ 1 ,  2 ]:
•    Most canal aberrations and anomalies are within 

the apical 3 mm of the root; this is the least 
amount of root end that should be removed [ 3 ].  

•   Apex resection is fundamental for the visual-
ization of apical foramen and to provide 
access to retrograde preparation.    
 But, in some cases, the benefi ts of root resec-

tion could be questionable:
•    Apicoectomy results in the exposure of an 

oval canal shape, which may, combined with 
root shortening, result in increased leakage [ 4 ] 
(Fig.  9.2 ).

•       Reduction of the crown-to-root ratio may 
compromise the survival of the tooth in the 
long run [ 3 ,  5 ].  

•   In cases with long posts, the root resection 
may compromise the preparation of the retro-
grade cavity and may result in insuffi cient 
space for a retrograde sealing material.  

•   Resection of the root apex may expose the peri-
apical tissues’ infected dentinal tubules and canal 
irregularities included in this part of the root, 
which may cause endodontic surgery to fail [ 2 ].    
 Abrasion of the root apex can be an alternative 

to the direct cut of the apical portion. Abrasion 
allows a better control of the length of the por-
tion that is excised and can help to correct small 
variability in bevel angle. Moreover, abrasion is 
an easier technique to perform than apex resec-
tion, because it can limit the possibility of an 
 undesirable migration of the resected apex into 
the sinus cavity, when there is communication of 
the lesion with the maxillary sinus. 

   Bevel 

 When the apical end of a root is removed, the 
remaining surface of the root is described as hav-
ing been “beveled” [ 6 ]. The shape and direction 
of the bevel can strongly infl uence both success 
rate of the whole procedure and the incidence of 
complications that may occur. 

a

b

c1

c2

d

  Fig. 9.1    Surgical endodontic treatment of the fi rst mandibular molar       
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 Historically, a long bevel was proposed in 
order to obtain a better visualization, especially 
in posterior regions, of the root end and an easier 
access while preparing the retrograde cavity. 
However, nowadays, several drawbacks can be 
evaluated and considered while using a large 
bevel which has to be avoided due to the improve-
ments in technique and instruments available. 
Main complications and drawbacks can be:
•    Increased leakage due to the exposure and 

opening of a large area of the dentinal canals 
that create an access to the root canal that can-
not be sealed [ 7 ] (Fig.  9.2 ).  

•   A risk of leaving a lingual part of the root 
untreated and missing the root canal anatomy 
(Fig.  9.3 ).

•      An attempt to remove enough apical root can 
cause an excessive shortening of the root and 
damage to the crown-to-root ratio, shortening 
the remaining portion of the root.  

•   The shape of the root end becomes more oval 
than round, when resecting the apex with 

an angle different from 90°; this can create 
more diffi culties in sealing a higher risk of 
leakage.     

   Crown-to-Root Ratio 

 Crown-to-root ratio is defi ned as the physical 
relationship between the portion of the tooth 
within the alveolar bone and the portion not 
within the alveolar bone, as determined radio-
graphically [ 8 ]. While an ideal crown-to-root 
ratio of 1:2 has been suggested for a tooth to 
serve as an abutment, it is rarely observed in 
practice. The original guidelines for crown-to- 
root ratio in the selection of abutments were 
found to be exceptionally conservative and treat-
ment limiting, and 1:1 ratio might be adequate in 
cases with a carefully designed occlusion and 
controlled periodontal infl ammation [ 9 ]. 

 Various clinical procedures have been reported 
to directly affect the crown-to-root ratio such as 

a

b

  Fig. 9.2    The fi gure shows the 
difference between an oblique 
cutting angle ( a ) and a 90° 
one ( b ). An oblique cutting 
angle causes the exposure of a 
larger area, containing dentinal 
tubules ( a ). A 90° cutting 
angle results in a round shape 
of the root-end and a minimal 
exposure of dentinal canals ( b )       
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abutment preparation for overdentures, surgical 
crown lengthening, and forced eruption [ 5 ]. 

 Endodontic surgery cuts off the apical root and 
may result in an unfavorable crown-to-root ratio. 

 While most roots have a conical shape, molars 
have root trunk portion with wider surface area 
than just conical root portion. Thus, on these 
teeth the loss of apical root is less signifi cant for 
alveolar bone support [ 10 ]. 

 The most common cause of increased crown-
to- root ratio is marginal periodontitis [ 11 ]. 
Cervical bone support is the most important to 
sustain the stresses from occlusal load. Therefore, 
periodontal bone loss is detrimental to the prog-
nosis of abutment tooth. On the contrary, apical 
root resection is not as harmful as periodontal 
bone loss because the occlusal stress concentrates 
on the cervical area, not on the apical area [ 10 ]. 

 However, from an anatomical point of view, 
the amputation of the apex, which decreases the 
longitudinal distance between alveolar bone mar-
gin and resected root end, can increase the risk of 
endo-perio communication, increasing the risk of 
infection spread. 

 The preservation of an adequate crown-to-root 
ratio should be considered essential in endodon-
tic surgery. The use of a minimum bevel allows a 

greater preservation of the tooth structure than a 
larger bevel does. However, it should be taken 
into consideration that the main goal of endodon-
tic surgery remains the regeneration of periapical 
tissues after the removal of the infectious periapi-
cal  noxa . As reported, the aim of preserving tooth 
structure must not compromise the goal of end-
odontic surgery [ 12 ].  

   Missed Canals and Anatomy 

 Missed multiple canals or missed complete roots 
are among the most severe complications because 
it may compromise the success of the procedure 
due to persistence of pathogens in contact with 
the tooth surrounding the tissues. 

 This occurrence can be caused by an inade-
quate root resection or incomplete visualization 
of the anatomy both in planning and in surgical 
phases. Missing root canal anatomy is strictly 
linked to the anatomy of the tooth or of the root 
that has to be treated (Fig.  9.4 ). 

 It is known that many variations can be 
observed in the root canal anatomy of the tooth, 
as described by Vertucci [ 13 ]. In his publications 
the authors described a number of different root 

a b c

  Fig. 9.3    Incomplete root-end resection ( a ). While it is seen on the mesio-distal radiograph ( b ), the incomplete root-end 
resection is not visible on a bucco-lingual radiograph ( c )       
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canal anatomical features, classifying them on 
the basis of the number of canals and isthmus or 
communications among them (Fig.  9.5 ) . 

 So, the shape of the root canal end after resec-
tion can be different on the basis of the position of 
the resection plane, affecting the three- 
dimensional sealing procedure. A deep knowl-
edge of root canal anatomy allows an appropriate 
planning of the procedure and, during the surgery, 
can reduce the risk of missing root anatomy.   

   Retrograde Cavity Preparation 

   Tridimensional Filling and Sealing 

 The preparation of the root-end cavity aims to 
create the conditions for a tridimensional obtura-
tion of the root end, eliminating the pathways of 

the source of infection from the root canal into 
periradicular tissues. 

 The ideal root-end cavity preparation should 
be at least 3–5 mm deep Black class-I cavity, 
with walls parallel to the long axis of the root 
[ 14 ], and should incorporate the root canal 
anatomy and retain the retrograde fi lling mate-
rial [ 15 ]. 

 Several complications can occur during root- 
end preparation due to inadequate instrumenta-
tion or visualization of the surgical site:
•    Inadequate cleaning of the canal due to inap-

propriate instrumentation and irrigation of 
the root end can lead to unsuccessful heal-
ing, with the persistence of infectious micro-
organisms; it can follow an incorrect 
angulation of the endodontic tip, leaving a 
portion of the canal unprepared and 
contaminated.  

a

b

c

  Fig. 9.4    Figures show that an not suffi cient root-end 
resection can cause the missing of the root canal anatomy 
( a ,  b ). In this case, a maxilllary molar, second mesiobuc-

cal canal became visible only when appropriate root-end 
resection was performed ( c )       
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•   Deviation of the preparation from the long 
axis of the tooth, caused by an inadequate 
angulation of the endodontic tip.  

•   Root perforation due to inadequate visualiza-
tion and deviations of the path of the prepara-
tion from the root canal (Fig.  9.6  ).  

•   Missed canals and anatomy because of inap-
propriate use of visualization devices.  

•   Hemorrhage of the surrounding tissue can limit 
the possibility of an adequate and complete view 
of the root-end anatomy. The use of hemostatic 
agents can help in cases of excessive bleeding.    

  Fig. 9.5      ( a ) Mesiobuccal root 
of a maxillary molar. 
Different position of the 
cutting plane results in 
variable anatomy of the 
root-end. In the Figures A to 
D some examples of anatomy 
are proposed from coronal to 
apical portion of the root. (b) 
Maxillary premolar. Different 
position of the cutting plane 
results in variable anatomy of 
the root-end. Some examples 
of anatomy are proposed from 
coronal to apical portion of 
the root       
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 Some complications can occur also depending 
on the instruments used for root-end preparation. 
The use of burs can be associated to an inade-
quate visualization of the site. Moreover the 
angulation of the burs cannot be completely con-
trolled, and the high abrasive power may cause 
perforations or deviation from the long axis of 
the tooth that cannot easily be cleaned and sealed. 

 However, also the use of ultrasonic endodontic 
tips may have several drawbacks that should be 
considered. Fracture of the tip can occur while 
cleaning the canal, and usually the fractured por-
tion can be removed easily even with the use of 
magnifi cation devices (Fig.  9.7 ). Dentinal crack 
may follow the preparation of the root ends due to 
the effects of ultrasonic instrumentation on den-
tinal structures. Fractures must be detected, pre-
pared through removal, and sealed as a lateral 
canal. Transportations and root perforations can 
occur also with ultrasonic instrumentation although 
they are less frequent than when using burs.  

 Many advantages of ultrasonic preparation 
have to be considered. A better and safer 
 preparation can be achieved with ultrasonic tips, 
with a better alignment (parallelism) of the root-

end cavity with the long axis of the root canal. 
Moreover the preparation of complex anatomical 
situations can be achieved with less risks of per-
foration and of missing anatomy [ 16 ]. 

 The ultrasonic cavities produced more parallel 
walls and deeper depths for retention. In addition, 
the ultrasonic tips followed the direction of the 
canals more closely than those prepared by burs. 
Scanning electron microscopic examination of 
the cavity walls showed presence of cleaner sur-
faces of root-end cavities prepared by ultrasonic 
tips than those made with burs [ 17 ]. 

 Ultrasonic diamond-coated tips preparation is 
easier and faster, but the tips should be used cau-
tiously to avoid over-preparation or perforation 
of the root end [ 18 ]. 

 Several simple indications may help a safe and 
effective use of ultrasonic endodontic tips. First, 
the lighter the touch, the more effi cient the cut-
ting will be, while the use of a greater pressure 
may cause fracture of the tips and perforations. 
Then the correct amount of water is very impor-
tant. In fact, if too much spray is used, visibility 
and cutting effi ciency are both decreased. On the 
contrary, if too little water is used, the necessary 

  Fig. 9.6      The fi gure shows a clinical situation when a 45° 
angle of resection was used (a, b). In fi gure (b) and (c) an 
inadequate visualization together with an inappropriate 
use of the device can cause a perforation (palatal) due to 

the angulation. In fi gure ( e ) and ( f ) it is evident that the 
perforation is visible only through a radiograph in mesio-
distal direction       
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  Fig. 9.7      (a) SEM analysis of a root-end; dentinal cracks 
are visible on the surface and should be adequately 
treated. (b) SEM analysis of a root-end; dentinal cracks 
can go from the external surface of the root, directing to 

the root canal. (c) The use of ultrasonic tips may cause 
dentinal cracks due to the preparation. The crack has to be 
treated as an accessory canal before sealing       

a

b
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amount of cooling and rinsing of the debris will 
not occur. This can cause overheating of the root 
dentin [ 6 ].  

   Retrograde Obturation 

 A three-dimensional fi lling of the prepared apical 
portion of the resected root is the last phase of 
root-end management. The purpose of root-end 
fi lling is to seal the canal in order to prevent bac-
teria and their by-products that remain in the root 
canal from entering the periapical tissue. In any 
case, a toxic product is unacceptable as a root- 
end fi lling material. 

 If the previous phases were performed cor-
rectly, a proper apical seal can be obtained with 
consequent success of the whole endodontic 
 surgery. However, in certain cases complications 
that infl uence the sealing ability may occur. 

 Inadequate placement and compaction of 
the root-end fi lling material due to misuse of 
 instruments and an insuffi cient visualization of 
the  root-end cavity are the main causes of an 
inappropriate obturation. The sealing material 
should be plugged carefully, and plugging must 
be repeated several times using small quantity of 
materials, to achieve a better control of the pro-
cedure (Fig.  9.8 ) . Magnifi cation devices (surgical 
microscope or endoscope) should be always used 
during the procedure to have a complete visual-
ization of the root end. “Blind” procedures must 
be avoided. In cases of doubtful fi lling, intraop-
erative radiographs should be used to have the 
certainty of three-dimensional fi lling, while most 
of the sealing materials are radiopaque (Fig.  9.9 ) . 

 Excessive bleeding, or wetting of the cavity, 
can preclude the possibility of an adequate  fi lling 
due to the limits of adequate visualization and to 
the impossibility of a three-dimensional fi lling 

  Fig. 9.8      (a) Sealing of the root-end after resection and removal of the root canal guttapercha. (b) SEM analysis of the 
sample in (a). the fi ller is in contact with the internal root canal wall       

a

b
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due to the hydrophobic characteristics of the 
sealing material. To obtain a correct fi lling, root-
end cavity should be dried carefully through the 
use of paper points, and bleeding from the 
 surrounding tissues (periodontal ligament and 
bone) should be stopped using hemostatic agents 
(collagen, bone wax, tranexamic acid, and oth-
ers). Only when the cavity is dried and bleeding 
is controlled can the fi lling procedure begin. 

 After completing the fi lling, fi nishing burs, 
curettes, and cotton pellet can be useful in fi nish-
ing the sealing material, reducing the possibility 
of further migration of the material in the sur-
rounding tissues and eliminating sealing in 
excess. Moreover, the presence of extruded mate-
rial could prevent an adequate visual control of 
the sealing that must always follow the root-end 
management procedure. 

 The biocompatibility has been claimed to be 
one of the most important requirements of any 
root-end fi lling material [ 19 ]. 

 As long as root-end fi lling remains confi ned 
within the root canal, it seems that a degree of its 
biocompatibility does not play a signifi cant role 
in the outcome or possible adverse effects and 
complications of endodontic surgery. 

 As a rule, the root-end fi lling materials should 
be confi ned to the root canal; thus, a maximal 
contact surface should not exceed the diameter 
of apical preparation. At this interface, the 
 interaction between the material and periapical 
tissues occurs. With some materials, a fully 
reconstituted periodontal ligament with a newly 
formed cementum over the resected root end and 
the root-end fi lling material were demonstrated in 
certain cases, though unpredictably [ 19 ,  20 ]. 
While  theoretically the ultimate goal of any surgi-
cal treatment is an achievement of complete tis-
sue regeneration, in practice, the clinical 
signifi cance of the reconstruction of the normal 
anatomy of cementum in contact with fractions of 
millimeters of interface of root-end fi lling remains 
unclear. 

 But, in case of inadvertent extrusion of root- 
end fi lling material into periapical tissues, the 
biocompatibility becomes an issue. 

 Many materials are used for root canal seal-
ing. Amalgam was mostly used in the past and 
was considered as the material of choice in tradi-
tional endodontic surgery. Amalgam has several 
drawbacks, including corrosion and dimensional 
changes, amalgam tattoos, and some issues con-
cerning biocompatibility. Many authors showed 
that amalgam causes the presence of a persistent 
infl ammation at the root end, with unfavorable 
tissue response [ 21 – 23 ]. The biocompatibility of 
amalgam also depends on the composition of the 
alloy. As an example, the presence of zinc is 
associated to cytotoxic reactions [ 23 ]. 

 Zinc oxide-eugenol (ZOE) cements have 
biologic properties that can infl uence their bio-
compatibility. Eugenol is the main cytotoxic 
component in ZOE cements [ 24 ]. Also zinc 
demonstrates a cytotoxic effect. As regards eth-
oxybenzoic acid (EBA) as SuperEBA cement, 
the major cytotoxic component is represented by 
 liquid eugenol, even though it rapidly  dissolves 

a b

d
c

  Fig. 9.9      (a–d) it can be observed that a non-axial prepara-
tion of retrograde cavity may lead to incomplete and inade-
quate sealing of the root canal system       
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over time [ 25 ]. Moreover the relatively low solu-
bility of SuperEBA if compared to other ZOE 
cements is responsible for the higher biocom-
patibility [ 23 ]. Also observed was a better cel-
lular response to ZOE cements (SuperEBA in 
particular) than amalgam, with the absence of an 
infl ammatory reaction, as seen in histologic stud-
ies [ 26 ]. 

 Mineral Trioxide Aggregate (MTA) is one of 
the most commonly used materials in three- 
dimensional root-end sealing. The biocompati-
bility of MTA was widely demonstrated by 
scientifi c literature [ 23 ]. Moreover, MTA has the 
ability of favoring hard tissue deposition and 
periodontal ligament formation when used as a 
retrograde fi ller [ 27 ]. Currently, MTA should be 
considered the most biocompatible material for 
retrograde fi lling. Glass-ionomer cements were 
also used as sealing materials in endodontic sur-
gery. An intense infl ammatory response was 
demonstrated by in vitro studies, even though the 
infl ammation can disappear over time [ 23 ,  28 ]. 
Composite resin demonstrated an inhibitory 
effect on cell growth and was not able to induce 
the production of cytokines [ 29 ].   

   Conclusion 

 Root-end management could be complicated 
by several occurrences that may prevent the 
successful healing of the periapical lesion 
after periradicular surgery. A deep knowledge 
of all the possible complications may help the 
surgeon both in the prevention of such occur-
rences, through the adoption of safer proce-
dures, and in their management. Most of the 
occurrences can be managed without aborting 
the whole procedure, and, if adequate proto-
cols of management are adopted, the success 
rate may not be infl uenced.     
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       Maxillary Sinus Anatomy 
and Physiology 

 The maxillary sinus (or antrum of Highmore) is 
the largest among the paranasal cavities. The 
average dimensions of the adult maxillary sinus 
are 2.5–3.5 cm wide, 3.6–4.5 cm high, and 3.8–
4.5 cm deep [ 1 ]. Its estimated volume is approxi-
mately 12–15 cc [ 2 ]. 

 The sinus cavity is an aerial cavity of a trian-
gular pyramid shape, with three walls: a superior 
wall that corresponds to the fl oor of the orbit, a 
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    Abstract  

  The maxillary sinuses are large aerial cavities superior to the oral cavity, 
which have important implications on oral surgery in general and on end-
odontic surgery in particular. In cases of maxillary tooth necrosis and 
infection, microorganisms might be in contact with structures of the max-
illary sinus such as Schneiderian membrane, either due to direct contact 
between the infected tooth apex and the membrane or due to expansion of 
the bony lesion into the maxillary sinus. 

 Hence, cases of maxillary tooth infection may lead to sinusitis, a com-
plication with important implications for patients, which should be taken 
into consideration while planning treatment for tooth infection. 

 For endodontic surgery, when a periapical lesion involves the maxillary 
sinus, removal of the infection should be performed carefully, in order to 
avoid perforation of the sinus membrane or limit its extension. The sinus 
cavity must be protected during the apical third preparation and while 
sealing, for avoiding the extrusion of the fi lling material into the cavity. 

 As endodontic surgery may involve the maxillary sinus, adequate con-
siderations and measures should be taken while planning and executing 
the surgery.  
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posterior wall that corresponds to the maxillary 
tuberosity and is located near the infratemporal 
and pterygopalatine fossae, and an anterolateral 
wall which is depressed because of the presence 
of the canine eminence (Fig.  10.1 ).

   The maxillary sinus bony cavity is internally 
lined by a mucous membrane, named 
Schneiderian membrane, which is covered by a 
pseudostratifi ed columnar ciliated epithelium. 
The sinus epithelium has similar characteristics 
to the respiratory epithelium, but with less vascu-
larization than the nasal epithelium. The antral 
mucosa is thinner and less vascular than nasal 
mucosa [ 1 ]. The membrane is of variable thick-
ness, ranging between 0.13 and 0.5 mm. 

 A natural opening from the maxillary sinus 
(maxillary ostium) is located anterosuperiorly on 
the medial wall of the sinus. It is the only sinus 
drainage pathway, and it drains into the middle 
meatus. The ostium has a mean diameter of 
2.4 mm [ 3 ] (Fig.  10.2 ).

   The ciliated cells of the maxillary mucosa are 
able to beat about 8–20 times per second, in a 
specifi c direction, resulting in a pattern of mucus 
fl ows, which often moves material against grav-
ity to the sinus’ exit. Thus, mucus may travel 

around the entire sinus cavity prior to exiting 
through the ostium and draining out. 

 Non-ciliated cells of the maxillary mucosa are 
characterized by microvilli that cover the apical 
aspect of the cell and serve to increase the surface 
area of the epithelium in order to improve air 
humidifi cation and warming. 

 Serous and mucinous glands are located 
under the basal membrane and produce thick or 
thin mucus in response to the autonomic ner-
vous system (parasympathetic system) [ 4 ]. The 
sinus’ mucus is composed mostly of water 
(96 %), but also contains immunoglobulins and 
additional factors. It constitutes the most impor-
tant mechanism of protection of the nasal-sinus 
apparatus. 

 The maxillary vascular network is extensive, 
guaranteeing a high amount of blood fl ow, which 
have important surgical implications (Fig.  10.3 ).

   The venous drainage of the maxillary sinus 
occurs via the facial vein, the sphenopalatine 
vein, and the pterygoid plexus. The fact that the 
venous drainage of the sinus may occur both via 
typical pathways as the jugular veins and via the 
ethmoidal and frontal sinuses up to the cavernous 
sinus implies a risk of cerebral infection  following 
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  Fig. 10.1    The sinus cavity is an aerial cavity of a triangular pyramid shape whose medial base corresponds to the lat-
eral vertical wall of the nose and whose apex extends within the zygomatic process of the maxillary bone       
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maxillary sinus contamination. Spread of infec-
tion via this route is a serious complication of 
maxillary sinus infections [ 5 ]. 

 The maxillary sinus nerve supply is via the 
maxillary branch of the trigeminal nerve, coming 
directly from the posterior middle superior nerves 
(in the posterior wall) and anterior superior alve-
olar nerves (anterior wall), the infraorbital nerve 
(superior or orbital wall), the anterior palatine 

nerve, and the lateral branches of the sphenopala-
tine nerve (medial or nasal wall) [ 6 ]. 

 The alveolar nerves travel within the anterior 
wall of the sinus and innervate the related teeth 
[ 7 ]. Thus, it may be diffi cult to distinguish 
between pain of a dental origin and pain originat-
ing from the maxillary sinus. 

 The maxillary sinus plays several roles in the 
human body, such as reducing the relative weight 

  Fig. 10.2    Computed 
tomography scan ( left side ) 
and an endoscopic view ( right 
side ) of the maxillary sinus 
ostium ( arrow )       

  Fig. 10.3    Computed tomography scan 3D view of the 
lateral wall of the maxillary sinus which shows the point 
of emergence of the infraorbital artery (IOA) and the point 

of anastomosis between the IOA and the alveolar antral 
artery (AAA) as well as the route of the AAA. The arrow 
identifi es the CT image of AAA       
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of the cranium, insulating sensitive structures, 
providing immunological defense, and more. 
Still, the function of the paranasal sinuses remains 
partially unknown. It is suggested that the main 
functional structure of the nasal fossa and para-
nasal sinuses is the mucosal lining, which helps 
the removal of inhaled particles [ 8 ].  

   Morphological Features of Upper 
Maxillary Roots in Relation 
to the Maxillary Sinus, Periapical 
Infections, and Sinusitis 

 Many bacterial and fungal species, such as 
 Streptococcus ,  Candida  (especially  C. albicans ), 
and  Propionibacterium  may be involved in the 
etiology of persistent periapical infections [ 9 ]. 
Cultural studies showed that one of the most 
common bacterial species found in this type of 
lesions is  Enterococcus faecalis  [ 10 – 12 ]. 

 In patients with chronic rhinosinusitis with 
nasal polyposis (CRS with NP), the presence of a 
complex bacterial contamination has been dem-
onstrated. This contamination may cause damage 
to the mucosa, resulting in an infl ammatory pro-
cess, which may lead to a hyperplastic process. 
 Staphylococcus  species,  Streptococcus viridans , 
 Pseudomonas aeruginosa ,  Enterococcus faeca-
lis , and  Corynebacterium  [ 13 ], and even Fungi, 
may be associated with cases of chronic hyper-
plastic sinusitis (CHS). 

 It is important to note that many microor-
ganisms were found both in the maxillary sinus 
and in endodontic infections, for example, 
 Staphylococcus epidermidis ,  Staphylococcus 
aureus ,  Klebsiella  spp., and Streptococci [ 14 ]. 

 Microorganisms that may contaminate the extra-
radicular tissues are the few bacterial species able to 
survive outside the root canals in an immune-hostile 
environment. For example,  Actinomyces  ( A. israelii  
and  A. radicidentis ) that elude the host immune 
system response by avoiding the phagocytic mech-
anism through bacterial aggregation [ 14 ]. Infection 
of the sinus caused by  Actinomyces  may therefore 
be diffi cult to treat because of the characteristics of 
resistance of these microorganisms [ 15 ,  16 ]. 

 Intimate anatomic relationship may exist 
between the roots of the fi rst and second maxil-

lary molars and the maxillary sinus, sometimes 
with only a thin layer of cancellous bone separat-
ing the sockets of these maxillary molars and the 
fl oor of the sinus cavity. In many cases the molar 
roots may even protrude into the sinus cavity [ 8 ]. 
The root tip may touch or overlap the sinus fl oor, 
and the root apices may project into the fl oor of 
the sinus causing small elevations or promi-
nences [ 17 ]. The mean distance between the 
maxillary posterior teeth and the fl oor of the 
maxillary sinus is about 2 mm. 

 Periapical periodontitis may result in maxil-
lary sinusitis of dental origin with resultant 
infl ammation and thickening of the mucosal lin-
ing of the sinus in areas adjacent to the involved 
teeth (Fig.  10.4a ,  b ). Melen et al. reported that the 
frequency of sinusitis of dental origin varied con-
siderably, ranging between 4.6 and 47 % of all 
sinusitis cases [ 18 ]. Studies showed that sinus 
mucosal hyperplasia is present in approximately 
80 % of maxillary teeth with periapical pathol-
ogy [ 19 ]. The closer the apex of a pulpally 
involved tooth to the fl oor of the sinus, the more 
likely and the greater the impact on the sinus tis-
sues [ 20 ].

   In a study performed on cadavers in 1943, 
Bauer [ 21 ] reported a direct extension of dental 
sepsis into the sinus and presented examples of 
pulpally involved teeth with histologically evi-
dent extension of the disease into the maxillary 
sinus. The same study also revealed microscopi-
cally the “diseased areas,” showing the destruc-
tion of the bone separating the sinus from the 
teeth, with particular loss of the cortical bone 
normally found in the sinus fl oor. Other changes 
were found in the sinus mucosa, such as swelling 
with infl ammation, cyst formation, hypertrophy, 
and even transformation of the mucosa to granu-
lation tissue, hyalinization, or complete necrosis 
[ 21 ]. 

 Sinusitis may follow endodontic surgery in 
the absence of previous infl ammation of the sinus 
mucosa. The resected apex, the root canal fi ller 
(most frequently gutta-percha), and/or the retro-
grade fi ller may migrate into the maxillary sinus 
cavity, inducing a foreign body reaction by the 
respiratory mucosa, leading to a sinusitis. 
Moreover, oral pathogens may directly infect the 
maxillary mucosa by migrating from the oral 
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environment or from the periapical lesion area 
into the sinus. Another mechanism of sinusitis 
following periapical surgery is the obstruction of 
the ostium due to postoperative swelling of the 
maxillary sinus mucosa with complete impair-
ment of the function of the mucociliary cleansing 
system, even in the absence of membrane perfo-
ration and direct communication between the 
sinus and oral cavities [ 22 ]. 

 Sinusitis (or rhinosinusitis) is defi ned as an 
infl ammation of the mucous membrane that 

lines the paranasal sinuses and is classifi ed to 
several categories based on chronology of the 
disease:
    1.    Acute: a new infection that may last up to four 

weeks and can be subdivided symptomatically 
into severe and non-severe.   

   2.    Recurrent acute: four or more separate episodes 
of acute sinusitis that occur within one year.   

   3.    Subacute: an infection that lasts between four 
and 12 weeks and represents a transition 
between acute and chronic infection.   

a

a

d e f

b c
b

  Fig. 10.4    ( a ) Computed tomography views of a maxil-
lary premolar tooth with persistent periapical endodontic 
lesion and the tooth soon after extraction showing the api-
cal lesion attached to the root apex. ( b ) A sequence    of 
SEM images at different magnifi cation of a section pass-
ing through the apical foramen of treated tooth. ( a : Apical 
third of the root canal system showing a pathological tis-

sue attached to the apex,  b ,  c ,  e : Bacterial biofi lm in con-
tact with the apical wall of the root surface extending to 
the external root surface, d: bacterial biofi lm at higher 
magnifi cation showing intertwining bacterial fi laments 
appears to be mainly constituted by  E. Coli ). A pathologic 
tissue is attached to the apex. Bacterial biofi lm protrudes 
through the apical foramen       
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   4.    Chronic rhinosinusitis: the signs and symp-
toms last for more than 12 weeks.   

   5.    Acute exacerbation of chronic sinusitis: the 
signs and symptoms of chronic rhinosinusitis 
exacerbate but return to baseline after 
treatment.     
 The typical signs and symptoms of sinusitis 

are headache and facial pain, or a constant dull 
pressure (dull pain), or ache over the affected 
sinuses [ 4 ]. This pain is typically localized in 
the involved sinus and may change when the 
affected person bends over or lies down or dur-
ing mastication. A feeling of “fullness” around 
the fi rst molar-second premolar area is often 
present [ 23 ]. 

 Sinusitis may be accompanied by thick nasal 
discharge and may contain pus (purulent) and/or 
blood. Nasal discharge is considered a signifi cant 
sign of sinus infection. 

 Severe acute or subacute sinusitis rarely pro-
duces fever. However, as said before, severe ful-
minant sinusitis may produce high fever. 

 Some authors correlated the time course of 
disease development to the degree of infection [ 5 , 
 24 – 26 ]. 

 In periapical chronic infl ammation, the dis-
ease develops slowly, with no signifi cant infec-
tion, and its spreading within the sinus may be 
slow and with minimal impact. On the contrary, 
acute infectious pulpal disease is much more rap-
idly spreading and destructive, involving the 
adjacent sinus within a short time. There have 
been reported cases of rapid spread of dental 
infections through the maxillary sinus leading to 
subsequent periorbital cellulitis, blindness, and 
even life-threatening cavernous sinus thrombo-
sis, exemplifying the serious potential complica-
tions of endo-antral syndrome (EAS) [ 5 ,  24 – 26 ]. 

 The clinical examination of a patient with sus-
pected maxillary sinus disease should include 
extraoral tapping on the anterior and lateral walls 
of the sinus over the prominence of the cheek-
bones and/or palpation intraorally of the lateral 
surface of the maxilla between the canine fossa 
and the zygomatic buttress. If there is dental 
involvement, the teeth will be moderately or 
extremely sensitive to palpation and/or percus-
sion. The pain typically radiates to all posterior 

teeth in the quadrant, so that all these teeth usu-
ally become tender to percussion [ 23 ]. 

 Selden termed endo-antral syndrome (EAS) 
as the spread of pulpal disease beyond the con-
fi nes of the dental supporting tissues into the 
maxillary sinus [ 27 – 29 ] and underlined fi ve 
radiographic features characterizing EAS [ 29 ]:
    1.    Pulpal disease in a tooth whose apex approxi-

mates the fl oor of the maxillary sinus   
   2.    Periapical radiolucencies on pulpally involved 

teeth   
   3.    Radiographic loss of the lamina dura defi ning 

the inferior border of the maxillary sinus over 
the pulpally involved tooth   

   4.    A faintly radiopaque mass bulging into the 
sinus space above the apex of the involved 
tooth, connected neither to the tooth nor to the 
lamina dura of the tooth socket (representing 
localized swelling and thickening of the sinus 
mucosa)   

   5.    Variable degrees of radiopacity of the sur-
rounding sinus space (comparison to the con-
tralateral sinus is often helpful)    
  Clinical cases do not always present with all 

fi ve features; thus, diagnostic and therapeutic 
decisions may be challenging. 

 In cases with maxillary sinus pathologies with 
doubtful differential diagnosis or with severe 
signs and symptoms of sinusitis, consultation 
with an ear, nose, and throat (ENT) specialist is 
strictly recommended. 

   Therapeutic Decision Making 

 In cases of maxillary sinusitis following end-
odontic surgery, a pharmacological approach 
may be considered in the short term, but only in 
cases with clean serum exudate and without pres-
ence or migration of a bone graft in the sinus cav-
ity [ 30 ]. The drug therapy consists of amoxicillin 
and clavulanic acid 1 gr TID and metronidazole 
500 mg TID per os for 7–10 days or levofl oxacin 
400 mg BID per os for 7–10 days in patients 
allergic to penicillin. In cases of a massive sinus 
infection, with or without migration of a bone 
graft, after ENT consultation a surgical approach 
should be considered [ 30 ]. 
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 In the past, several studies suggested that after 
the disease was addressed, the fi rst-choice treat-
ment would be tooth extraction, as the sinus 
infl ammatory reactions had disappeared after 
extraction of the affected teeth [ 21 ,  31 ]. 

 However, scenarios of maintaining the teeth 
and regression of sinus hyperplasia of dental ori-
gin in the mucosa of maxillary sinus have been 
documented by many other clinical studies [ 28 , 
 29 ,  32 ]. These studies should be considered 
before choosing tooth extraction as the treatment 
alternative.   

   Endodontic Surgery and Sinus- 
Related Complications 

 Oberli et al. [ 17 ] evaluated a possible correlation 
between radiographic fi ndings and presence of an 
oroantral communication (OAC). They analyzed 
the correlation between the positions of the root 
tip and the periapical lesion versus the sinus fl oor 
and the presence of an oroantral communication 
(OAC). While the perforation of the maxillary 
sinus during periapical surgery could not be pre-
dicted from the periapical radiographs, the fol-
lowing radiographic classifi cation was proposed: 
(a) class I apices, where there is a distance 
between the root tip and the sinus fl oor; (b) class 
II apices, where the root tip touches the sinus 
fl oor; and (c) class III apices, where the root tip 
overlaps the sinus fl oor. The same classifi cation 
was applied for the periapical lesions: (a) class I 
lesions, where there is a distance between the 
lesion and the sinus fl oor; (b) class II lesions, 
where the lesion touches the sinus fl oor; and (c) 
class III lesions, where the lesion overlaps the 
sinus fl oor. 

 In terms of clinical relevance, class I lesions 
show a high probability of leaving the sinus 
unharmed after periapical surgery, while for class 
III lesions (lesions seen inside the sinus cavity) per-
foration of the membrane may be unavoidable [ 17 ]. 

 The outline of the lesions was described as 
either well defi ned or blurred. A well-defi ned 
outline means a sharp traceable radiopaque line. 
A blurred outline of the lesion means an unclear 
radiographic border of the lesion, which makes it 

impossible to trace the lesion accurately or to 
classify it. 

 The thin layer of bone covering the root is 
seen as a fusion of the lamina dura and the fl oor 
of the sinus [ 33 ]. In some cases with chronic peri-
apical periodontitis, this line can be well defi ned 
and easy to trace, although in others the radi-
opaque line appears less defi ned or blurred. 

 A periapical radiograph may fail to show the 
lamina dura covering the root apex in areas with 
defective bony covering and it is not adequate in 
cases of large lesions. However, panoramic radi-
ography provides an extensive overview of the 
sinus fl oor and its relationship with the teeth 
roots. It allows determination of the size of peri-
apical lesions and cysts as well as radiodense for-
eign bodies [ 23 ]. But, both methods may not 
provide a clear visualization of the real dimen-
sions and position of the lesion, due to intrinsic 
limitations. 

 Eberhardt et al. [ 20 ] stated that “standard 
dental radiographs, including panoramic radio-
graph and pluridirectional tomography, present 
a 2-dimensional image and as such are inade-
quate and/or impractical for precise morpho-
metric assessment of osseous relationships. 
Because of the projection angle between the 
x-ray and the periapical fi lm, it is diffi cult to 
detect whether a root tip overlapping the fl oor 
of the maxillary sinus is anatomically protrud-
ing into the maxillary sinus or is just being pro-
jected into it.” 

 The use of 3D radiographic techniques as 
computerized tomography (CT) and cone-beam 
CT should be considered in order to adequately 
diagnose the anatomical relationships between 
the lesion and the maxillary sinus, to prevent 
invasion into the sinus lumen during surgery, and 
to plan the surgical procedure and timing [ 17 ]. 
The 3D radiographic techniques allow to obtain a 
three-dimensional view of the surgical fi eld. 
Specifi c computer programs enable to achieve 
sound knowledge of dental and skull anatomical 
features, to defi ne the real extent of the periapical 
lesion, and to determine the exact location of for-
eign bodies inside the sinus. 

 High-resolution axial and coronal CT and 
MRI (magnetic resonance imaging) are the most 
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accurate noninvasive imaging techniques for the 
paranasal sinuses and adjacent structures and 
areas [ 33 ,  34 ]. The use of CBCT is considered 
an essential step for adequate planning of end-
odontic surgery when the lesion is near ana-
tomic noble structure as maxillary sinus because 
of its ability to detect anatomical variations [ 35 , 
 36 ]. The accuracy of CBCT in reproducing the 
three- dimensional anatomy allows the evalua-
tion of cortical bone thickness and even of the 
relations between the tooth lesion and other 
structures as the maxillary sinus [ 17 ,  36 – 38 ]. 
Presurgical assessment using CBCT may also 
be useful for evaluating the features of the 
mesiobuccal root of permanent fi rst molars, 
aimed at performing adequate root-end manage-
ment and root-end fi lling of all canal orifi ces 
and detecting isthmi. 

 Furthermore, in the presurgical assessment, 
CBCT is useful to detect the presence of patho-
logical fi ndings in the maxillary sinus cavity, due 
to its relevant specifi city and sensitivity [ 39 – 41 ]. 

 Moreover, some studies reported that CBCT 
may be benefi cial for the diagnosis of the rela-
tions between maxillary sinusitis and dental 
infection in the posterior maxilla, thus allow-
ing pre-assessment of the chances of sinusitis 
resolution after adequate endodontic treatment 
[ 42 ,  43 ]. 

 Radiologic maxillary sinusitis (RMS) is 
defi ned as the presence of unilateral or bilateral 
opacifi cation refl ecting air–fl uid levels within the 
maxillary sinuses in a paranasal computerized 
tomography scan. 

 Another noninvasive imaging technique that 
has been introduced as a diagnostic screening 
tool for sinus pathology is A-mode ultrasound. 
A back wall echo is obtained when fl uid or a 
large polyp carries ultrasound waves to the pos-
terior bony wall that refl ects an echo [ 44 ]. 
Ultrasound has been compared with radiography 
for the detection of secretions in sinuses as con-
fi rmed by trephination or sinus puncture [ 45 ]. In 
adults, ultrasound was found to be 90 % accurate 
and radiography 82 %. If the radiographic scan 
is abnormal, ultrasound is not a replacement for 
radiographic studies, which are necessary to dif-
ferentiate fl uid, polyps, thick mucosa, and 
tumors [ 45 ].  

   Root-End Management 

 The surgical approach may depend on the ENT 
diagnosis; if the sinus physiology is not altered, 
endodontic surgery can be performed as usual. In 
other cases, a treatment plan combining func-
tional endoscopic sinus surgery technique and 
endodontic surgery (FESS) may be considered. 

 The proximity of the maxillary posterior teeth 
apices to the maxillary sinus raises special con-
siderations during endodontic surgery due to a 
possible oroantral communication. 

 The frequency of membrane perforation dur-
ing upper maxillary molar endodontic surgery 
has been reported as varying between 9.6 % (in a 
retrospective investigation by Oberli in 2007 
[ 17 ]) and 50 % [ 46 ]. 

 Hauman et al. reported in their review article 
(2002) [ 23 ] that a small Schneiderian membrane 
perforation during oral surgical procedures 
involving the maxillary sinus is not detrimental to 
the clinical outcome of the treatment. Furthermore, 
Oberli et al. in 2007 [ 17 ] concluded that an intra-
operative OAC (oroantral communication) should 
not be considered a severe surgical accident if cer-
tain precautions had been taken [ 47 ]. 

 However, the impact of a perforation on the 
sinus physiology in terms of alterations in of the 
sinus’ function and the time needed for recovery 
of its functionality has never been assessed [ 38 ]. 

 It has been suggested that trauma to the 
Schneiderian membrane, such as a perforation, 
may transiently and unpredictably inhibit ciliary 
activity [ 48 ] and also predispose the sinus to 
altered mucous composition due to a possible 
bacterial infection. 

 As a general rule the physiological status of 
the sinus should be verifi ed prior to the surgical 
procedure [ 48 ], identifying any previous nasal 
trauma or surgery, nasal respiratory obstruction, 
and recurrent or chronic naso-sinusal diseases.  

   Management of Sinus Injury During 
Root-End Preparation 

 Garcia et al. showed that when sinus membrane 
perforations were smaller than 5–6 mm, no spe-
cifi c treatment was needed, as they did not lead to 
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any particular complications in the postsurgical 
period (Figs.  10.5a – f  and  10.6 ) [ 49 ].

    In the course of surgical management of the 
root apex, cases of maxillary sinus membrane 
perforation may bear the risk of displacement of 
bacteria from either the infected periapical tissue, 
the resected root tips, or the bony drilling debris 
into the sinus [ 23 ]. 

 When the lesion is inside the sinus cavity (class 
III Oberli), perforation of the membrane is 
unavoidable. Thus, in such cases, it is of utmost 
importance that a meticulous technique is used to 
ensure that foreign material (resected tooth apex, 
bony drilling debris, endodontic fi lling material) 
or bacteria from the infected periapical tissue do 
not enter the sinus. In order to avoid sinus mucosal 
thickening and signs of sinusitis [ 50 ], it was 
described as a method in which a hole is drilled in 
the root apex to secure the root tip with a suture 
before apicectomy, thus enabling the removal of 
the infl ammatory lesion with the root tip. They 
recommended the use of a gauze to isolate the area 
and to prevent retro-preparation debris and retro-
fi ll materials from entering the sinus. Garcia et al. 
[ 49 ] used a gauze to block the maxillary sinus and 
avoid the penetration of foreign bodies, but in their 
case, the sinus lining was not perforated. 

 In a recent article [ 38 ], an iatrogenic perfora-
tion of the Schneiderian membrane was isolated 
using an absorbable hemostatic gelatin sponge. 
Spongostan is a gelatin-based sponge that stimu-
lates the intrinsic clotting pathway by promoting 
platelet activation and subsequent release of 
thromboplastin and thrombin. Spongostan is 
indicated for hemostasis in surgical procedures 
(excluding ophthalmic), when control of capil-
lary, venous, and arteriolar bleeding by pressure, 
ligature, and other conventional procedures is 
ineffective or impractical and it shows a high 
capability of arresting bleeding. It may be recom-
mended for the management of perforation of the 
Schneiderian membrane instead of using a gauze. 

 In another study of the same author [ 51 ], the 
sponge was removed after the root-end manage-
ment, and the surgical site was embedded using 
pure platelet-rich plasma (P-PRP) supernatant, a 
P-PRP clot was applied over the perforation, and 
another clot was used to fi ll the bone cavity. 
Finally, P-PRP supernatant was gently injected at 
the suture site, using an atraumatic needle, in 
order to accelerate the wound healing as it was 
done also in other studies [ 52 – 55 ]. In these 
works, P-PRP was able to seal the perforation in 
an effective way. In fact, the conclusion of these 

a

c

b

  Fig. 10.5    ( a – f ) A step-by-step case of endodontic sur-
gery of a fi rst upper maxillary tooth with periapical lesion 
close to the maxillary sinus. Perforation to the sinus. An 

endoscope was used to explore both the root-end bevel 
and the sinus membrane integrity         
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a
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c

  Fig. 10.6      A step by step case of endodontic surgery of a 
fi rst  upper maxillary tooth with close periapical lesion 
proximity to the maxillary sinus. Two apical roots were 
involved. Perforation to the sinus. An endoscope was used 
to explore both the root and the sinus cavity. An absorb-
able hemostatic gelatine sponge was placed into the bone 

access to shield the membrane perforation during root-
end cavity management. The sponge was removed after 
root-end management and a autologus platelets clot was 
used to fi ll the bone cavity, in order to temporary close the 
perforation and enhancing the Sinus membrane repair           
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g

Fig. 10.6 (continued)

studies underlined that, in general, a small sinus 
membrane perforation (less than 6 mm) during 
endodontic surgery did not cause severe compli-
cations. The use of platelet concentrates could be 
effective in reducing the negative impact on 
patients’ quality of life by decreasing pain and 
postsurgical effects as swelling. 

 One of the most favorable aspects of the use of 
P-PRP in endodontic surgery is that some of the 
platelet-derived components have the capability 
to reduce the infl ammatory response after surgery, 
thus positively affecting the postoperative quality 
of life of the patients. The anti- infl ammatory 
properties may be explained by both the suppres-
sion of proinfl ammatory chemokines as IL-1 and 
the observed antimicrobial effect [ 54 ]. 
Considering these aspects, it is reasonable to con-
sider that the properties of PRP had a main role in 
signifi cantly reducing the most common postop-
erative symptoms as pain and swelling as observed 
in the majority of patients treated. 

 In case of postsurgical acute sinusitis, the 
patient should be referred to the ENT specialist. 

   Endoscopy as a Multipurpose 
Magnifi cation Device 

 The use of an endoscope can be helpful in both 
sinus surgery and root-end management [ 56 – 59 ]. 
Transalveolar access via an already existing con-
nection between the oral cavity and the antrum 
(e.g., when the antrum is artifi cially exposed dur-
ing apicectomy) is the least invasive access to the 
sinus in this type of clinical case. 

 This access to the sinus is possible due to the 
fl exibility of the endoscope in the surgical fi eld 
and the ease of changing the magnifi cation 
degree. Thus, the endoscope (30°and 70°angle 
view) is useful during root-end management by 
eliminating the need for a change of magnifi ca-
tion device during surgery, resulting in shorter 
surgical time. Conversely, when using a micro-
scope, any movement of the microscope itself or 
of the patient, while increasing the magnitude, 
will cause the surgical fi eld to become out of 
focus. In the authors’ experience, a microscope is 
useful, but when using an endoscope the depth of 
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fi eld is similar to that of the naked eye. Using an 
endoscope, the surgeon can examine the morpho-
logical aspects of the root from almost any direc-
tion in a short time. This takes longer using a 
microscope and it is sometimes very diffi cult or 
impossible, especially in the posterior region of 
the jaws, unless beveling the root-end more than 
45°, which increases the possibility of root-end 
fi lling bacterial leakage [ 60 ]. 

 Furthermore, by using an endoscope, it is also 
possible to see behind the roots and ascertain the 
presence of a periradicular lesion, and it is espe-
cially useful for exploring the sinus cavity, thus 
obtaining a sound knowledge of the surgical fi eld. 
The rod-lens system of the endoscope allows 
good visualization, even in the presence of irriga-
tion fl uids. The surgeon may use retrotips with 
sterile water irrigation in order to avoid overheat-
ing and at the same time to have the lens cleaned.   

   Conclusion 

 The maxillary sinus is a complex anatomical 
structure with major implications in endodon-
tic surgery of the fi rst and second maxillary 
molars, which are important for both planning 
and execution of the surgical procedure. 

 The infraction of the Schneiderian mem-
brane during endodontic surgery may be 
unavoidable but can be adequately addressed 
by appropriate surgical procedures. 

 Moreover, pathology of the sinus may be 
derived from an odontogenic infection and 
might limit the effects of the endodontic 
surgery. 

 Accurate preoperative planning, including 
the use of modern radiographic techniques, 
allows a safe approach to endodontic lesions 
in case of endodontic lesions invading the 
maxillary sinus, limiting the surgical compli-
cations and the postoperative adverse sequelae.     
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       Introduction 

 Modern endodontic surgery is a highly predict-
able treatment for teeth with apical periodontitis 
[ 1 ,  2 ]. However, an insult to blood vessels during 
the surgical procedure may lead to hemorrhage, a 
relatively common surgical complication [ 3 – 7 ]. 
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  11      Bleeding in Endodontic Surgery 
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    Abstract  

  Modern endodontic surgery is a highly predictable treatment for teeth with 
apical periodontitis. While mild hemorrhage during the surgical proce-
dures is common, severe bleeding during endodontic surgery due to an 
insult to a major blood vessel is relatively rare and may lead to serious 
systemic complications such as airway compromise, cardiovascular 
effects, and worsening of the mental status of the patient, and if not con-
trolled may even lead to death. Elderly patients and patients with systemic 
diseases may be more susceptible to complications following severe blood 
loss. In addition, in patients with systemic bleeding disorders, excessive 
bleeding may occur even if only relatively small blood vessels were dam-
aged during the surgical procedure. 

 Adequate bleeding control is essential for the success of periapical sur-
gery, since it improves visualization of the surgical site, minimizes the 
operating time, and enables the dry fi eld for retrograde fi lling material 
placement. Even mild hemorrhage during endodontic surgery may cause 
complications during the surgical procedure and may even jeopardize the 
prognosis of the treatment. 

 Careful treatment planning and surgical technique, combined with 
knowledge of the surgical anatomy and recognition of possible hemorrhage 
related complications, are essential in order to prevent bleeding during end-
odontic surgery. In addition, a thorough clinical evaluation and anamnesis 
should be preformed prior to the surgical procedure in order to reveal 
patients with potential systemic risks of excessive uncontrolled bleeding.  
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 While severe hemorrhage in the oral cavity is 
not frequent, it may present serious systemic 
complications, resulting in a drop of blood pres-
sure, heart rate increase, and worsening of the 
mental status of the patient, and if not controlled 
even may lead to death [ 5 ,  8 ]. Generally the loss 
of up to 15 % of blood volume does not cause 
serious systemic effects and once the hemorrhage 
is controlled does not require additional medical 
intervention [ 5 ,  8 ]. Elderly patients and patients 
with systemic diseases may be even more suscep-
tible to complications following severe blood 
loss. In addition, in patients with systemic bleed-
ing disorders, excessive bleeding may occur even 
if only relatively small blood vessels were dam-
aged during the surgical procedure [ 5 ,  8 ]. 

 Only few dental procedures have the potential 
to result in life-threatening bleeding [ 5 ,  8 ]. For 
severe hemorrhage to occur, an insult to a major 
blood vessel is usually required and is quite rare to 
happen during minor surgical procedures such as 
endodontic surgery [ 5 ,  8 ]. Blood loss during end-
odontic surgical procedures on average was found 
to range from 10 to 50 ml, and the duration of the 
surgical procedures had an exponential infl uence 
on the total blood loss [ 9 ]. The immediate danger 
for a healthy patient with severe postoperative 
hemorrhage in the oral cavity is airway compro-
mise. Excessive bleeding that is not controlled by 
local measures in the dental offi ce should be 
referred to the nearest hospital emergency depart-
ment so the hemorrhage would be managed appro-
priately, and the airway can be secured [ 8 ]. 

 In some cases when the bleeding is not perfo-
rating the oral mucosa or the skin, the bleeding 
may result in the formation of hematoma. 
 Hematoma  is a localized collection of blood that 
leaked from blood vessels into oral mucosa or 
adjacent facial tissues and may cause its discolor-
ation (Fig.  11.1 ). In rare cases excessive hema-
toma, especially in the fl oor of the mouth, may 
lead to potentially life-threatening scenario, 
requiring close monitoring and continual airway 
assessment [ 10 ].

   Ecchymosis is an extravasation of blood into 
subcutaneous tissue or mucosa (Fig.  11.2 ) [ 11 – 13 ].

    Ecchymosis  or  mucosal petechiae  are quite 
unpredictable. The infl ammatory reaction after 

surgery and subsequent fragility of the capillar-
ies may be a major contributor to  ecchymosis 
and petechiae development [ 11 ]. Although both 
are transient symptoms, skin ecchymosis is 
unaesthetic. Therefore, its prevention is useful 
[ 12 ]. Skin ecchymosis can be induced by a 
problem in the production of coagulation factors 
by the liver, inadequate reticuloendothelial 
clearance of fi brin degradation products, and 
decreased production of platelets, which pro-
mote secondary fi brinolysis [ 13 ]. Ecchymosis 
can last for up to 2 weeks presenting an esthetic 
problem and generally requires no treatment. 

  Fig. 11.1    Facial hematoma following endodontic sur-
gery of the mandibular premolar       

  Fig. 11.2    Ecchymosis of the oral mucosa at the upper lip 
region following endodontic surgery of the maxillary 
incisors       
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 Mild hemorrhage is relatively common during 
endodontic surgery, and although it is usually not 
life threatening, it may cause complications dur-
ing the surgical procedure and may even jeopar-
dize the prognosis of the treatment [ 4 ]. Adequate 
bleeding control is essential for the success of 
periapical surgery, since it improves visualization 
of the surgical site, minimizes the operating time, 
and enables the dry fi eld for retrograde fi lling 
material placement [ 4 ,  7 ]. 

 This chapter will discuss the local and sys-
temic considerations of the prevention, diagno-
sis, and management of bleeding-related 
complications in endodontic surgery.  

   Systemic Considerations 

 Hemostasis may be defi ned as the process whereby 
bleeding is controlled [ 14 ]. Biologically, hemosta-
sis is a tightly regulated process that maintains the 
blood fl ow through the vasculature simultaneously 
as a thrombotic response to tissue damage occurs 
[ 6 ,  7 ]. The hemostatic process is extremely com-
plex and for simplicity may be classifi ed to a pri-
mary phase, initiated at time of injury and ends 
with the formation of an unstable soft plug, and an 
ensuing secondary phase that starts by the initia-
tion of the full-scale coagulation cascade that ends 
in the formation of a stable fi brin clot [ 6 ,  7 ]. 
Impairment in one or more of the hemostasis cas-
cade components may lead to bleeding disorder 
and an increased potential for bleeding-related 
complications during surgery [ 3 – 7 ,  15 ,  16 ]. 

 Bleeding during or following minor surgical 
procedures of the oral cavity is not rare and fortu-
nately, in healthy patients, is usually self-limiting 
and manageable [ 3 ]. However, a small sector of 
the general population has an increased risk of 
bleeding due to inherited bleeding disorders, and 
even more common are patients with hemostatic 
impairments that are secondary to underlying 
disease or medication [ 3 ]. In those population 
groups, even a relatively minor surgical proce-
dure may precipitate an excessive and prolonged 
bleeding incident [ 3 ], impaired wound healing, 
and increase risk of infection [ 3 ]. It has been 
reported that while the incidence of postoperative 

bleeding following minor oral surgical  procedures 
is within the range of 0.2 and 3.3 %, in patients 
under chronic anticoagulation therapy, the occur-
rence of postoperative bleedings is much more 
prevalent and ranges between 8.6 and 32.1 % [ 5 ]. 

 Identifi cation of patients with bleeding disor-
der is a key objective of the preoperative anamne-
sis and evaluation, in order to prevent surgical 
complications. The practitioner needs to be 
familiar with the different categories of bleeding 
disorders, their clinical manifestation, and most 
importantly, their clinical relevance to the 
planned surgical procedure [ 3 ,  5 – 7 ]. In general, 
bleeding disorders may be divided for simplicity 
to platelets disorders, inherited coagulation dis-
orders, and acquired coagulation abnormalities. 

   Platelet Disorders 

 There is a number of platelet-related defects, 
both inherited and acquired, that may be grossly 
divided as defects in the number of platelets (i.e., 
“thrombocytopenia”) or of platelet function, 
though some platelet disorders are characterized 
by both decreased number and impaired platelet 
function [ 3 ,  5 ]. 

 Normal blood platelet levels are usually within 
the range of 150–400 × 10 9 /L, and thrombocyto-
penia leading to increased bleeding is rarely clin-
ically signifi cant unless platelet counts are less 
than 50 × 10 9 /L [ 3 ,  5 ]. On the other hand, platelet 
function disorders, such as adhesion or aggrega-
tion defects, may lead to surgical bleeding and 
may require preparation prior to surgery, such as 
platelet transfusion [ 3 ,  5 ]. 

 Drug-induced platelet defects posses potential 
signifi cant adverse effects on platelet number and 
function. Heparin, aspirin, some nonsteroidal 
anti-infl ammatory drugs (NSAIDs) such as ibu-
profen, and even some over-the-counter medical 
products may attenuate platelet activity [ 3 ,  5 ].  

   Inherited Coagulation Disorders 

  Von Willebrand disease (VWD ) results from 
quantitative or qualitative defects in VW factor, a 
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key protein in hemostasis, and is the most com-
mon inherited bleeding disorder, affecting up to 
1 % of the general population [ 3 ]. The clinical 
manifestations of VWD are easy bruising, epi-
staxis, menorrhagia, and operative bleeding [ 3 ]. 

  Hemophilia  is an inherited bleeding disorder 
caused by defi ciencies of either factor VIII 
(termed: “hemophilia A”) or factor IX (“hemo-
philia B”) [ 3 ,  5 ]; both types are not clinically dis-
tinguishable [ 3 ,  5 ]. The prevalence of hemophilia 
is 1 in 5,000 males [ 3 ,  5 ]. Hemophilia patients are 
characterized by easy bruising, excessive post- 
trauma bleeding, spontaneous muscle and joint 
hemorrhage, and excessive bleeding following 
surgical procedures [ 3 ,  5 ]. 

 Additional congenital coagulation defi cien-
cies are extremely rare [ 3 ,  5 ]. Thus, although fac-
tor XI defi ciency in the Ashkenazi Jewish 
population has a prevalence of 1 in 1,000, the 
prevalence of other factors defi ciencies is in the 
range of 1 in 0.5–1 per million [ 3 ,  5 ]. Usually, 
with possible some exceptions, the bleeding 
manifestations in these disorders are less severe 
than in hemophilia patients [ 3 ,  5 ].  

   Acquired Coagulation Abnormalities 

 Patients on chronic anticoagulation therapy are at 
increased risk of bleeding during surgical proce-
dures [ 3 ,  5 ], and the risk of bleeding is relative to 
the intensity and duration of the anticoagulation 
therapy [ 3 ,  5 ]. 

  Warfarin  is a relatively common anticoagula-
tion agent indicated usually for prevention of 
thromboembolism [ 3 ,  5 ]. Warfarin is a vitamin K 
antagonist, and its effect is monitored by the 
 international normalized ratio  ( INR ; a standard-
ization of the prothrombin time assay). The ther-
apeutic INR may vary depending on the clinical 
indication, but is usually within the range of 2.0–
3.0 for most patients [ 3 ,  5 ]. 

 The management of patients who are receiv-
ing warfarin and require endodontic surgery is a 
relatively common clinical diffi culty, and when 
indicated, warfarin treatment interruption is clin-
ically simple since it requires just waiting until 
the anticoagulant effect wears off and resume it 

when there is adequate hemostasis. However, it 
requires a complex decision because of thrombo-
embolic risks during anticoagulant interruption 
[ 17 ]. Case selection of patients on warfarin is 
therefore very important, and patients with coex-
isting medical problems (such as liver disease, 
renal disease, and thrombocytopenia or who are 
taking antiplatelet drugs) in certain cases should 
NOT have a surgical dental procedure in the pri-
mary care setting [ 18 ]. 

 The risk of signifi cant bleeding in patients on 
oral warfarin with stable INR levels in the thera-
peutic range is low. However, the risk of throm-
bosis if warfarin treatment is discontinued may 
be increased. Thus, oral anticoagulants should 
not be routinely discontinued in patients requir-
ing endodontic surgery, and the matter should be 
discussed with the patient’s hematologist, partic-
ularly when the INR levels are high or when the 
INR levels are unstable [ 18 ]. 

 In patients receiving warfarin, an INR check 
shortly prior to surgery is recommended. Perry et al. 
[ 18 ] recommended that in patients receiving long-
term warfarin and who are stably anticoagulated, an 
INR check 72 h prior to surgery is recommended to 
allow suffi cient time for dose modifi cation if neces-
sary to ensure a safe INR on the day of surgery [ 18 ]. 
Douketis [ 17 ] recommended an INR check 1 day 
prior to an elective surgery. 

 It is important to note that the commonly used 
NSAIDs should be avoided in patients receiving 
warfarin because of their antiplatelet action and the 
risk of over anticoagulation and hemorrhage [ 17 ]. 

 When the risk for bleeding during or following 
the surgery is signifi cant, in certain cases warfarin 
interruption is indicated. In addition, for patients 
with signifi cant risk of thromboembolism follow-
ing warfarin interruption, anticoagulation bridging 
may be required [ 17 ]. Bridging anticoagulation for 
warfarin interruption consists of warfarin stop 
about a week prior to surgery and start of heparin 
bridging [ 17 ]. The decision if and how to interrupt 
an anticoagulation treatment and whether to adopt 
an anticoagulation bridging protocol is a complex 
decision that requires consultation with the 
patient’s primary physician [ 17 ,  18 ]. 

  Heparin  is a cofactor of the naturally occurring 
anticoagulant antithrombin, accelerating inhibition 
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of the serine proteases of the coagulation cascade 
[ 3 ,  5 ], and has a short half-life (about 1 h, for 
“unfractionated” heparin) [ 3 ,  5 ]. Heparin is given 
by intravenous bolus followed by infusion to main-
tain its therapeutic levels. However, low molecular 
weight heparin (LMWH) possesses a longer half-
life than unfractionated heparin and can be deliv-
ered daily subcutaneously [ 3 ,  5 ]. Usually, most 
patients on long-term heparin therapy do not require 
laboratory monitoring. However, when monitoring 
is indicated, an anti- Xa assay is used [ 3 ,  5 ]. 

 It is important to note that sometimes the pre-
operative anamnesis and the routine clinical 
evaluation may not reveal an underlying clini-
cally signifi cant bleeding disorder [ 5 ]. Thus, in 
case of unexplained prolonged and diffi cult-to-
manage intraoperative bleeding or in case of 
recurrent postoperative bleedings, the surgeon 
should always consider the possibility of an 
undetected underlying systemic bleeding disor-
der [ 3 ,  5 ,  17 ,  18 ]. 

 The possibility of intra- or postoperative bleed-
ing always exists when a surgical procedure is 
undertaken, especially in patients receiving anti-
coagulation therapy or with an underlying sys-
temic bleeding disorder [ 3 ,  5 ,  17 ,  18 ]. A thorough 
preoperative evaluation and anamnesis are needed 
in order to screen for potential bleeding disorders. 
Before surgery, and especially in patients with 
systemic bleeding disorders, the practitioner is 
required to ask himself or herself several key 
questions before he or she performs the surgical 
procedure [ 3 ,  5 ,  17 ,  18 ]:
•    What is the exact bleeding disorder, including 

the severity of the disorder, its current and 
updated status, and its clinical relevance to the 
planned surgical procedure?  

•   Do I have all necessary means (including 
knowledge, clinical settings, and equipment) 
to manage any potential bleeding during or 
following the surgical procedure?  

•   Is the potential benefi t to my patient outweighs 
the potential risks associated with bleeding?    
 It is also recommended to communicate with 

the patient’s primary physician in order to obtain 
complete and up-to-date information on the 
patient’s condition and recommendations regard-
ing required special adjustments in the manage-

ment of the patient before and following the 
surgery [ 3 ,  5 ,  17 ,  18 ].   

   Local Considerations 

 Achieving proper hemostasis is an essential prin-
ciple of surgery, and achieving adequate hemo-
stasis in bone is particularly important during 
endodontic surgery [ 19 ]. 

 Prevention and management of bleeding dur-
ing surgery is a complex and multilayered pro-
cess that includes preoperative, intraoperative, 
and postoperative considerations [ 7 ]. 

 The surgeon’s actions play a signifi cant role in 
achieving surgical hemostasis [ 6 ,  7 ,  16 ]. Thus, 
proper preoperative evaluation, integration of rel-
evant anatomical and systemic consideration into 
the treatment planning, and most importantly ade-
quate surgical procedures are the key for achieving 
appropriate bleeding control during surgery [ 7 ]. 

   Anatomical Considerations 

 It is common to speculate that different arteries 
supply certain specifi c regions of the periodon-
tium and of the dentition. However, in fact, there 
are abundant anastomoses present between the 
different arteries. Thus, the entire system of 
blood vessels, rather than a specifi c group of ves-
sels, should be regarded as the supplying source 
of the soft and hard tissue of the jaws [ 20 – 23 ]. 

 The anatomy of the major blood vessels of the 
maxillofacial region is relevant to the risk of 
 severe  hemorrhage and massive hematomas [ 5 ,  7 , 
 8 ,  10 ]. Thus, the treatment planning and all the 
surgical procedures, such as fl ap design and oste-
otomy, should respect the anatomical structure of 
the blood perfusion system of the periodontium, 
in order to minimize potential complications 
such as surgical bleeding.  

   Mandible 

 Anastomoses of the sublingual and submental 
arteries are responsible for the arterial blood 
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 supply of the fl oor of the mouth. The submental 
artery is a branch of the facial artery. The sub-
lingual artery (2 mm in average diameter) arises 
from the lingual artery and is found  coronal to 
the mylohyoid muscle [ 20 ]. A vascular wound 
after surgical procedure is usually attributed to 
perforations of the lingual cortical plate. Pressure 
by the expanding hematomas may displace the 
tongue and fl oor of the mouth both superiorly 
and posteriorly [ 21 ] and may lead to extensive 
bleeding into the submandibular space, result-
ing in a life-threatening acute airway obstruction 
[ 22 ]. Consequently, if the hemorrhage spreads in 
the soft tissues of the fl oor of the mouth, it may 
require emergency treatment to achieve airway by 
intubation or even tracheostomy [ 8 ,  10 ,  21 ,  22 ]. 

 Accordingly, bleeding risks are one of the rea-
sons why lingual approach for surgical endodon-
tic procedures is not recommended and why care 
should be taken not to perforate cortical plate.  

   Maxilla 

 The location of the surgery may potentially affect 
the risk of bleeding and amount of blood loss 
during surgery, both by infl uencing the operating 
time and by virtue of anatomical variations in 
vascularity. Selim et al. [ 9 ] measured the amount 
of blood loss during endodontic surgery in differ-
ent tooth locations and reported that palatal sur-
gery of maxillary molars led to a rate of blood 
loss almost three times the average for all teeth, 
and the maxillary fi rst premolar showed blood 
loss almost double the average for all teeth [ 9 ]. 
These anatomical effects on the risk of bleeding 
should be taken under consideration, and a pala-
tal approach is not recommended for endodontic 
surgery.  

   Local Anesthesia 

 The goals of local anesthesia during surgical end-
odontic treatment is to achieve profound anesthe-
sia and patient comfort, together with proper 
hemostasis by administrating a local anesthesia 
agent with vasoconstrictor [ 3 ,  6 ,  7 ,  15 ,  16 ]. 

 The use of adrenergic vasoconstrictors may 
pose several risks of complications, such as sys-
temic effects (that may be clinically  signifi cant 
especially for certain  medically compromised 
patients), adverse effect on bleeding due to intra-
muscular injection [ 15 ], increased postoperative 
pain and delayed wound healing because of local 
ischemia with subsequent tissue acidosis and 
accumulation of infl ammatory mediators [ 23 ], 
and risk of an ischemic necrosis of surgical fl aps 
infi ltrated with the adrenergic vasoconstrictor 
[ 23 ]. Further aspects are discussed in a separate 
chapter (see Chap.   5    ). 

 Several sympathomimetic-amine vasocon-
strictor hemostatic agents were recommended 
for periradicular surgery, including epineph-
rine, norepinephrine, and phenylephrine [ 4 ,  6 , 
 7 ,  24 ,  25 ]. 

  Epinephrine  is both an α- and a β-adrenergic 
receptor agonist. α receptors are present in the 
oral mucosa, submucosa, bone, and periodon-
tium and when bounded produce vasoconstric-
tion. β receptors are present in skeletal muscles 
and when bounded cause increased heart rate 
and cardiac output, and vasodilation [ 4 ,  6 ,  7 ,  24 , 
 25 ]. 

 Epinephrine is most commonly used in a con-
centration of 1:80,000 (12.5 mg/ml), and it was 
proposed to be used even in higher, 1:50,000 con-
centration in endodontic surgery for improved 
hemostasis [ 15 ]. However, for the majority of 
cases, 1:100,000 epinephrine concentration 
should be suffi cient to achieve hemostasis, and 
the clinical difference between the two concen-
trations is undetectable [ 23 ]. 

 Epinephrine possesses an effective hemostatic 
effect in endodontic surgery; however, when epi-
nephrine is injected intraosseously, it may cause 
transient tachycardia and increased heart rate 
[ 24 ,  25 ]. Thus, it may cause adverse systemic 
effects, determined based on the selected applica-
tion method [ 24 ,  25 ]. 

 Occasionally, a secondary bleeding phase is 
observed after an infi ltration of local anesthetic 
with vasoconstrictor. This phenomenon is 
explained with the  reactive hyperemia  process 
(“ the rebound phenomenon ”) [ 26 ]. Reactive 
hyperemia is the transient increase in organ blood 
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fl ow that occurs following a brief period of isch-
emia. This term is used to describe a delayed 
beta-adrenergic effect that follows the hemostasis 
produced by the injection of vasopressor amines, 
and this “rebound” occurs from a shift from an 
alpha (vasoconstriction) to a beta (vasodilation) 
vascular response [ 27 ]. 

 Following the injection of a vasopressor 
amine, tissue concentration of the vasopressor 
gradually decreases to a level that no longer pro-
duces an alpha-adrenergic vasoconstriction, and 
the restricted blood fl ow slowly returns to nor-
mal, but then rapidly increases to a rate well 
beyond normal fl ow as a beta-adrenergic effect 
occurs [ 28 ]. This effect occurs due to local isch-
emia and tissue hypoxia resulting in a buildup of 
metabolic waste and acidosis caused by sustained 
vasoconstriction [ 27 ,  28 ]. 

 The reactive hyperemia may last for hours and 
it is usually impossible to reestablish hemostasis 
by additional injections. Also, when operating on 
infl amed tissue, the alpha-adrenergic response is 
limited and the rebound phenomenon may occur 
more rapidly [ 28 ]. Thus, during endodontic sur-
gery, especially if a long surgical procedure is 
anticipated, the more complicated or hemostasis- 
dependent procedures (such as root-end manage-
ment) should be done fi rst, and the less 
hemostasis-dependent procedures should be 
accomplished in a descending order of degree of 
diffi culty, reserving the periradicular curettage 
and biopsy for last [ 27 ,  28 ].  

   Flap Design 

 The gingiva receives its blood supply through 
supra-periosteal blood vessels which depending 
on the specifi c region may be branches of the 
sublingual artery, mental artery, buccal artery, 
facial artery, greater palatine artery, infraorbital 
artery, and posterior superior dental artery. The 
supra-periosteal blood vessels anastomose with 
blood vessels from the alveolar bone. The free 
gingiva receives its blood supply from several 
sources: supra-periosteal blood vessels, the blood 
vessels of the periodontal ligament, and the blood 
vessels of the alveolar bone [ 23 ]. 

 The supra-periosteal blood vessels of the 
attached gingival extend from the alveolar 
mucosa, parallel to the long axis of the teeth, 
and superfi cial to the periosteum [ 7 ]. The 
 anatomical structure of the gingival apparatus 
and its blood supply may lead to excessive 
bleeding during surgery and additional surgical 
complications [ 7 ]. Vertical relaxing incision 
together with full thickness mucoperiosteal 
fl ap design maintains the intra-fl ap vasculature 
unharmed, thus, reducing the risk of bleeding 
[ 7 ,  15 ]. 

 Further aspects are discussed in a separate 
chapter (see Chap.   6    ).  

   Osteotomy and Root-End 
Management 

 Bleeding control is essential for the precise and 
delicate micromanagement of the apical root 
part during endodontic surgery and is especially 
crucial during the osteotomy and root-end man-
agement phases of the surgical procedure [ 1 ,  2 , 
 4 ,  7 ,  15 ]. 

 The alveolar bone is prone to diffuse bleeding 
as a result of surgical drilling or curettage, and 
bleeding of cancellous bone is a common con-
cern during the osteotomy phase in endodontic 
surgery [ 7 ,  29 ]. The blood perfusion of the alveo-
lar bone is available by blood vessels in Haversian 
canals (canals containing a blood vessel sur-
rounded by concentric, mineralized lamellae to 
form “osteon”) and connecting vessels in 
Volkmann’s canals (canals through which blood 
vessels, lymphatics, and nerve fi bers pass from 
the alveolar bone to the periodontal ligament). 
The compact bone (alveolar bone proper), which 
lines the tooth socket, is perforated by numerous 
Volkmann’s canals [ 23 ]. 

 Controlling bleeding of bone using the tradi-
tional methods of soft-tissue hemostasis, such 
as manual compression or ligation, is not as 
effective because oozing blood often emanates 
continuously from a wide bone area [ 7 ,  29 ]. In 
endodontic surgery the osteotomy is usually 
performed in a pathological bony site with 
highly vascularized granulation tissue, thus, 
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predisposes to even a greater risk of bleeding [ 1 , 
 2 ,  4 ,  7 ,  15 ]. A controversy exists whether it is 
advisable to completely curate all  granulomatous 
tissue as soon as possible before root-end prepa-
ration or to postpone the curettage to a later 
phase of the surgery, after the root end is prop-
erly managed [ 1 ,  2 ,  4 ,  7 ,  15 ]. These aspects will 
be discussed in a separate chapter. When appro-
priate hemostasis techniques are used, bleeding 
control can be achieved as well with the granu-
lation tissue in situ [ 7 ,  15 ].  

   Technical and Therapeutic Means 
to Control Bleeding During Surgery 

 Adequate case selection, treatment planning, sur-
gical technique, and postoperative management 
should minimize the risk of excessive bleeding 
[ 7 ,  15 ]. However, during surgery minor bleeding 
is still common and should be managed appropri-
ately in order to prevent it from jeopardizing 
achieving the treatment goals and in order to pre-
vent further escalation. Bleeding may be con-
trolled by a variety of technical means such as 
digital compression, gauze tamponade, cauter-
ization, suturing of the bleeding vessel (ligation), 
and adjunct topical hemostatic agents [ 4 ,  6 ,  7 ,  15 , 
 16 ,  19 ,  30 ,  31 ].  

   Electrocauterization 

  Electrocauterization  is the process of obliterate 
tissue using heat conduction from a probe heated 
by electric current, and historically cauterization 
was used to stop heavy bleeding. The procedure 
can be used to stop small vessels bleeding or for 
cutting soft tissue [ 30 ,  31 ]. Electrosurgery has 
been used in dentistry for more than half a cen-
tury and is used both in a cutting mode (as 
replacement for traditional scalpel) and in a 
coagulating mode. The coagulation mode is typi-
cally used on surgically exposed surfaces and 
results in a coagulum that sloughs off within 
hours or days [ 30 ]. However, electric coagula-
tion current should be used only when the other 
methods are ineffective and the need for hemo-
stasis outweighs the considerably increased risk 

of necrosis and infection following electrosur-
gery [ 31 ].  

   Ligation 

 The principle of  ligation , attributed to Hippocrates 
and Galen, found its modern use in the 1970s. 
Ligation of the blood vessel is the treatment of 
choice for excessive acute hemorrhage, while 
sometimes it may be diffi cult due to limited or 
impossible access [ 32 ].  

   Topical Hemostatic Agents 

 The properties of an ideal topical hemostatic 
agent are as follows: rapid and effective effect; 
effective contact with the bleeding surface; 
acceptable adverse-event profi le; reliable; easy to 
handle; simple to prepare; multiple, versatile 
delivery options; active; and compatible with the 
patient’s own physiology [ 3 ,  4 ,  6 ,  7 ,  15 ,  16 ,  19 ]. 

 It should be noted that some hemostatic agents 
should be completely removed from the surgical 
site following their application, and some are 
self-degradable. However, most hemostatic 
agents, if not all of them, posses a dual tissue 
effect, a desired hemostatic effect and tissue reac-
tion adverse effects [ 3 ,  4 ,  6 ,  7 ,  15 ,  16 ,  19 ], with 
potential foreign-body reaction development, 
chronic infl ammation, infection, and granuloma 
formation [ 3 ,  4 ,  6 ,  7 ,  15 ,  16 ,  19 ]. 

  Bone wax  was introduced as a hemostatic agent 
more than a century ago by Sir Victor Horsley in 
1892 [ 19 ]. Since then, bone wax has been used for 
many years and is considered easy to handle, 
though remnants of the material may cause adverse 
tissue reactions [ 4 ]. Bone wax is a nonabsorbable 
hemostatic agent, is composed of 88 % beeswax 
and 12 % isopropyl palmitate, and is known to 
cause retarded bone healing and predisposition to 
infection (chronic infl ammation with foreign-body 
reaction). Thus, it is not recommended for use in 
endodontic surgery [ 4 ,  6 ,  7 ,  19 ]. 

  Ferric sulfate  is a necrotizing agent (pH = 0.8–
1.6), causing protein coagulation, and requires 
complete removal following its use. If not 
removed it may cause impaired healing and acute 
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infl ammation and necrosis of surrounding tissues 
[ 4 ,  6 ,  7 ,  19 ].  

   Cotton Pellets 

 Sympathomimetic-amine vasoconstrictors, such as 
epinephrine, norepinephrine, and phenylephrine, 
have been utilized for hemorrhage control during 
surgery. A concern exists about their systemic 
adverse effects [ 24 ,  25 ]. However, topical applica-

tion (on cotton pellets) produces adequate hemosta-
sis with no evidence of cardiovascular changes. It is 
believed that the topically positioned pellets, satu-
rated with epinephrine, cause an immediate local 
vasoconstriction, thus little absorption of epineph-
rine into the systemic circulation [ 4 ,  6 ,  7 ,  24 ,  25 ]. 

 Cotton pellets containing particles of 
cellulose- containing materials that are left in the 
periapical area following surgery can cause per-
sistent apical periodontitis (“cellulose granu-
loma”) [ 33 ]. Ludlow et al. presented a case of a 

a

c

b

  Fig. 11.3    ( a – c ) Cotton pellets used for hemostasis in endodontic surgery. ( a ) A cotton pellet placed during endodontic 
surgery; The cotton pellet ( b ) was removed ( c ), after hemostasis establishment       
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foreign-body reaction to cotton fi bers left under 
the surgical fl ap following endodontic surgery 
[ 34 ]. Thus, cotton pellets should be removed dur-
ing the surgery and not forgotten (Fig.  11.3a – c ).

   In conclusion, careful and adequate treatment 
planning and surgical technique, combined with 
knowledge of the surgical anatomy and recogni-
tion of possible hemorrhage related complica-
tions, are essential in order to prevent and control 
bleeding during endodontic surgery [ 8 ]. In addi-
tion, a thorough clinical evaluation and anamne-
sis should be preformed prior to the surgical 
procedure in order to reveal patients with poten-
tial systemic risks of excessive uncontrolled 
bleeding [ 5 ,  8 ].      
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       Introduction 

 Surgical procedures commonly produce side 
effects, and the intensity of those side effects 
depends on the degree of tissue damage [ 1 – 5 ]. 
Pain and swelling are common side effects fol-
lowing surgical endodontic treatment [ 6 – 9 ], and 
traditionally, approximately two-thirds of the 
patients require analgesics during the postopera-
tive period [ 6 – 9 ]. 

 Postoperative pain and swelling are related to 
the infl ammatory response to the trauma induced 

during the surgery, and these reactions have 
 several functions: defend the body organ, removal 
of necrotic or dying tissue, and repair and regen-
eration promotion [ 10 ].  Infl ammation  is defi ned 
as “the cellular and vascular response of tissues to 
injury” [ 11 ]. Histologically, following an injury 
damaged cells dispense their contents into extra-
cellular spaces, and chemical mediators that regu-
late the infl ammatory response are released. 
These mediators cause infl ammatory changes 
such as vasodilatation and increased vascular per-
meability, which cause edema. All these infl am-
matory processes can proceed with or without 
concomitant surgical site infection [ 10 ,  12 – 14 ]. 

  Surgical site infection  ( infection ) can be 
defi ned as “invasion and proliferation of patho-
genic microorganisms in body tissues following a 
surgical procedure and the reaction of the tissues 
to their presence.” These tissue reactions include 
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also infl ammatory reactions [ 11 ]. Thus, follow-
ing surgery, infl ammation may occur due to the 
surgical tissue injury alone ( noninfectious post-
surgical infl ammation  ( NIPSI )) or as a result of 
the tissue injury combined with infection ( infec-
tious post-surgical infl ammation  ( IPSI )). 

 The traditional signs of infl ammation are the 
following:  dolor  (pain),  calor  (heat),  rubor  (red-
ness),  tumor  (swelling), and  functio laesa  (loss of 
function) [ 12 ]. Infection also usually includes at 
least one of the following signs and symptoms: 
pain or tenderness, localized swelling, redness, or 
heat [ 13 – 15 ]. In addition,  NIPSI  may cause path-
ological conditions (such as edema development) 
that may provide favorable conditions for an 
ensuing contamination and infection of the surgi-
cal site with subsequent  IPSI . Thus, the clinical 
diagnosis between  NIPSI  and  IPSI  may be diffi -
cult [ 8 ,  12 – 14 ]. 

 The management of  NIPSI  is usually palliative 
(e.g., the use of anti-infl ammatory medication 
protocol) and usually bares no or little long-term 
and systemic risks. On the other hand,  IPSI  may 
bare signifi cant systemic risks and sometimes 
may require more aggressive treatment modalities 
(e.g., antibiotic therapy, with\without surgical 
drainage). Thus, the diffi culty to differentially 
diagnose between  IPSI  and  NIPSI  presents a clini-
cal dilemma to the practitioner [ 8 ,  10 ,  12 – 14 ]. 

 This chapter would review pain swelling and 
infection as possible complications of endodontic 
surgery. 

   Pain and Swelling Defi nitions 
and Sequel 

  Pain  is defi ned as “an unpleasant sensory and 
emotional experience associated with actual or 
potential damage or described in terms of such 
damage” [ 16 ]. Pain perception is a highly sub-
jective experience modulated by multiple physi-
cal and psychological factors [ 17 ,  18 ]. In 
addition, pain measurement is burdened with 
hazards and opportunities for errors [ 18 ,  19 ], and 
different scales and methods have been used to 
assess pain after endodontic therapy [ 18 ,  19 ], 
including visual analog scale (VAS) that is 

 considered a valid and reliable ratio scale to 
measure pain [ 18 ,  19 ]. 

  Swelling  may begin minutes to hours after the 
surgical procedure and is the consequence of two 
processes: hemorrhage and edema. These can 
continue for several days, depending upon the tis-
sue injury severity. The  edema , defi ned as “an 
accumulation of fl uid in a tissue [ 11 ],” does not 
emerge equally in all directions from the site of 
injury [ 10 ]. In addition, after an injury, the bleed-
ing usually stops within several minutes because 
of clotting. Therefore, the swelling is usually 
caused by edema [ 1 ,  3 ,  6 – 10 ]. 

 The maximum severity of pain is usually 
reported during the fi rst 24 postoperative hours, 
similar to results found in studies on the extrac-
tion of impacted third molars, and between 40 
and 76 % of patients present either no or moder-
ate pain [ 1 ]. The maximum swelling is presented 
between the fi rst and second postoperative day, 
and between 45 and 66 % of patients present 
either no or moderate swelling [ 1 ]. 

   Pain and Swelling Risk Factors 
 Several possible factors affecting the risk and\or 
intensity of postsurgical symptoms were reported, 
including the type of surgical technique (tradi-
tional versus modern surgical technique [ 1 ,  6 ,  9 , 
 20 ]), poor oral hygiene [ 21 ], smoking [ 21 ], pre- 
operative medication [ 8 ], local anesthesia type 
[ 22 ], type of root-end fi lling material [ 23 ], and 
the patient’s age or gender [ 21 ]. 

   The Surgical Technique 
 Endodontic surgery is usually performed in teeth 
with persistent periradicular pathosis [ 9 ]. The tra-
ditional technique of endodontic surgery (“tradi-
tional technique”) consisted of root-end resection 
with a lingual to labial bevel for surgical access 
and visibility and root-end preparation using a 
round bur [ 24 ]. In recent years, a technique 
(“modern technique”) that includes the use of 
magnifi cation and illumination devices was intro-
duced. The modern technique raised the success 
rate to above 90 % (compared to about 60 % suc-
cess with the traditional technique) [ 19 ,  20 ,  25 , 
 26 ] while allowing a more conservative and pre-
cise procedure with signifi cantly less tissue 
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 damage [ 19 ,  20 ,  25 ,  26 ]. Since the modern tech-
nique results in less tissue damage during the sur-
gery [ 9 ,  20 ,  26 – 28 ], a lower incidence and milder 
severity of postoperative pain and swelling fol-
lowing modern technique surgery versus the tra-
ditional technique is expected [ 8 ,  9 ,  29 ]. However, 
even with the modern technique, pain and swell-
ing may occur [ 6 – 9 ]. 

 Kvist and Reit [ 6 ] reported that on the evening 
after traditional endodontic surgery, almost all 
patients experienced pain, with 67 % requiring 
analgesics. Swelling was reported in all patients 
and reached the maximum on postoperative day 1 
[ 6 ,  9 ]. Tsesis et al. [ 9 ] compared postoperative 
quality of life of patient receiving modern versus 
traditional surgical endodontic treatment and 
reported a high incidence of symptoms in both 
groups. It was also reported that patients treated 
by the modern technique had signifi cantly less 
postoperative pain but reported more diffi culty in 
mouth opening, mastication, and ability to speak 
during the immediate postoperative period [ 9 ].  

   Personal Habits 
 The patient’s personal habits, such as the level of 
oral hygiene, and smoking habits may affect the 
risk and intensity of postoperative pain. Patients 
with poor oral hygiene may have higher maxi-
mum pain [ 1 ]. The same was reported for surgery 
of impacted third molars [ 1 ], and patients who 
smoke are those who perceived greater pain [ 1 ]. 

 García et al. [ 21 ] reported that modern end-
odontic surgery caused little pain and moderate 
swelling during the fi rst 2 days after the interven-
tion, and these fi ndings were more distinct in 
patients with poor oral hygiene and in smokers 
[ 21 ], and they recommended that by maintaining 
good oral hygiene and by avoiding smoking both 
before and after the surgery, it is possible to mini-
mize the postoperative symptoms [ 21 ].  

   Local Anesthetic, Root-End Filling, 
and Patient’s Age and Gender 
 The effect of the local anesthesia type, the root- 
end fi lling material, and the patients’ age or gen-
der on the risk for postoperative symptoms 
seems to be insignifi cant. Meechan and Blair 
[ 22 ] compared postoperative pain experience 

after endodontic surgery using local anesthesia 
with lignocaine or etidocaine (long-acting local 
anesthetic) and found no differences in pain 
experience between the groups despite the much 
longer anesthesia for long-acting etidocaine 
[ 22 ]. Chong and Pitt Ford [ 23 ] evaluated pain 
experience following root-end resection and fi ll-
ing with MTA or IRM and found that there was 
no signifi cant difference in the pain experienced 
by both treatment groups. The age and gender of 
the patient had no statistically signifi cant effect 
on any of the postoperative symptoms in end-
odontic surgery [ 1 ,  21 ]; however, some studies 
indicate that pain is more acute in females or in 
males  following the extraction of impacted third 
molars [ 1 ]. 

 In conclusion, it seems that the surgical tech-
nique characteristics directly affecting the 
amount of tissue injury during surgery are the 
most signifi cant confounders for the risk of post-
operative symptom development.   

   Prevention of Postoperative Pain 
and Swelling 
 Transmission of pain signals evoked by tissue 
damage leads to sensitization of the peripheral 
and central pain pathways [ 30 ]. Inadequate pain 
control during the early postoperative period may 
contribute to the development of hyperalgesia 
and likelihood of stronger pain levels later. Thus, 
because it is easier to prevent than to eliminate 
pain, the concept of “pre-emptive analgesia” is to 
treat postoperative pain by preventing the estab-
lishment of central sensitization [ 30 ,  31 ]. 

  Pre-emptive analgesia  may be defi ned as “a 
treatment that is initiated before the surgical pro-
cedure in order to reduce central sensitization 
and ensuing excessive pain” [ 30 ]. Thus, due to a 
“defensive” effect on the nociceptive system, 
pre-emptive analgesia has the potential to be 
more effective than a similar analgesic treatment 
initiated after surgery [ 30 ]. 

 Pre-emptive analgesia includes the adminis-
tration of a drug that blocks painful (nociceptive) 
input from entering the central nervous system 
before a surgical procedure in order to attenuate 
the development of changes that manifest as 
increased pain at later time points [ 30 ]. Clinically, 
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this strategy not only forecasts less pain during 
the initial postoperative period but also lowers 
the intensity of pain during the days after the pro-
cedure [ 32 ]. 

 Studies have been published in which cortico-
steroids or “nonsteroidal anti-infl ammatory 
drugs” (NSAIDs) have been used before and 
after surgery to control pain and swelling during 
the postoperative period [ 8 ,  33 ]. Tsesis et al. [ 8 ] 
in a case series of 82 patients treated using a 
modern surgical technique, premedicated all 
patients with a single dose of oral dexamethasone 
(8 mg) preoperatively and two single doses 
(4 mg) 1 and 2 days postoperatively. One day 
postoperatively, 76.4 % of the patients were com-
pletely pain free, less than 4 % had moderate 
pain, and 64.7 % did not report any swelling [ 8 ]. 
In addition, patients with preoperative pain were 
more likely to have postoperative pain [ 8 ]. 

 Lin et al. [ 33 ], in a double-blind study of 90 
modern endodontic surgery patients, that were 
randomly premedicated with placebo or with 
either protocols: a single dose of oral dexametha-
sone, 8 mg, preoperatively and 2 single doses, of 
4 mg, 1 and 2 days postoperatively; or a single 
dose of etodolac, 600 mg, and 2 single doses, of 
600 mg, 1 and 2 days postoperatively. They 
reported that 1 day postoperatively, 41.8 % of the 
patients reported no or very mild pain, whereas 
after 7 days, 87.9 % reported no or very mild pain 
and that both etodolac and dexamethasone had a 
signifi cant effect on reducing postoperative pain 
compared with placebo [ 33 ]. 

 Surgical wounds may heal by primary inten-
tion (when the wound edges are brought together 
and detained in place, with minimal scar forma-
tion) or by secondary intention (in the presence 
of infection, when there is no proper approxima-
tion of the fl ap, and fl ap tension). Thus, the surgi-
cal procedure itself may affect the risk of 
postoperative pain, and a correct surgical tech-
nique may prevent postoperative excessive symp-
toms [ 34 ,  35 ]. It was reported that the type of 
incision for fl ap elevation may infl uence the risk 
for postoperative pain: 40 patients were randomly 
assigned to two groups. In one group a sulcular 
incision (SI) with complete papilla mobilization 

was made, and in the other group a papilla-base 
incision (PBI) was used. The papilla-base inci-
sion technique was better in reduction of pain 
levels [ 34 ]. 

 In order to minimize postoperative pain and 
discomfort, the surgical procedure should be as 
atraumatic as possible [ 35 ], and when perform-
ing fl ap elevation, precautions must be taken to 
avoid perforation or tearing of the fl ap, and a 
tension- free primary fl ap closure is essential; in 
addition, during osteotomy the bone should be 
kept moist [ 35 ].  

   Management of Postoperative Pain 
and Swelling 
 The pain experienced by patients is mostly lim-
ited to the fi rst few days after surgery, and pain 
and swelling are usually the chief postoperative 
sequelae [ 6 ,  8 ,  9 ,  35 ]. The patient’s attitude to 
development of postoperative symptoms is sub-
jective, and patients may be forced to seek treat-
ment only when the actual pain they are 
experiencing is greater than their anxiety about 
the expected pain [ 31 ]. Thus, it is important to 
inform the patients of possible postoperative 
symptoms [ 35 ]. 

 Different therapeutic approaches, both nonin-
vasive and invasive surgical techniques, aimed 
toward reduction of postoperative infl ammatory 
response following oral surgery have been 
reported in the literature, such as the use of drugs, 
cryotherapy (application of ice), low- power laser 
[ 36 ], and incorporation of drains [ 36 ,  37 ]. 

   Analgesics 
 Postoperative dental pain is usually moderate and 
of short duration, and analgesics are often 
required only for the fi rst 1–2 days. The drugs 
commonly used to minimize the postoperative 
pain and swelling are analgesics and corticoste-
roids. The commonly used analgesics following 
oral surgical procedures are the NSAIDs, due to 
their anti-infl ammatory properties and are there-
fore able to reduce the infl ammatory- related pain 
and swelling [ 1 ,  30 – 32 ,  36 ]. 

 Corticosteroids have been reported to control 
pain and swelling following  endodontic surgery, 
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and the two most widely used are dexametha-
sone and methylprednisolone [ 1 ,  30 ,  32 ,  33 ,  36 ]. 
Steroids act on the infl ammatory response by 
inhibiting phospholipase A2 activity. Subse-
quently, the cyclooxygenase pathways are 
inhibited, reducing prostaglandin synthesis. 
This affects the early stages of infl ammation by 
inhibiting vasodilatation, capillary permeability, 
and leukocyte migration [ 8 ]. Therefore, cortico-
steroids should be administered preoperatively, 
to allow absorption and distribution of the medi-
cation before initial tissue trauma and the subse-
quent infl ammatory response [ 8 ,  30 ]. However, 
it should be noted that long- term high-dose 
use of corticosteroids may pose potential side 
effects, such as adrenal suppression, delayed 
wound healing, and risk of postoperative infec-
tions [ 36 ].  

   Cryotherapy 
  Cryotherapy  (“cold therapy”) is the application 
of cold for therapeutic purposes, and local 
application of ice has been reported to control 
postsurgical infl ammation, pain, and swelling 
[ 35 ,  36 ]. Cryotherapy is probably the simplest 
and oldest therapeutic modality in the treatment 
of acute tissue injuries. It is proposed that by 
decreasing tissue temperature, ice can decrease 
infl ammation, inhibit swelling (edema), reduce 
blood supply (vasoconstriction), decrease hem-
orrhage, inhibit temperature elevation, reduce 
metabolic alterations (cold decreases the meta-
bolic rate, thereby lessening secondary injuries 
due to lack of oxygen), and reduce pain, thereby 
aiding recovery after tissue trauma [ 10 ,  38 ]. 
While application of cold can reduce the 
affected tissue temperature, the effect depends 
on the method and duration of application, the 
initial temperature of the ice, and the depth of 
subcutaneous fat [ 39 ]. It was found that after 
ice application to the cheek, the mucosal tem-
perature was related inversely to cheek thick-
ness. In addition, when an ice bag was wrapped 
in a towel and applied to the cheek for 30 min, 
the alveolar mucosa’s temperature only 
decreased an average of 1 °C [ 40 ], and even 
when the ice was directly applied to the cheek, 

it hardly changed the temperature of the intra-
oral alveolar mucosa [ 41 ]. On the other hand, 
the placebo effect provided by cold therapy may 
alter the patient’s pain perception, thus provid-
ing both psychological and physiological 
 benefi ts [ 42 ]. 

 The current recommendations on the clinical 
use of topical ice application are variable and 
range from 10- to 60-min application two to four 
times per day to application every 10 min [ 38 ]. 
In addition, ice is commonly combined with 
physical compression, making it diffi cult to 
determine the value of the cryotherapy alone 
[ 43 ]. Cryotherapy may also cause side effects 
such as skin burns and should be used cautiously 
[ 38 ]. In conclusion, using repeated, rather than 
continuous ice application, ice applications helps 
sustain reduced temperature without compromis-
ing the skin and allows the superfi cial skin tem-
perature to return to normal while deeper 
temperature remains low. The ice should be 
applied in repeated application of 10 min to be 
most effective, to avoid side effects, and to pre-
vent possible further injury [ 39 ].  

   Low-Power Laser 
 The use of laser in oral surgery is a new painless, 
noninvasive technique and was suggested as an 
adjunct to reduce postsurgical discomfort [ 36 ]. It 
is proclaimed that the laser irradiation induces an 
increase in the number and width of lymph ves-
sels, decreases blood vessel permeability, 
increases protein absorption by macrophages, 
modifi es hydrostatic and capillary pressure, and 
induces the absorption of interstitial fl uids [ 36 ].  

   Wound Closure and Drains 
 The closure technique is an operative factor that 
has been linked to the intensity of postoperative 
pain and swelling [ 36 ,  37 ]. Primary closure is the 
full repositioning of the surgical fl ap post surgery 
using sutures such that healing is by primary 
intention, while in secondary closure the bone 
remains in communication with the oral cavity 
and healing is by secondary intention [ 36 ,  37 ]. In 
third molar surgery, some authors favor second-
ary closure technique because it is believed 
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to result in less postoperative pain and swelling 
[ 36 ,  37 ]. In endodontic surgery, the primary goal 
is to achieve primary fl ap closure so that healing 
would be by primary intention. However, in case 
of severe postoperative pain and swelling, achiev-
ing secondary closure may be considered by sev-
eral alternative techniques such as incorporation 
of drains [ 36 ,  37 ].    

   Surgical Site Infection 

 The introduction of infection to the surgical site 
may complicate the postoperative sequel [ 13 – 15 ]. 
Surgical wound classifi cation, introduced by the 
“National Academy of Sciences” in 1964, has 
been the foundation for infection risk assessment, 
operative protocol development, and surgical 
decision-making [ 13 – 15 ]. A new defi nition of 
“surgical site infection” (SSI) was proposed to 
prevent confusion between the infection of a sur-
gical incision and the infection of a traumatic 
wound [ 14 ]. 

  Surgical site infection  was defi ned by the 
“Centers for Disease Control and Prevention 
(CDC)” as:
    1.    Purulent drainage with or without laboratory 

confi rmation, from the superfi cial incision.   
   2.    Organisms isolated from an aseptically 

obtained culture of fl uid or tissue from the 
superfi cial incision.   

   3.    At least one of the following signs or symp-
toms of infection – pain or tenderness, local-
ized swelling, redness, or heat – and a 
superfi cial incision is deliberately opened by a 
surgeon, unless incision is culture negative.   

   4.    Diagnosis of superfi cial incisional SSI made 
by a surgeon or attending physician [ 13 – 15 ].    
  Since the oral mucosa is normally colonized 

by a range of microorganisms that could cause 
infection, defi ning an SSI following endodontic 
surgery requires evidence of clinical signs and 
symptoms of infection rather than microbiologi-
cal evidence alone [ 13 ]. The majority of SSIs 
become apparent most often between the 5th and 
10th postoperative days and usually up to 30 days 
of an operative procedure [ 13 ]. 

   Surgical Site Infection Risk Factors 
 Different surgical sites may contribute to the risk 
of developing infection, and the surgical proce-
dures may be classifi ed into four categories based 
on the initial surgical site bacterial load [ 14 ]: 
 clean  (when the operative procedure does not 
enter into a normally colonized viscus or lumen 
of the body),  clean/contaminated  (when the oper-
ative procedure enters into a colonized viscus or 
cavity of the body, but under elective and con-
trolled circumstances),  contaminated  (when 
gross contamination is present at the surgical site 
in the absence of obvious infection), and  dirty/
infected  (when active infection is already pres-
ent) [ 44 ]. 

 During endodontic surgery, contamination of 
the surgical site may occur by a contact with con-
taminated objects; contact with infected nasal, 
sinus, or oral mucosa; and also through the dis-
semination of the infected root dentin. Thus,  apical 
surgery usually starts with “clean/contaminated” 
status, and when the root apex is reached and sur-
gically manipulated, the bacteria from the infected 
root canal contaminate the surgical site, and the 
wound area becomes “contaminated” [ 14 ,  45 ]. 

 The risk of infection is also infl uenced by vari-
ous factors such as the type, the location, and the 
duration of the surgical procedure; the surgeon’s 
skills; the methods of intraoperative manage-
ment; and by patient-related factors, including 
the general medical status of the patient [ 45 ,  46 ]. 

 It has been reported that a long-duration surgi-
cal procedure may adversely affect the risk for 
infection. Surgical operations lasting less than 
1 h have been shown to be signifi cantly less asso-
ciated with infection than those lasting more than 
3 h with the rate of infection doubling with every 
hour of the procedure [ 47 ]. 

 In any surgical procedure, the skill and expe-
rience of the operator are important. It has been 
demonstrated in implant dentistry to infl uence 
the postoperative infection and implant failures 
[ 46 ]. The experience of the operator has been 
attributed to endodontic surgery and possibly 
plays a major role both in the long-term out-
come and immediate postoperative complica-
tions [ 9 ].  
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   Prevention and Management 
of Surgical Site Infection 
   Prophylactic Antibiotic Use 
 The main goal of prophylactic antibiotic use is to 
prevent infection from the surgical wound site, 
thus decreasing the chance of postoperative com-
plications. The rationale for the use of antibiotics 
is based on the concept that the primary cause of 
the periradicular lesion is bacterial infection and 
that surgical intervention may result in a superim-
posed bacterial infection in the surgical site [ 48 ]. 
On the other hand, the unwarranted use of antibi-
otics may contribute to the development of resis-
tant bacteria, adverse reactions, and allergies [ 48 ]. 

 While there is a well-established protocol for 
SBE antibiotic prophylaxis for immunocompro-
mised patients, no consensus exists regarding the 
use of antibiotics in endodontic surgery, and 
many practitioners prescribe antibiotics routinely 
for endodontic surgeries [ 48 ,  49 ]. 

 In a randomized controlled study, Lindeboom 
et al. found no signifi cant difference between 
clindamycin prophylaxis and placebo with regard 
to the prevention of postoperative infection in 
endodontic surgical procedures [ 48 ]. In that 
study, they found a low infection rate of (2.3 %) 
indicating that antibiotic prophylaxis did not con-
tribute to the prevention of postoperative infec-
tion [ 48 ]. 

 Thus, the use of prophylactic antibiotics is not 
supported by any scientifi c studies [ 48 ], and the pre-
vention of the surgical site infection is best man-
aged by maintenance of good oral hygiene measures 
and the use of chlorhexidine mouthwashes immedi-
ately preoperatively and postoperatively [ 48 ,  49 ].  

   Postoperative Antibiotics Administration 
 Antimicrobials should be prescribed where signs 
of systemic involvement are present such as 
regional lymphadenopathy, and in combination 
with surgical drainage if appropriate. A surgical 
reentry might be indicated to debride the apical 
tissues [ 48 ,  49 ]. 

 The proper dose and duration of an antibiotic 
should allow the patient’s host defenses to gain 
control of the infection, and when the infection is 
resolving, the drug should be terminated [ 49 ].        

   References 

               1.    Garcia B, Larrazabal C, Penarrocha M. Pain and 
swelling in periapical surgery. A literature update. 
Med Oral Patol Oral Cir Bucal. 2008;13(11):E726–9.  

   2.    Garcia Garcia A, Gude Sampedro F, Gallas Torrella 
M, Gandara Vila P, Madrinan-Grana P, Gandara-Rey 
JM. Trismus and pain after removal of a lower third 
molar. Effects of raising a mucoperiosteal fl ap. Med 
Oral. 2001;6(5):391–6.  

    3.    Gonzalez-Santana H, Penarrocha-Diago M, Guarinos- 
Carbo J, Balaguer-Martinez J. Pain and infl ammation 
in 41 patients following the placement of 131 dental 
implants. Med Oral Patol Oral Cir Bucal. 
2005;10(3):258–63.  

   4.    Olmedo-Gaya MV, Vallecillo-Capilla M, Galvez- 
Mateos R. Relation of patient and surgical variables to 
postoperative pain and infl ammation in the extraction 
of third molars. Med Oral. 2002;7(5):360–9.  

    5.    Penarrocha M, Sanchis JM, Saez U, Gay C, Bagan JV. 
Oral hygiene and postoperative pain after mandibular 
third molar surgery. Oral Surg Oral Med Oral Pathol 
Oral Radiol Endod. 2001;92(3):260–4.  

           6.    Kvist T, Reit C. Postoperative discomfort associated 
with surgical and nonsurgical endodontic retreatment. 
Endod Dent Traumatol. 2000;16(2):71–4.  

   7.    Seymour RA, Meechan JG, Blair GS. Postoperative 
pain after apicoectomy. A clinical investigation. Int 
Endod J. 1986;19(5):242–7.  

              8.    Tsesis I, Fuss Z, Lin S, Tilinger G, Peled M. Analysis of 
postoperative symptoms following surgical endodontic 
treatment. Quintessence Int. 2003;34(10):756–60.  

               9.    Tsesis I, Shoshani Y, Givol N, Yahalom R, Fuss Z, 
Taicher S. Comparison of quality of life after surgical 
endodontic treatment using two techniques: a pro-
spective study. Oral Surg Oral Med Oral Pathol Oral 
Radiol Endod. 2005;99(3):367–71.  

         10.    Greenstein G. Therapeutic effi cacy of cold therapy 
after intraoral surgical procedures: a literature review. 
J Periodontol. 2007;78(5):790–800.  

      11.   American Association of Endodontics. Glossary of 
endodontic terms. 8th ed. 2012.  

       12.    Rather LJ. Disturbance of function (functio laesa): the 
legendary fi fth cardinal sign of infl ammation, added 
by Galen to the four cardinal signs of Celsus. Bull N 
Y Acad Med. 1971;47(3):303–22.  

         13.   NICE Clinical Guidelines. Surgical site infection: 
prevention and treatment of surgical site infection. 
National Collaborating Centre for Women’s and 
Children’s Health (UK). London: RCOG Press; 
2008.  

         14.    Horan TC, Gaynes RP, Martone WJ, Jarvis WR, 
Emori TG. CDC defi nitions of nosocomial surgical 
site infections, 1992: a modifi cation of CDC defi ni-
tions of surgical wound infections. Infect Control 
Hosp Epidemiol. 1992;13(10):606–8.  

       15.   Royal Australasian College of Surgeons; Surgical Site 
Infection (CDC Defi nition); ANZ Journal of Surgery. 

12 Pain, Swelling, and Surgical Site Infection



136

Wiley-Blackwell, 2013. Available at   http://www.anzj-
surg.com/view/0/surgicalSiteInfectionCDCDef.html    . 
Accessed in Oct 2013.  

    16.    Merskey H, Bogduk N, International Association for 
the Study of Pain, IASP Task Force on Taxonomy. 
Classifi cation of chronic pain. 2nd ed. Seattle: IASP 
Pres; 1994.  

    17.    Bender IB. Pulpal pain diagnosis–a review. J Endod. 
2000;26(3):175–9.  

       18.    Tsesis I, Faivishevsky V, Fuss Z, Zukerman O. Flare- 
ups after endodontic treatment: a meta-analysis of 
literature. J Endod. 2008;34(10):1177–81.  

        19.    Al-Negrish AR, Habahbeh R. Flare up rate related to 
root canal treatment of asymptomatic pulpally 
necrotic central incisor teeth in patients attending a 
military hospital. J Dent. 2006;34(9):635–40.  

       20.    Tsesis I, Rosen E, Schwartz-Arad D, Fuss Z. 
Retrospective evaluation of surgical endodontic treat-
ment: traditional versus modern technique. J Endod. 
2006;32(5):412–6.  

          21.    Garcia B, Penarrocha M, Marti E, Gay-Escodad C, von 
Arx T. Pain and swelling after periapical surgery related 
to oral hygiene and smoking. Oral Surg Oral Med Oral 
Pathol Oral Radiol Endod. 2007;104(2):271–6.  

      22.    Meechan JG, Blair GS. The effect of two different 
local anaesthetic solutions on pain experience follow-
ing apicectomy. Br Dent J. 1993;175(11–12):410–3.  

     23.    Chong BS, Pitt Ford TR. Postoperative pain after 
root-end resection and fi lling. Oral Surg Oral Med 
Oral Pathol Oral Radiol Endod. 2005;100(6):762–6.  

    24.    Gutmann JL, Harrison JW. Surgical endodontics. 
Boston: Blackwell Scientifi c Publications; 1991.  

     25.    Tsesis I, Faivishevsky V, Kfi r A, Rosen E. Outcome of 
surgical endodontic treatment performed by a modern 
technique: a meta-analysis of literature. J Endod. 
2009;35(11):1505–11.  

      26.    Tsesis I, Rosen E, Taschieri S, Telishevsky Strauss Y, 
Ceresoli V, Del Fabbro M. Outcomes of surgical end-
odontic treatment performed by a modern technique: 
an updated meta-analysis of the literature. J Endod. 
2013;39(3):332–9.  

   27.    Kim S, Kratchman S. Modern endodontic surgery 
concepts and practice: a review. J Endod. 2006;
32(7):601–23.  

    28.    Setzer FC, Shah SB, Kohli MR, Karabucak B, Kim S. 
Outcome of endodontic surgery: a meta-analysis of 
the literature–part 1: comparison of traditional root- 
end surgery and endodontic microsurgery. J Endod. 
2010;36(11):1757–65.  

    29.    Pecora G, Andreana S. Use of dental operating micro-
scope in endodontic surgery. Oral Surg Oral Med Oral 
Pathol. 1993;75(6):751–8.  

           30.    Dahl JB, Moiniche S. Pre-emptive analgesia. Br Med 
Bull. 2004;71:13–27.  

     31.    Khan AA, Dionne RA. COX-2 inhibitors for end-
odontic pain. Endod Top. 2002;3:31–40.  

      32.    Dionne R. Preemptive vs preventive analgesia: which 
approach improves clinical outcomes? Compend 
Contin Educ Dent. 2000;21(1):48, 51–4, 6.  

       33.    Lin S, Levin L, Emodi O, Abu El-Naaj I, Peled M. 
Etodolac versus dexamethasone effect in reduction of 
postoperative symptoms following surgical endodontic 

treatment: a double-blind study. Oral Surg Oral Med 
Oral Pathol Oral Radiol Endod. 2006;101(6):814–7.  

     34.    Del Fabbro M, Taschieri S, Weinstein R. Quality of 
life after microscopic periradicular surgery using two 
different incision techniques: a randomized clinical 
study. Int Endod J. 2009;42(4):360–7.  

         35.    Lindhe J, Lang NP, Karring T. Clinical periodontol-
ogy and implant dentistry. 5th ed. Oxford: Blackwell 
Publishing Ltd; 2008.  

               36.    Osunde OD, Adebola RA, Omeje UK. Management 
of infl ammatory complications in third molar surgery: 
a review of the literature. Afr Health Sci. 2011;11(3): 
530–7.  

        37.    Danda AK, Krishna Tatiparthi M, Narayanan V, 
Siddareddi A. Infl uence of primary and secondary 
closure of surgical wound after impacted mandibular 
third molar removal on postoperative pain and swell-
ing–a comparative and split mouth study. J Oral 
Maxillofac Surg. 2010;68(2):309–12.  

      38.    Bleakley C, McDonough S, MacAuley D. The use of 
ice in the treatment of acute soft-tissue injury: a sys-
tematic review of randomized controlled trials. Am J 
Sports Med. 2004;32(1):251–61.  

     39.    Mac Auley DC. Ice therapy: how good is the evi-
dence? Int J Sports Med. 2001;22(5):379–84.  

    40.    Possoff A. External thermal applications in postextrac-
tion therapy. J Am Dent Assoc. 1955;50(2):147–56.  

    41.    van der Westhuijzen AJ, Becker PJ, Morkel J, Roelse 
JA. A randomized observer blind comparison of bilat-
eral facial ice pack therapy with no ice therapy follow-
ing third molar surgery. Int J Oral Maxillofac Surg. 
2005;34(3):281–6.  

    42.    Staats PS, Staats A, Hekmat H. The additive impact of 
anxiety and a placebo on pain. Pain Med. 2001;2(4): 
267–79.  

    43.    Thorsson O. Cold therapy of athletic injuries. Current 
literature review. Lakartidningen. 2001;98(13):1512–3.  

    44.    Walter CJ, Dumville JC, Sharp CA, Page T. Systematic 
review and meta-analysis of wound dressings in the 
prevention of surgical-site infections in surgical 
wounds healing by primary intention. Br J Surg. 
2012;99(9):1185–94.  

     45.    Haley RW, Culver DH, Morgan WM, White JW, 
Emori TG, Hooton TM. Identifying patients at high 
risk of surgical wound infection. A simple multivari-
ate index of patient susceptibility and wound contami-
nation. Am J Epidemiol. 1985;121(2):206–15.  

     46.    Resnik RR, Misch C. Prophylactic antibiotic regi-
mens in oral implantology: rationale and protocol. 
Implant Dent. 2008;17(2):142–50.  

    47.    Cruse PJ, Foord R. The epidemiology of wound infec-
tion. A 10-year prospective study of 62,939 wounds. 
Surg Clin North Am. 1980;60(1):27–40.  

           48.    Lindeboom JA, Frenken JW, Valkenburg P, van den 
Akker HP. The role of preoperative prophylactic antibi-
otic administration in periapical endodontic surgery: a 
randomized, prospective double-blind placebo-con-
trolled study. Int Endod J. 2005;38(12):877–81.  

       49.    Yingling NM, Byrne BE, Hartwell GR. Antibiotic use 
by members of the American Association of 
Endodontists in the year 2000: report of a national 
survey. J Endod. 2002;28(5):396–404.      

E. Rosen and I. Tsesis

http://www.anzjsurg.com/view/0/surgicalSiteInfectionCDCDef.html
http://www.anzjsurg.com/view/0/surgicalSiteInfectionCDCDef.html


137I. Tsesis (ed.), Complications in Endodontic Surgery, 
DOI 10.1007/978-3-642-54218-3_13, © Springer-Verlag Berlin Heidelberg 2014

       Introduction 

 Altered sensation due to a nerve injury represents 
a rare but serious complication of endodontic 
treatment [ 1 ,  2 ]. Endodontic surgical procedures 
that are performed in the vicinity of major nerves 
may also cause an adverse nerve injury [ 3 ]. 
Trauma, tumors, connective tissue diseases, 

infectious diseases, demineralization, or idio-
pathic diseases have also been reported as possi-
ble causes of altered sensation of maxillofacial 
nerves [ 4 ] and should be considered as a differen-
tial diagnosis for altered sensation during or fol-
lowing endodontic treatments [ 4 – 7 ]. 

 Most cases of inferior alveolar nerve (IAN) 
injuries have been reported in second mandibular 
molars but also in 1st molars and in premolars [ 6 ]. 
Garisto et al. [ 8 ] evaluated the occurrence of 
altered sensation following dental local anesthetic 
administration in the United States. They reported 
248 cases of altered sensation, of which 13 cases 
(5 %) included an endodontic treatment. 
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    Abstract  

  Nerve injuries with altered sensations following endodontic surgical pro-
cedures represent a rare but serious complication, and the classifi cation of 
those injuries is based on their time course and on the potential sensory 
recovery following the injury. 

 Direct trauma to the nerve bundle during surgery is the most frequent 
cause of nerve injury and may lead to long-term disability and to signifi -
cant negative effects on the patient’s quality of life. 

 Active preventive measures and a timely mannered clinical approach 
when a nerve injury is suspected are the most effi cient measures to mini-
mize the risk for nerve injuries during surgical procedures as well as to 
prevent permanent damage and enable better clinical and medicolegal out-
comes when such injuries do occur. 

 This chapter is aimed to provide the practitioner with both knowledge 
and practical tools to prevent and to manage a nerve injury when perform-
ing endodontic surgical procedures, thus to enable a safer procedure and a 
more predictable clinical outcome.  
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 The risk of nerve injury during surgical end-
odontic procedures is a matter of great concern, 
and several diagnostic [ 9 – 13 ] and surgical [ 14 , 
 15 ] methods have been developed in order to pre-
vent nerve injury during endodontic surgical pro-
cedures [ 14 ]. However, the available literature 
assessing the prevalence and the clinical manifes-
tation of endodontic surgery-related nerve inju-
ries is scarce; thus, our understanding of its 
clinical and medicolegal aspects is insuffi cient 
[ 5 ,  6 ,  14 ]. 

 This chapter will review the classifi cation, eti-
ology, preventive measures, diagnosis, and man-
agement of endodontic surgery-related nerve 
injuries and is aimed to provide the practitioner 
with both knowledge and practical tools to pre-
vent and to manage a nerve injury when perform-
ing endodontic surgical procedures, thus to 
enable a safer procedure and a more predictable 
clinical outcome.  

   Classifi cation 

 Back in 1942, Seddon [ 16 ,  17 ] presented a clas-
sifi cation of mechanical nerve injuries (“Seddon’s 
classifi cation”: neuropraxia, axonotmesis, and 
neurotmesis) [ 16 ,  17 ] that remained relevant till 
today and may also be used to describe trigemi-
nal nerve injuries during endodontic surgery 
based on the time course and the potential sen-
sory recovery [ 16 ,  17 ]:
    Neuropraxia  (meaning “nonaction”) is used to 

describe cases in which there is a short-lived 
altered sensation, so short that recovery could 
not possibly be explained in terms of true 
regeneration. Neuropraxia may result from 
nerve trunk traction, manipulation, or compres-
sion, without degeneration of the axon, and is 
characterized by a conduction block, followed 
by a complete and fast return of sensation or 
function. The trauma may injure the endoneu-
rial capillaries, resulting in intrafascicular 
edema and ensuing a conduction block. Normal 
sensation or function usually returns following 
the resolution of the intrafascicular edema, gen-
erally within a few days following the nerve 
injury. If the pressure resulted in segmental 

demyelination or mechanical disruption of the 
myelin sheaths, sensory and functional recov-
eries are complete within 1–2 months. The 
common clinical manifestation of this type of 
injury is paresthesia [ 16 ,  17 ].  

   Axonotmesis  is described as a damage to the 
nerve fi bers which is severe enough to cause 
complete peripheral degeneration; however, 
the sheath and the more intimate supporting 
structures of the nerve have not been com-
pletely divided, which means that the nerve 
tissues are still in continuity. Axonotmesis 
may be followed by subsequent regeneration 
or degeneration of the nerve. Nerve compres-
sion and traction may cause intrafascicular 
edema, severe ischemia, or demyelination. 
Although there is damage to the axons, there 
is no disruption of the endoneurial sheath, 
perineurium, or epineurium. Complete recov-
ery may occur in 2–4 months, but sometimes 
the improvement process leading to complete 
recovery may last up to 12 months. The clini-
cal manifestation of axonotmesis is an initial 
anesthesia followed by paresthesia as recov-
ery begins [ 16 ,  17 ].  

   Neurotmesis  (meaning “cutting”) is described as 
a nerve that has been completely cut. 
Neurotmesis may result from severe trauma, 
such as nerve traction, compression, injection 
injury, or chemical injury, and is characterized 
by severe disruption of all components of the 
nerve trunk. The clinical manifestation of 
these injuries is an immediate anesthesia. It 
will then be followed by paresthesia or possi-
bly other neurosensory responses such as allo-
dynia, hyperalgesia, or chronic pain. This type 
of nerve injury has a poor prognosis for recov-
ery – sensory and functional recovery is never 
complete and there is a high probability of 
developing a central neuroma [ 16 ,  17 ].    
 The clinical manifestations of endodontic 

surgery- related nerve injuries are complex and 
include a combination of both objective neurologi-
cal signs and subjective complaints of the patients. 
However, for simplicity, most cases of altered sen-
sation following endodontic surgery may be clas-
sifi ed as follows:  anesthesia , insensitivity to all 
forms of stimulation;  paresthesia , a sensation, 
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such as burning, prickling, or partial numbness; or 
 hyperesthesia , increased sensitivity to all forms of 
stimulation, all affecting the teeth, lips, tongue, or 
the surrounding skin and mucosa [ 18 ]. Additional 
possible neurosensory impairment defi cits may be 
classifi ed by the response to stimuli as follows: 
 allodynia , pain due to a stimulus that does not nor-
mally provoke pain;  hypoalgesia , decreased 
response to a stimulus that is normally painful; and 
 hyperalgesia , increased response to a stimulus that 
is normally painful [ 16 ]. 

 It is important to recognize that the pathologi-
cal process following the initial nerve injury is a 
dynamic process. Consequently, the altered sen-
sation clinical presentation may often change a 
long time after the initial injury [ 1 ,  4 – 6 ,  8 ,  17 ]. 

 Table  13.1  presents a classifi cation of nerve 
injuries following endodontic surgery.

      Etiology 

 The most routine surgical endodontic procedures, 
such as anesthetic procedures [ 8 ], fl ap proce-
dures, osteotomy, and apicectomy, may lead to 
nerve injury during surgical endodontic treat-
ments [ 14 ,  15 ]. 

 The possible causes of nerve injury include 
both preoperative factors, such as poor fl ap design, 
and intraoperative factors, such as traumatic fl ap 

refl ection, accidental intraneural injection, trac-
tion of the mental nerve during fl ap elevation, 
penetration of the osteotomy preparation into the 
nerve canal, and more [ 19 ]. In addition, nerve 
injuries may be caused indirectly by postsurgical 
complications such as the development of intra-
alveolar hematoma or edema inside the mandibu-
lar canal applying temporary pressure increase 
on the nerve bundle or neuritis with prolonged 
pressure increase that may lead to permanent 
degeneration of the affected nerve [ 20 ]. 

 Nevertheless, direct trauma to the nerve bun-
dle during surgery is the most frequent cause of 
nerve injury and may occur through several 
mechanisms such as nerve compression, stretch-
ing, cutting, overheating, and accidental puncture 
[ 2 ,  4 ,  5 ,  16 ,  21 ].  

   Prevention 

 Prevention is the most effi cient clinical approach 
to minimize the risk of nerve injuries during end-
odontic surgical procedures and ensuing medical 
and medicolegal consequences. For medicolegal 
reasons, it is important to include nerve injury as 
an item in the informed consent document [ 5 , 
 22 – 25 ]. The medicolegal aspects of altered sen-
sation following endodontic surgical procedures 
are presented in a separate chapter of this book. 

    Table 13.1    Nerve injury classifi cation   

 Classifi cation  Mechanism of injury  Clinical manifestation  Prognosis 

  Neurapraxia  
(Transient block) 

 Mild injury to the 
nerve; no loss of 
continuity of the nerve 

 Paresthesia a   Good prognosis; recovery usually 
within days or up to 1–2 months 

  Axonotmesis  
(Lesion in 
continuity) 

 Moderate injury to the 
nerve; nerve is damaged 
but not completely 
severed 

 Initial anesthesia b  followed by 
paresthesia a  as recovery begins 

 Moderate prognosis; recovery may 
occur in 2–4 months, but 
improvement leading to recovery may 
last up as 12 months 

  Neurotmesis  
(Nerve cut) 

 Severe injury to the 
nerve; severed nerve 

 Initial anesthesia b , which may 
be followed by paresthesia a , or 
other neurosensory responses 
such as allodynia c , 
hyperalgesia d , or chronic pain 

 Poor prognosis; sensory recovery is 
never complete 

  Classifi cation of nerve injuries based on Seddon [ 17 ] and Juodzbalys et al. [ 16 ] 
  a Paresthesia: a sensation, such as burning, prickling, or partial numbness 
  b Anesthesia: insensitivity to all forms of stimulation 
  c Allodynia: pain due to a stimulus that does not normally provoke pain 
  d Hyperalgesia: increased response to a stimulus that is normally painful  
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 Nerve injury preventive measures should be 
implemented preoperatively, intraoperatively, 
and postoperatively, as described below. 

   Preoperative Preventive Measures 

 “Primum non nocere” (a Latin phrase that means 
“fi rst, do no harm”) is a fundamental principle 
that should be implemented in the planning of 
any treatment procedure. Thus, the practitioner 
should take into account all possible complica-
tions and preventive measures prior to treatment, 
i.e., during the evaluation and treatment planning 
phase. In order to apply this principle in end-
odontic surgery, the practitioner is obligated to 
perform a thorough clinical and radiographic 
evaluation, to be aware of possible risk factors, to 
recognize all necessary anatomical consider-
ations in advance, to plan the treatment ade-
quately, and to verify that the procedure is within 
his/her skills [ 5 – 7 ,  9 ,  11 ,  12 ,  14 ,  15 ]. 

 Table  13.2  presents preventive measures for 
altered sensation in endodontic surgery.

   Thorough medical history and clinical exami-
nation and good-quality radiographs are essential 
for preoperative diagnosis of teeth scheduled to 
undergo apical surgery [ 9 ,  11 ,  12 ,  14 ,  15 ]. 
Periapical (PA) radiography is the principal radio-
graphic modality used for diagnosis and treatment 
planning prior to endodontic surgery. However, 
in certain cases, PA radiography alone may be 

clinically limited by the fact that the information 
is rendered in only two dimensions [ 9 ,  11 ,  12 ,  14 , 
 15 ]. The use of computed tomography (CT) scans 
and more recently cone-beam CT (CBCT) enables 
the visualization of the dentition, the maxillofa-
cial skeleton, and the surrounding anatomical 
structures in three dimensions [ 26 ]. In endodontic 
surgery, CBCT facilitates the evaluation of the 
true extent of PA lesions and of the relationships 
between the PA lesions/root apices and anatomi-
cal landmarks such as neurosensory structures. 
Thus, the CBCT enables the planning of a more 
predictable surgical approach [ 9 ,  10 ,  13 ,  26 – 29 ]. 
However, the decision whether to use CBCT scan 
or not must be based on the patient’s history, clini-
cal examination, and an initial PA radiographic 
evaluation and should be justifi ed on an individual 
basis [ 9 ,  27 ]. Figure  13.1  presents a case selection 
algorithm for performing a CBCT scan, aimed at 
either prevention or management of nerve injuries 
related to endodontic surgical treatments [ 27 ].

   Several possible risk factors for nerve injury 
related to endodontic treatments have been 
reported, including the patient’s gender [ 22 ,  24 , 
 25 ] and the tooth location [ 7 ]; some may be rele-
vant specifi cally to endodontic surgical proce-
dures. Knowing the possible risk factors for nerve 
injury may be useful for prevention, screening, 
and diagnosis of such injuries. 

 A female predominance was described in sev-
eral nerve injury studies, such as nerve injury 
related to local anesthesia injection, third molar 

    Table 13.2    Preventive measures for altered sensation during and following endodontic surgery   

 Preoperative 
measures 

 Thorough clinical and radiographic evaluation (computed tomography when indicated) 
 Risk factors evaluation 
 Anatomical considerations 
 Adequate treatment planning 
 The procedure is within the practitioners skills 
 Medicolegal precautions (informed consent) 

 Intraoperative 
measures 

 Anatomical considerations 
 Magnifi cation and conservative microsurgical techniques 
 Adequate surgical procedures (injection, fl ap design and management, osteotomy, suturing) 
 Case-specifi c surgical adjustments 
 Consideration of early intervention in case a possible nerve injury is suspected 

 Postoperative 
measures 

 Postoperative anti-infl ammatory adjuncts consideration 
 Follow-up 
 Timely mannered and adequate clinical and medicolegal response in case a nerve injury is suspected 
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surgery, lingual nerve repair, and nerve injury 
caused by dental treatment and traumatic injuries 
[ 18 ,  22 ,  24 ,  25 ]. The reason for this gender dis-
crepancy may be explained by the fact that rela-
tively more female patients are seeking dental 
treatment [ 24 ,  30 ]. Gender anatomical variation 
may be another possible explanation – females 
have signifi cantly shorter vertical distances from 
the IAN to the root apices of mandibular molar 
teeth, which may potentially pose an increased 
risk of nerve injury during mandibular molar 
endodontic surgery in female patients compared 
to male patients [ 13 ]. 

 A relative predominance of nerve injuries 
related to endodontic treatments of the second 
mandibular molars has been reported (example in 
Fig.  13.2 ) [ 5 ]. The anatomical structure of the 
IAN and its relations to the surrounding anatomi-
cal structures may have a signifi cant role in this 
fi nding: The trabecular pattern of the cancellous 
bone in the mandibular molar region is character-

ized by a consistently loose appearance, numer-
ous vacuoles and often without any cortical bone 
protecting the pedicle [ 5 – 7 ]. In the second man-
dibular molar, the distance between the apices 
and the pedicle of the IAN is often less than 
1 mm, compared to a more variable distance 
observed in the fi rst molar teeth (1–4 mm) [ 7 ]. 
The artery usually follows the IAN, running 
along the superomedial side from the mandibular 
foramen to the 1st molar and then becoming lat-
eral, up to the mental foramen (Fig.  13.3 ) [ 7 ].

    The nerve supply of the maxillary sinus mem-
brane is provided by the three superior alveolar 
nerves, the anterior palatine nerve, and the infra-
orbital nerve [ 31 ]. These nerves pass enclosed 
within the wall of the sinus and innervate also the 
related maxillary teeth. Thus, endodontic surgery 
of maxillary teeth may involve these nerves and 
induce nerve injuries [ 31 ]. 

 Damage to the mental nerve is also a major 
concern during endodontic surgical procedures 

Endodontic surgery is planned
or was performed

The potential benefits by using CBCT to the patient
outweigh the potential radiation risks

The potential risks outweigh the
 potential benefits

The CBCT modality was proven effective for the specific
clinical evauation demands

CBCT was not proven clinically
effective

CBCT evaluation is
not indicated1

Pre-surgical case planning based on CBCT scan may be
considered2 / CBCT may be considered for establishing

a management plan for nerve injury2

The need for imageing can’t be answered adequately by
alternative lower dose conventional dental radiography

Yes

Yes

Yes

No

No

No

The need for imageing was
already answered adequately

  Fig. 13.1    Case selection algorithm for CBCT scan aimed 
for the prevention or management of nerve injuries related 
to endodontic surgical treatments. ( 1 ) Unless, CBCT eval-
uation may be indicated for clinical demands other than 
the prevention or management of nerve injuries. ( 2 ) 
Specifi c indications for CBCT evaluation in order to pre-
vent or manage nerve injuries related to endodontic sur-
gery: determine the exact location of root apex/apices and/
or periapical lesion and their anatomical relation to adja-

cent neurosensory structures; suspected complex tooth 
morphology or surrounding anatomical structures or ana-
tomical superimposition of roots or areas of the maxillofa-
cial skeleton that might contribute to an increased risk of 
nerve injury during surgery; patients with nonspecifi c 
clinical signs and symptoms that may be related to a nerve 
injury; and assessment of endodontic treatment complica-
tions related to potential nerve injury [ 27 ]       
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of mandibular posterior teeth [ 5 ,  7 ,  14 ,  15 ,  32 , 
 33 ]. The mental nerve exits the body of the man-
dible through the mental foramen (MF, Fig.  13.3 ) 
and innervates the skin of the chin and the skin 
and mucous membrane of the lower lip [ 32 ,  33 ]. 
The common location of the MF is inferior to the 
second premolar, but the MF location may be 
variable [ 32 ,  33 ]. In addition, small accessory 
foramina (accessory mental foramina (AMF)) 
may also exist in the surrounding area of the MF, 

usually located in the apical area of the fi rst molar 
and in the posterior or inferior areas of the mental 
foramen [ 32 ,  33 ]. It is important to know in 
advance the location of the MF and the innerva-
tion map of the mental nerve, in order to avoid 
damage to the neurovascular bundle during end-
odontic surgical procedures in this region [ 14 , 
 15 ] as well as for an accurate and specifi c diagno-
sis of such damage in case it occurs following the 
procedure. 

 The clinical and surgical competence of the 
practitioner to perform the surgical procedure is 
an important prerequisite to performing surgical 
procedures. This competence exists when the 
practitioner has suffi cient knowledge and skills 
such that the procedure can be performed to 
obtain the intended outcomes with minimal risks 
of harm to the patient [ 34 ,  35 ]. A practitioner’s 
clinical competence is a combination of several 
components, including the following: knowledge, 
clinical decision-making capability, good judg-
ment, technical skills, clinical attitudes, profes-
sional habits, and interpersonal skills. Each of 
these must be mastered by the practitioner, using 
a variety of sources of information and skill acqui-
sition prior to performing any surgical procedure, 
in order to achieve predictable clinical results 
while minimizing the risk for potential complica-
tions, including nerve injuries [ 5 ,  24 ,  34 ,  35 ]. 

a b

  Fig. 13.2    Nerve injury following an endodontic treat-
ment of mandibular second molar. ( a ) Nonsurgical end-
odontic treatment in the mandibular second molar. 
Radiographic evidence of overfi lling of the endodontic 
fi lling material in the vicinity of the IAN. The patient pre-
sented with IAN paresthesia following the treatment, and 
was treated by corticosteroids for 1 week and then was 

followed up for several months. ( b ) At 6 months follow-
up, healing process of the periapical lesion was demon-
strated. A gradual resolution of the paresthesia symptoms 
was demonstrated in the months following the endodontic 
treatment, with return to normal neural function 3 months 
following the treatment       

  Fig. 13.3    The inferior alveolar nerve (IAN) anatomy. 
The artery (in  red ) usually follows the IAN (in  yellow )       
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Therefore, practitioners should consider whether 
the procedure is relevant to their practice, recog-
nize the expected outcomes, be familiar with 
potential risks and complications, and practice 
self-evaluation [ 34 ,  35 ]. It is prudent to verify 
that the procedure is within the practitioner’s 
clinical skills and also that the practitioner is 
capable to prevent, diagnose, and manage possi-
ble complications such as nerve injuries.  

   Intraoperative Preventive Measures 

 All surgical procedures should be performed 
while balancing between two parallel aims: to 
provide the most favorable conditions for success 
and to take all measures to prevent potential com-
plications. The preventive measures include the 
following: implementation of relevant anatomi-
cal considerations, the use of magnifi cation and 
conservative microsurgical techniques, practic-
ing adequate surgical procedures (such as proper 
and careful injection techniques, adequate fl ap 
design and management, cautious osteotomy, and 
careful suturing), implementation of case- specifi c 
surgical adjustments, and considering early inter-
vention in case a possible nerve injury is sus-
pected (Table  13.2 ) [ 5 – 7 ,  9 ,  11 ,  12 ,  14 ,  15 ]. 

 It is prudent to balance between the two afore-
mentioned aims of providing the most favorable 
conditions for success while preventing possible 
nerve injury, and it requires knowledge, experi-
ence, and awareness from the practitioner. For 
example, the osteotomy is aimed to provide an 
adequate surgical approach for proper manage-
ment of the apical part of the root, thus providing 
the optimal conditions for success [ 14 ], but on 
the other hand, an excessive osteotomy may 
cause damage to adjacent anatomical structures 
such as nerve bundles [ 7 ,  14 – 16 ,  36 ]. Thus, the 
practitioner is required to achieve a complex 
equilibrium between the clinical demands 
required for a successful procedure and measures 
required for preventing damage. 

 During surgery of mandibular posterior teeth, 
damage to the mental nerve may occur by direct 
cutting of the nerve bundle or by stretching or 
crushing the neurovascular bundle with the 

retractor [ 14 ,  15 ]. Cutting and stretching may be 
avoided by an adequate fl ap design; crush inju-
ries are often caused by impinging the retractor 
against the base of the fl ap in which the mental 
nerve is contained [ 14 ,  15 ]. Kim and Kratchman 
[ 14 ] suggested to fi rst identify the mental fora-
men, then to carefully cover it with the retractor, 
and then to make a 15-mm long horizontal groove 
in the bone just above it and beyond the apex, to 
allow space for the osteotomy and subsequent 
apicoectomy. Once the retractor is in position 
within the groove, there should be no movement 
or slippage [ 14 ]. While it sometimes may be nec-
essary to make such a groove, generally it is 
desirable to avoid unnecessary manipulations in 
the vicinity of nerve bundles. It is also advised to 
be aware of the risk of injury to the nerve when 
performing surgery of mandibular posterior teeth. 

 Endodontic surgery of mandibular molars 
poses even greater technical challenges, attrib-
uted to factors as the close proximity of the api-
ces to the mandibular canal [ 12 ], the diffi cult 
access to the roots as a result of the posterior 
location [ 11 ,  14 ], and the thickness of the buccal 
cortical bone plate [ 9 ,  14 ]. This challenging ana-
tomical situation may increase the risk of nerve 
injury during the endodontic surgical procedure 
[ 9 ,  36 ]. 

 Therefore, case-specifi c anatomical chal-
lenges may require specifi c treatment planning 
and specifi c surgical adjustments, in order to 
achieve predictable clinical results safely. 

 In modern endodontics, the use of magnifi ca-
tion and illumination devices has been imple-
mented, enabling the practitioners to magnify the 
treatment fi eld [ 37 ], with the aim of improving 
the accuracy and quality of treatment [ 38 ,  39 ]. 
The basic principle of microsurgery is that the 
surgeon’s hands can execute remarkable micro-
manipulations as long as the surgeon’s eyes can 
see a magnifi ed operation fi eld [ 37 ,  40 ]. Therefore, 
the application of magnifi cation and illumination 
in surgical endodontic treatments, which allows 
easier and more precise identifi cation of anatomi-
cal and pathological structures [ 41 – 45 ], may 
facilitate all phases of the surgical treatment to be 
done with greater accuracy and safety [ 38 ]. In this 
sense, it may allow a more conservative surgical 
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treatment, especially when it is performed in the 
vicinity of neurovascular bundles, and therefore 
may reduce nerve injury risks. 

 Additional intraoperative surgical procedures 
that may be related to potential nerve injury, such 
as anesthetic injections, are discussed in other 
chapters of this book.  

   Postoperative Preventive Measures 

 Endodontic surgical procedures are usually per-
formed under local anesthesia. Thus, the clinical 
symptoms of surgery-related nerve injuries will 
usually be evident only after the surgical proce-
dure, when the local anesthesia wears out. On the 
other hand, in many cases, when a nerve injury 
did occur during the procedure, early intervention 
is of utmost importance. Thus, following the sur-
gical procedure the practitioner, with the coopera-
tion of the patient, needs to be alert to detect any 
possible sign of altered sensation [ 5 ,  6 ,  16 ,  24 ]. 

 Early symptoms that may suggest a possible 
nerve injury include acute pain during or after the 
surgical procedure or neurosensory alterations, such 
as paresthesia, anesthesia, or hyperesthesia [ 46 ]. 

 If a nerve injury is suspected, the clinician 
should perform a basic neurosensory evaluation, 
to ascertain whether the patient indeed experi-
ences altered sensation signs, and document the 
fi ndings [ 5 ,  6 ,  16 ,  24 ]. Then, a rigorous follow-up 
protocol should be followed. 

 In the absence of a defi nitive nerve injury 
diagnosis, a preventive approach of early inter-
vention may be considered [ 5 ,  6 ,  16 ,  24 ], consist-
ing the use of corticosteroids and nonsteroidal 
anti-infl ammatory drugs (NSAIDs). The use of 
corticosteroids, if administered within a few days 
of the nerve injury, may minimize neuropathy, 
inhibit axon sprouting, and prevent neuroma for-
mation [ 5 ,  6 ,  16 ,  24 ,  47 ,  48 ].   

   Diagnosis 

 Prevention is the most effi cient way to address a 
nerve injury. However, when this serious compli-
cation occurs, a correct and timely mannered 

diagnosis is of outmost importance for prevent-
ing further damage, enabling appropriate man-
agement, and improving the healing prospect 
[ 2 – 4 ,  6 ,  8 ,  23 – 25 ,  49 ,  50 ]. 

 Neurosensory impairment represents a com-
plex clinical scenario with various clinical and 
psychological manifestations. Thus, sometimes 
the clinical manifestation of the nerve injury, 
such as persistent pain, may be confused with 
other postoperative symptoms [ 4 ,  16 ,  51 – 56 ]. 
Polycarpou et al. [ 55 ] evaluated cases of persis-
tent pain after apparently successful nonsurgical 
and surgical endodontic treatments and reported 
the following risk factors: presence of preopera-
tive pain from the tooth site lasting at least 
3 months, history of previous chronic pain expe-
rience or painful treatment in the orofacial region, 
and female gender [ 55 ]. Nevertheless, it is con-
ceivable to assume that at least in some of the 
cases, the persistent pain reported by the patients 
after the procedure was related to altered 
sensation. 

 Campbell et al. [ 51 ] evaluated 118 patients 
who underwent a nonsurgical endodontic treat-
ment followed by a surgical endodontic treatment 
and found that 6 of the patients had continuous 
pain after the surgery for an average of 21 months 
[ 51 ]. Three of these patients had radiographic evi-
dence of success and were suspected of having a 
nerve injury, and the other 3 patients were sus-
pected of experiencing phantom tooth pain [ 51 ]. 

 Thus, the clinician is obligated to extend his 
attention to this etiologic alternative, especially 
in cases with persistent symptoms following 
apparently successful surgical endodontic treat-
ments [ 4 ,  16 ,  51 – 56 ]. 

 When nerve injury is suspected, a timely man-
nered clinical approach is advised aimed to deter-
mine the sensory disturbance, quantify the 
sensory disturbance, determine treatment needs, 
and monitor recovery [ 2 ,  3 ,  6 ,  16 ,  17 ,  49 ,  50 ]. 

 Figure  13.4  presents an algorithm for the diag-
nosis and management process of suspected 
nerve injury following an endodontic surgery.

   The methods used for neurosensory function 
evaluation vary signifi cantly, ranging between sim-
ple patient questioning and complicated techno-
logical examination modalities [ 3 ,  6 ,  16 ,  57 ,  58 ]. 
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However, the basic indicator of a sensory abnor-
mality is the patient’s own subjective report [ 3 ,  6 , 
 16 ,  57 ,  58 ]. Currently there is no consensus as to 

the optimal method to be applied to measure 
nerve injury following endodontic surgery. 
Nevertheless, the diagnosis should be based on 

Surgical procedure

Non routine sequel1

Suspected altered
sensation2

Routine sequel

Routine post operative
sequel

Routine post operative
management

Routine post operative
sequel

Non routine sequel1

Non-definitive 
diagnosis4Definitive diagnosis4

Clinical
evaluation3

Early
intervention5

Early
intervention5

Early
intervention5

Adequate management
and monitoring

Referral to
further evaluation

  Fig. 13.4    Diagnosis and management of a nerve injury 
following endodontic surgery. ( 1 ) Nonroutine sequel: any 
event that is not part of the routine and/or expected sequel 
during or following the surgical procedure. ( 2 ) Suspected 
altered sensation: any event that occurred during or fol-
lowing the surgical procedure, was reported by the patient, 
or is suspected based on clinical and/or radiographic eval-
uation, which may suggest the presence of altered sensa-
tion following the surgical procedure. ( 3 ) Clinical 
evaluation: evaluation performed to determine the pres-

ence, nature, and extent of the sensory disturbance. 
( 4 ) Defi nitive/non-defi nitive diagnosis: the practitioner is 
able/unable (respectively) to determine the presence, 
nature, and extent of the suspected altered sensation; OR    
is able/unable (respectively) to determine the required 
treatment and/or to monitor recovery. ( 5 ) Early interven-
tion: an intervention performed even prior to a defi nitive 
diagnosis, aimed at preventing permanent nerve damage 
and enabling a better clinical and medicolegal response       
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clinical sensory testing and complementary 
objective sensory tests [ 3 ,  6 ,  16 ,  56 – 58 ]. 

 Unique clinical tests such as the “light touch” 
test performed with specially designed evaluation 
equipment such as the “Semmes-Weinstein mono-
fi laments” for grading are recommended. In addi-
tion, the use of a visual analog scale (VAS)-based 
questionnaire rather than arbitrary questions may 
improve the objectivity of the evaluation [ 56 ]. 

 The clinical sensory tests are aimed to better 
specify the sensory disturbance and to improve 
the diagnostic process [ 16 ] and should start by 
determining the boundaries of the affected area 
of altered sensation [ 54 ]. Once the affected area 
boundaries are determined, the next goal is to 
defi ne the nature and severity of the neurosensory 
impairment [ 54 ]. 

 The nature and severity of the neurosensory 
impairment are evaluated using a set of clinical 
tests, each of them aimed to evaluate specifi c neu-
ral receptors [ 59 ]. All tests should be performed 
with the patient’s eyes closed, by comparing the 
affected side to the contralateral healthy side and 
by using VAS-based questions, in order to improve 
the objectivity of the tests [ 54 ,  56 ,  59 ]. 

 The clinical neurosensory testing with cutane-
ous contact may grossly be divided into two 

 categories: mechanoceptive and nociceptive, 
based on the specifi c stimulated receptors being 
evaluated [ 16 ,  59 ]. Mechanoceptive testing 
includes tests such as “two-point discrimination,” 
“static light touch,” and “brush directional stroke” 
[ 59 ]. Nociceptive testing includes tests such as 
“pin prick” and “thermal discrimination” [ 59 ]. 

 Figure  13.5  presents several clinical evalua-
tion methods of a suspected nerve injury follow-
ing an endodontic surgical treatment.

   Objective sensory tests are aimed to bypass a 
possible bias from the inherent subjectivity of the 
clinical sensory testing [ 53 ,  57 ,  58 ,  60 ]. Trigeminal 
evoked potentials (TEP) test is an electrophysio-
logic method of evaluating the trigeminal path-
way and is an example of a noninvasive and 
objective method to quantify peripheral neural 
function. TEP may serve as an important adjunct 
in the diagnostic process for nerve injuries related 
to endodontic surgery [ 53 ,  57 ,  58 ,  60 ]. 

 Some of the abovementioned evaluation meth-
ods require expertise that may be beyond the den-
tal practitioner’s clinical scope [ 6 ,  23 ,  53 ,  57 ,  58 , 
 60 ]. However, the practitioner needs to be aware 
of the possibility of nerve injury following end-
odontic surgery and should know its possible risk 
factors, its major clinical manifestations, and the 

  Fig. 13.5    Clinical evaluation methods of suspected nerve 
injury following endodontic surgical treatment 
[ 52 ,  54 ,  56 ,  59 ]. ( a ) Determining the boundaries of the area 
of suspected altered sensation, is the fi rst clinical test: An 
explorer is advanced (in a direction marked here with an 
 arrow ) with multiple gentle contact points starting from a 
peripheral area with normal sensation, propagating toward 
the center of the suspected area, until the patient indicates 
a change or loss of sensation. That specifi c point is consid-
ered as the border of the affected area. The procedure is 
repeated on multiple spots (indicated here by  dots ) to form 
the outline of the area of altered sensation. Eventually, the 
area of altered sensation is outlined and marked. ( b ) Two-
point discrimination: tested by contact with sharp twee-
zers, initially with attached arms, and then followed by 
succeeding contacts, with increasingly growing distance 
between the tweezers arms. The distance at which the 
patient is capable of distinguishing two contact points is 

considered the baseline two-point discrimination distance. 
( c ) Static light touch: a device holding a monofi lament 
(calibrated by the force required to bend the monofi la-
ment) is applied to the skin surface until the monofi lament 
bends. The process is repeated with increasingly stiffer 
monofi laments while questioning the patient for his\her 
response. ( d ) Brush directional stroke: moving brush 
strokes of a monofi lament (same as previously used for the 
static light touch test) in different directions (the  arrows  
indicate the directions of the strokes that are applied). The 
patient is asked to confi rm the direction of the stroke. ( e ) 
Pin prick: a needle is applied in a pricking motion. An 
appropriate response should be a feeling of sharp (not dull) 
pain. ( f ) Thermal discrimination: a cotton-tipped applica-
tor is sprayed with a topical anesthetic skin refrigerant 
(such as “ethyl chloride”), or without spray (as control), 
and then applied to the evaluated area. A normal response 
is considered correct answer of a cold or normal feeling         
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relevant anatomical landmarks of the trigeminal 
nerve. Most importantly the practitioner should 
be able to at least determine the initial suspicion 
of nerve injury and refer the patient to a specialist 
if indicated, thus enabling a better clinical and 
medicolegal response.  

   Management 

 Nerve injuries may have signifi cant negative 
effects on the patient’s quality of life. The com-
mon iatrogenic nature of these injuries may fur-
ther complicate and enhance the negative 
psychological effects of these injuries [ 61 ]. Thus, 
the patients need psychological support including 
receipt of immediate, precise, and realistic infor-
mation regarding their condition and prognosis, 
to align their expectations from the possible treat-
ments [ 5 ,  61 ]. 

 Both nonsurgical and surgical clinical modali-
ties have been suggested for the treatment of end-
odontically induced symptomatic nerve injuries. 
However, all techniques are primarily based on 
case reports and small case-series studies [ 6 ,  62 ]. 
Nevertheless, the common knowledge from the 
currently available evidence is that the nerve 
damage may increase along time. Therefore, in 
case a nerve injury is suspected, a timely man-
nered clinical approach is advised in order to 
minimize long-term damage [ 49 ]. 

 Injury of a peripheral nerve leads to neural 
sheet edema and to a microcirculatory disorder 
resulting from the infl ammation. Thus, early 
administration of anti-infl ammatory drugs may 
be benefi cial, and it is therefore the primary ther-
apeutic noninvasive clinical approach [ 6 ,  46 ]. 
Juodzbalys et al. [ 16 ] recommended a course of 
oral steroids (dexamethasone or prednisolone). 
NSAIDs such as ibuprofen may serve as an alter-
native or adjunct to an oral steroid treatment [ 16 , 
 46 ]. Following the initiation of the pharmacolog-
ical anti-infl ammatory treatment, the condition of 
the patient should be closely monitored, and if it 
improves, another course of anti-infl ammatory 
drugs may be considered [ 16 ]. 

 Cryotherapy (“cold therapy”) is the application 
of cold for therapeutic purposes, such as to mini-

mize postsurgical infl ammation, pain, and edema, 
and has been in use as early as the time of 
Hippocrates [ 63 ]. Extraoral ice application on the 
para-neural tissues may minimize secondary nerve 
injury from the infl ammation and edema- induced 
compression and improve postsurgical recovery. 
It should be noted that the exact effect of cryo-
therapy is yet unclear [ 16 ,  63 ]. 

 Additional noninvasive treatment modalities 
suggested for complicated and persistent cases of 
peripheral nerve injuries include therapeutic 
agents, such as antidepressants, or physiologic 
therapies, such as transcutaneous electric nerve 
stimulation (TENS) [ 64 ,  65 ] and low-level laser 
therapy [ 66 ]. 

 Cases that are not responsive to noninvasive 
treatment modalities may be candidates for inva-
sive microneurosurgical procedures. When a sur-
gical intervention is indicated, it may be more 
predictable if performed before the setup of 
Wallerian degeneration (a process in which the 
axon stump distal to a site of injury degenerates) 
about 3 months after the injury [ 6 ,  16 ,  66 ]. 

 If indicated, several surgical procedures may 
be considered: “external neurolysis,” fl ap eleva-
tion for direct nerve inspection and freeing from 
the adjacent constrictive scar tissue; repair by 
direct suturing; and the use of autogenous vein 
graft or Gore-Tex tube to bridge a nerve defect [ 6 , 
 16 ,  66 ]. However, these surgical modalities exact 
indications and clinical effectiveness seem to be 
variable and poorly documented, in low- quality 
case reports and retrospective studies published 
mainly in the fi eld of maxillofacial surgery. In 
addition, full recovery of sensation following 
these surgical procedures is not guaranteed [ 66 ]. 
It should also be taken into consideration that the 
original etiology of the altered sensation is usu-
ally trauma during the surgical endodontic treat-
ment, and an additional corrective surgical 
procedure may introduce an additional trauma, 
infl ammation, and edema, thus adversely affect-
ing the patient’s condition. 

 The long-term prognosis of altered sensation 
following endodontic surgery is yet unknown, 
but it is believed to be related to the type and 
extent of injury (Table  13.1 ), to the timing of 
a corrective intervention, and to the selected 
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treatment protocol [ 6 ,  16 ,  17 ,  61 ,  66 ]. From the 
currently available literature, it seems that most 
patients, especially those with a relatively low 
extent of injury and who received an appropriate 
early intervention treatment, did tend to improve 
with time, sometimes using several different cop-
ing mechanisms [ 61 ]. However, unknown portion 
of the patients may suffer from long-term or per-
manent disability, with signifi cant medical and 
medicolegal consequences and a destructive 
effect on their quality of life [ 6 ,  16 ,  17 ,  61 ,  66 ]. 
Pogrel et al. [ 61 ] reported that among 145 patients 
who were evaluated at least 3 years since their 
initial consultation regarding dental treatment 
related injury to the trigeminal nerve, a 
 considerable portion reported signifi cant effects 
on their quality of life, manifesting as eating dis-
orders (43 %), speech problems (38 %), depres-
sion (37 %), relationship changes (14 %), and 
adverse effects on employment (13 %) [ 61 ]. 
Among this cohort of patients, it was also found 
that patients over 40 years old reported more 
long-term pain than younger patients, that males 
reported on a greater decrease in symptoms than 
females, and that symptoms of lingual nerve 
injury improved more than symptoms of the infe-
rior alveolar nerve [ 61 ]. 

 In conclusion, active preventive measures 
based on a thorough clinical evaluation, adequate 
treatment planning, and case-specifi c adjust-
ments during and following the surgical proce-
dure are the most effi cient measures to minimize 
the risk of nerve injuries during endodontic surgi-
cal procedures. However, when a nerve injury is 
suspected, a timely mannered clinical approach is 
of outmost importance, aimed at preventing per-
manent damage and enabling a better clinical and 
medicolegal response.     
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       Introduction 

 Ischemic osteonecrosis refers to avascular necro-
sis that can affect any bone of the skeleton. It was 
fi rst described in the eighteenth century in the fem-
oral head [ 1 ]. Since 2003, however,  osteonecrosis 
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    Abstract  

  Osteonecrosis of the jaw (ONJ) is a rare condition that has been mainly 
related to the treatment with i.v. bisphosphonates in patients affected by 
cancer bone disease. The ethiopathology is still unknown and the fre-
quency is between 0.8 and 12 %. It can appear in edentulous patients, but 
invasive procedures have been demonstrated to increase the risk of devel-
oping this complication. Few cases have been described in the endodontic 
literature. In the next chapter, we will describe ONJ, will analyze the data 
from literature, and will report expert opinions and guidelines about the 
best clinical practice in the endodontic fi eld. Finally, since data in this fi eld 
are limited, we would like to underline that the best treatment plan for 
cancer patients receiving bisphosphonates and requiring dental procedures 
is a multidisciplinary, case-by-case approach.  
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of the jaw (ONJ) was an extremely rare condition, 
secondary to local and systemic factors, from 
rheumatological to thrombophilic disorders [ 1 ]. 
In the oncological setting, it was mainly conse-
quent to radiation therapy of head and neck and it 
was defi ned osteoradionecrosis [ 2 ]. In 2003, Marx 
and colleagues described an increasing number 
of cases of ONJ in patients affected by cancers, 
mainly multiple myeloma and breast cancer, not 
undergoing radiation therapy [ 3 ]. All the 36 cases 
described by Marx received treatment with i.v. 
bisphosphonates (BP), mainly pamidronate and 
zoledronic acid. Soon after Marx, other authors 
[ 4 – 11 ] confi rmed the observation in retrospective 
epidemiologic surveys in dental clinics and can-
cer centers worldwide confi rming the association 
between ONJ and BP administration (Fig.  14.1a , 
 b ). Despite that the causality and the pathogen-
esis have not been clarifi ed, the almost constant 
association with BP named this new condition 
bisphosphonate-related osteonecrosis of the jaw 
(BRONJ) [ 12 ].

   BP belong to the category of bone antiresorp-
tive agents, prescribed to patients with altered 
bone turnover, mainly osteoporosis, Paget’s dis-
ease, bone metastasis, and multiple myeloma 
[ 13 ]. BP inhibit the mevalonate pathway and con-
sequently osteoclastogenesis and bone resorption 
[ 14 ]. However, in the past few years, a growing 
amount of data supports the theory that there 
might be new target cells and BP might have a 

more pleiotropic effect [ 15 ]. Based on the chemi-
cal structures, BP are divided into two main cat-
egories: nitrogen- and not-nitrogen-containing 
BP (Table.  14.1 ). The nitrogen-containing BP are 
more potent, and comprehend pamidronate and 
zoledronic acid, the two main drugs prescribed in 
oncological patients. Pamidronate was approved 
by FDA in 2001 and zoledronic acid in 2002 [ 16 ] 
and they are the BP more often related to ONJ, 
compared with not-nitrogen-containing BP. Not-
nitrogen- containing BP are prescribed in patients 
with osteoporosis; they are usually orally avail-
able and are less potent BP.

   Criteria for the defi nition of BRONJ have 
been established by the American Association of 
Oral and Maxillofacial Surgeons (AAOMS) in 
2007 [ 17 ] and take into account three characteris-
tics: current or previous treatment with a BP, 
identifi cation of exposed bone in the maxillofa-
cial region that has persisted for more than 
8 weeks, and no history of radiation therapy to 
the jaws. Since not all the cases manifest with 
exposed bone, a revision of the defi nition has 
been proposed [ 18 ,  19 ] with the introduction of 
stage “0” (Table  14.2a ).

   Despite the extensive ongoing research, the 
mechanism that induces ONJ is still unclear. 
Recently several cases of ONJ related to other 
antiresorptive agents such as denosumab, an anti- 
RANKL monoclonal antibody, have been 
described, hypothesizing that ONJ is not related 

a b

  Fig. 14.1    ( a ) Patient affected by metastatic breast cancer 
treated with i.v. zoledronic acid for 16 months. The  arrow  
shows the presence of exposed bone in the posterior right 

maxilla after a tooth extraction. ( b ) Multislice CT scan 
with bone algorithm. Cortical osteosclerosis with maxilla 
sinus infl ammation is detectable       
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to BP, but to a class of drugs with antiresorptive 
activity, and a new terminology has been pro-
posed: antiresorptive agent-induced osteonecro-
sis of the jaw (ARONJ) [ 20 ,  21 ]. Moreover, few 
cases of ONJ have been described in cancer 
patients treated with anticancer drugs [ 21 ] and 
the terminology might change again in the future. 
All these observations highlight the complexity 
of the pathogenesis of ONJ. 

 In the following chapter, we will try to better 
defi ne the characteristics, the diagnostic, and the 
therapeutic approach to ONJ in the context of 
endodontic surgery. Currently very few cases of 
ONJ after endodontic surgery have been 
described in literature and guidelines on this 
topic are scarce. 

 In the course of this chapter, we will use the 
term ONJ as a generic term of necrosis of the jaw 
and BRONJ when specifi cally related to bisphos-

phonates, and we will use the more wide term of 
ARONJ when the ONJ can be related to both 
bisphosphonates and other antiresorptive agents.  

   Epidemiology 

 BRONJ is a very rare condition, with a highly 
inhomogeneous distribution based on the chemi-
cal structure and the potency of BP, schedule of 
administration, duration of treatment, and the 
type of bone disorder (malignant vs. not malig-
nant bone disease). Cases of spontaneous not 
BP-related ONJ are very rare in the general popu-
lation [ 4 ]. Based on case series, case-controlled 
studies, and cohort studies, the cumulative inci-
dence of BRONJ is estimated to be between 0.8 
and 12 % in patients receiving i.v. BP [ 22 – 29 ]. 
The incidence is higher in oncological patients, 

   Table 14.1    Major bisphosphonates, potency, primary indication, and route of administration   

 Drug name  Potency  Primary indication  Route of administration 

  Non-N-BP  
 Etidronate disodium  1×  Osteoporosis, Paget’s disease  Oral and i.v. 
 Tiludronic acid  10×  Paget’s disease, hypercalcemia in malignancy  Oral 
 Sodium clodronate  10×  Bone pain, bone metastasis, hypercalcemia  Oral 
  N-BP  
 Pamidronate disodium  100×  Paget’s disease, bone pain, bone metastasis, 

hypercalcemia 
 i.v. 

 Alendronate  >100–<1,000×  Osteoporosis  Oral and i.v. 
 Risedronate sodium  >1000–<10,000×  Osteoporosis, Paget’s disease  Oral 
 Ibandronic acid  >1,000–<10,000×  Osteoporosis, bone metastasis, hypercalcemia  Oral and i.v. 
 Zoledronic acid  >1,000–<10,000×  Bone metastasis, Paget’s disease, 

hypercalcemia 
 i.v. 

   Non-N-BP  not-nitrogen-containing bisphosphonates,  N-BP  nitrogen-containing bisphosphonates  

    Table 14.2a    ONJ staging system      

 Stage  Clinical presentation 

 At risk  No evidence of necrotic bone in patients treated with oral or i.v. BP 
 Stage 0  No clinical evidence of necrosis, but nonspecifi c clinical fi ndings and symptoms 
 Stage 1  Asymptomatic patient with exposed necrotic bone, no evident infection 
 Stage 2  Symptomatic patient with exposed necrotic bone + infection (pain, erythema ± purulent discharge) 
 Stage 3  Exposed necrotic bone in symptomatic patient with pain, infection, and one or more of the following: 

  Exposed and necrotic bone extending beyond the region of alveolar bone resulting in pathologic fracture 
  Extraoral fi stula 
  Oral-antral or oral-nasal communication 
  Osteolysis extending to the inferior border of the mandible or sinus fl oor 

  Modifi ed from Ruggiero et al. [ 16 ]  
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mainly affected by multiple myeloma (3.8 cases 
per 100 patients), prostate cancer (2.9 per 100 
patients), and breast cancer (2.5 per 100 patients) 
[ 27 ]. The incidence is also infl uenced by dental 
procedures. In an Australian population-based 
survey [ 30 ], the frequency of BRONJ in cancer 
patients treated with i.v. BP is as low as 0.88–
1.15 %, but it reaches 6.7–9.1 % after dental 
extraction [ 31 ]. BRONJ is even more rare in 
patients affected by osteoporosis receiving oral 
BP (0.01–0.04 %) from an Australian survey, 
with incidence rising to 0.09–0.34 % after dental 
extraction [ 31 ]. 

 The discrepancy of the frequency in cancer 
population compared with osteoporosis can be 
partly related to different biology of the bone dis-
ease and to the different types of BP adminis-
tered, the schedule of administration, and the 
cumulative dose of BP. As far as duration of treat-
ment, the risk in multiple myeloma patients 
seems to be increased after 2 years of monthly 
administration of i.v. N-BP [ 23 ,  29 ]. 

 Despite the observation that invasive dental 
procedures increase the risk of BRONJ, likely as 
a consequence of bone exposure and the increased 
risk of infections, cases of spontaneous BRONJ 
have been described in toothless patients, possi-
bly related to the mucosal trauma from dental 
prosthesis, but sometimes no preceding factor is 
observed [ 32 ]. 

 In the study by Hsiao that analyzed patients 
undergoing root canal treatments, the probability 
of healing after conventional root canal proce-
dures in patients treated with oral BP was not sta-
tistically different from patients not receiving BP 
[ 33 ]. In the endodontic literature, very few publi-
cations reported cases of BRONJ in patients 
treated with BP [ 34 – 37 ]. Gallego described one 
case of BRONJ possibly precipitated by the 
mucosal damage induced by rubber dam clamp 
[ 34 ]. Goodell reported two cases of BRONJ pre-
cipitated by endodontic procedures. One patient 
was a 72-year-old man affected by prostate can-
cer and treated with i.v. BP that developed an 
ulcerated area after endodontic treatment on 
tooth #18. Tooth #18 also had a porcelain-fuse- 
to-metal restoration. The second case was a 
74-year-old man affected by prostate cancer that 

has been treated with oral BP followed by i.v. BP. 
The patient received a nonsurgical  endodontic 
treatment on tooth #15. After the procedure, the 
patient complained of persistent pain and under-
went an apicoectomy without benefi t of the 
symptoms. The patient developed tooth mobility 
in correspondence of fi xed partial denture and 
exposed bone. The conservative treatment did not 
obtain any benefi t, and he complained of pain and 
foul odor. After debridement of the maxilla and 
extraction of tooth #15 followed by antibiotic 
treatment, the patient improved, and the follow-
 up at 6 months showed a subjective and clinical 
amelioration [ 35 ]. Two more cases of BRONJ 
secondary to nonsurgical and surgical root canal 
treatments have been described by Sarathy et al. 
[ 36 ]. Finally, one case has been described by 
Katz in a 60-year-old female affected by multiple 
myeloma and treated with i.v. BP that underwent 
a bone graft procedure in the area of teeth #2–3. 
Tooth #3 was also treated with nonsurgical root 
canal and periradicular surgery. The clinical 
examination showed an area of exposed bone 
adjacent to tooth #2–4. The patient received a 
conservative treatment on #2 with rapid improve-
ment [ 37 ].  

   Risk Factors 

 Despite the extensive research directed to deter-
mine the etiopathology of BRONJ, data that dem-
onstrate the causality of BP in the development of 
BRONJ are still circumstantial, and hypothesis 
about the risk factors and the mechanisms 
involved are even less clear. Due to the low fre-
quency of ONJ compared with the extensive use 
of BP, it is evident that cofactors should be impli-
cated in the development of this complication. 

 Several attempts have been addressed to iden-
tify risk factors, related to both patient’s features 
and drug characteristics [ 16 ,  19 ,  25 ,  30 ,  38 ]. In 
the 2009 paper by the American Association of 
Oral and Maxillofacial Surgeons, the risk factors 
are categorized in drug-related factors, local, 
demographic, genetic, and preventive [ 16 ]. The 
drug-related factors evaluate the type of BP, the 
potency of BP, the schedule of administration, 
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and the duration of the treatment and more 
recently even their pharmacokinetics and phar-
macodynamics [ 39 ]. About the potency, pami-
dronate and zoledronic acid are the types of BP 
more frequently associated with ONJ. 
Concerning the exposition to the treatment, sev-
eral studies observed an increased risk for 
patients affected by multiple myeloma treated 
over 2 years, and the updated guidelines for the 
treatment of patients affected by multiple 
myeloma suggest a 2-year treatment and to eval-
uate case by case for longer therapy [ 40 ]. For 
breast cancer patients, the American Society of 
Clinical Oncology guidelines do not indicate a 
limit for the use of bone-modifying agents like 
BP and denosumab but suggest that should be 
continued based on the patients’ performance 
status [ 41 ]. The 2013 American National 
Osteoporosis Foundation guidelines observe that 
no treatment should be administered for indefi -
nite time, but due to the lack of evidence in this 
fi eld, especially for treatments longer than 
5 years, they conclude that the duration of treat-
ment should be individualized based on the frac-
ture risk of each patient [ 42 ]. About local risk 
factors, the mandible is interested two times 
more than the maxilla. In the mandible the region 
of lingual tori and mylohyoid ridge are more 
prone to develop the complication, and in the 
maxilla the palatal tori is more often interested 
by ONJ [ 17 ,  39 ]. Cancer type should be taken 
into account as well, since multiple myelomas 
seem to be more prone to develop this complica-
tion [ 4 ,  27 ]. Moreover, the concomitant use of 
other drugs such as steroids and thalidomide 
may affect the bone biology as observed in some 
papers, but not confi rmed by others [ 25 ]. Despite 
that lesions can be spontaneous, invasive dental 
procedure is one of the major risk factors for the 
development of BRONJ [ 17 ].  

   Etiopathology: Osteonecrosis 
and/or Osteomyelitis 

 The three main hypotheses about the etiopathol-
ogy of BRONJ evaluate the importance of local 
infections, the damage of the microcirculation 

(antiangiogenetic effect of BP), and the inhibi-
tion of the bone remodeling. It is still unclear if 
the osteonecrosis is the consequence of an 
 osteomyelitis or if the osteomyelitis is secondary 
to the necrosis. Antiangiogenetic mechanism has 
been proposed by Ruggiero based on several 
research data of BP in vitro and in vivo [ 4 ], while 
other hypothesis are in support of altered bone 
remodeling and local infection [ 4 ]. It is important 
to note that since the frequency of BRONJ is 
extremely low (between 0.8 and 12 % in i.v. BP), 
BP probably act in a multifactorial context lead-
ing to avascular necrosis by a multistep 
pathogenesis.  

   Clinical Presentation and Staging 

 The most widely used defi nition of BRONJ refers 
to the one given by the American Association of 
Oral and Maxillofacial Surgeons (AAOMS) in 
2007 that refers to “patients with exposed bone of 
the maxillofacial region for at least 8 weeks (that) 
are currently on or have taken bisphosphonates 
and have no history of radiotherapy to the jaw” 
[ 17 ]. Differential diagnosis with similar condi-
tions and delayed healing is necessary [ 16 ] as 
alveolar osteitis, sinusitis, gingivitis, and peri-
odontal disease. 

 Based on the clinical presentation, BRONJ is 
classifi ed into four stages (0–III) [ 16 ] 
(Table  14.2a ).

   Patients can present with asymptomatic 
exposed bone or can be symptomatic complain-
ing pain, periapical/periodontal fi stula, halitosis, 
tingling, and swollen gum. 

 An alternative definition and staging has 
been proposed by Bedogni that redefined 
BRONJ as follows: “bisphosphonate-related 
osteonecrosis of the jaw (BRONJ) is an 
adverse drug reaction described as the pro-
gressive destruction and death of bone that 
affects the mandible or maxilla of patients 
exposed to the treatment with nitrogen- 
containing bisphosphonates, in the absence of 
a previous radiation treatment” [ 19 ]. Bedogni 
proposes a staging on both clinical and radio-
logical findings (Table  14.2b ).  
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   Prevention of BRONJ 

 The majority of available guidelines [ 16 ,  38 ] 
 suggests oral examination and removal of unsal-
vageable teeth: complete all-invasive procedures 
and complete recovery before the start of BP treat-
ment. It has been demonstrated that the prevention 
reduces the risk of BRONJ, without completely 
eliminating the risk. For patients that are already 
receiving treatment, the approach is not quite clear. 
Avoiding invasive procedures and adequate pro-
phylaxis should be guaranteed. Still controversial 
is the utility of suspension of BP for a maximum 
of 3 months before dental procedures. 

 Patients receiving BP should be aware of the 
risk of ONJ and should be educated as to the 
importance of dental hygiene and to report any 
pain, swelling, or exposed bone [ 16 ].  

   Management of Patients Receiving 
Bisphosphonate in Endodontic 
Therapy and Endodontic Surgery 

 Dental extractions or invasive surgical procedure 
is considered one of the precipitating factors for 
the development of BRONJ [ 31 ,  43 ]. 

 Nonsurgical endodontic treatment is preferred 
over extraction if pulpal disease is identifi ed or for 
severely decayed teeth in patients with a history 
of receiving intravenous bisphosphonates or pro-
longed use of oral bisphosphonates [ 4 ,  33 ,  36 ]. In 
agreement with the position statement of the 
American Association of Endodontists of 2012, 
teeth to be extracted may be treated by crown 
resection, endodontic treatment of the roots, and 
restoration similar to preparing an overdenture 
abutment [ 44 ]. Moreover, nonsurgical    root canal 

   Table 14.2b    Staging system proposed by Bedogni based on clinical and radiological fi ndings   

 Clinical signs and symptoms  CT fi ndings 

  Stage 1  
 Focal BRONJ 

 Bone exposure  Increased bone density limited to the alveolar bone 
region (trabecular thickening and/or focal 
osteosclerosis),  with or without the following signs : 

 Sudden dental mobility  Markedly thickened and sclerotic lamina dura 
 Nonhealing postextraction socket  Persisting alveolar socket 
 Mucosal fi stula  Cortical disruption 
 Swelling of the gum   1a. Asymptomatic 
 Abscess formation   1b. Symptomatic (pain and purulent discharge) 
 Trismus 
 Gross mandibular deformity and/or 
hypoesthesia of the lips 

  Stage 2  
 Diffuse BRONJ 

 Same signs and symptoms as stage 1  Increased bone density extended to the basal bone 
(diffuse osteosclerosis),  with or without the 
following signs : 
 Prominence of the inferior alveolar nerve canal 
 Periosteal reaction 
 Sinusitis 
 Sequestrum formation 
 Oral-antral fi stula 
  2a. Asymptomatic 
  2b. Symptomatic (pain and purulent discharge) 

  Stage 3  
 Complicated BRONJ 

 Same signs and symptoms as stages 1 
and 2,  with one or more of the 
following clinical signs and symptoms : 

 Osteosclerosis of adjacent bones (zygoma, hard 
palate), pathologic mandibular fracture, and/or 
osteolysis extending to the sinus fl oor 

 Extraoral fi stula 
 Displaced mandibular stumps 
 Nasal leakage of fl uids 

  Modifi ed from Bedogni et al. [ 19 ]  

S. Pozzi et al.



159

treatment is less traumatic to the oral tissue when 
compared to the extraction and is associated with 
ONJ only in 0.8 % of all cases [ 43 ]. 

 When nonsurgical root canal treatment has 
failed, nonsurgical retreatment is considered as 
the fi rst-choice treatment [ 45 ,  46 ]. 

 Nonsurgical root canal treatment or  retreatment 
has a success rate of up to 74 % for necrotic teeth 
with apical periodontitis [ 47 ]. Currently there are 
no data in the literature regarding the healing of 
periradicular lesions in patients taking intravenous 
bisphosphonates. We fi nd only a short-term retro-
spective clinical and radiographic study that evalu-
ated the healing of periradicular lesions in patients 
taking long-term oral bisphosphonates after non-
surgical root canal treatment. The authors conclude 
that these patients can expect a satisfactory out-
come with evidence of periradicular healing [ 33 ]. 

 When also nonsurgical root canal retreatment 
is impractical, surgical canal treatment is consid-
ered [ 45 ,  48 ]. The modern endodontic microsur-
gery is performed by using operating microscope, 
micro-instruments, ultrasonic tips, and biocom-
patible root-end fi lling materials and has a suc-
cessful outcome in a follow-up of more than 
1 year postoperatively in 89.0 % of cases [ 49 ,  50 ]. 

 Currently there are few data about the out-
come of surgical endodontic treatment in patients 
taking bisphosphonates. Sarathy et al. describe a 
case report where surgical endodontic treatment 
was a precipitating factor [ 36 ]. 

 Surgical endodontic treatment is considered 
less invasive than tooth extraction, but several 
authors state that it is not recommended in 
patients taking bisphosphonates [ 36 ,  37 ,  51 – 53 ]. 

 Surgical endodontic treatment should follow 
the same recommendation of any oral surgical 
procedures [ 54 ] and should be suggested to an 
assessment of the risk and potential benefi ts of 
the treatment for each individual patient [ 55 ].  

   Diagnostic Criteria for BRONJ/
ARONJ 

 The diagnostic criteria for BRONJ developed by 
the American Association of Oral and 
Maxillofacial Surgeons include a history of 

bisphosphonate use, absence of radiotherapy to 
the head/neck, and presence of exposed bone in 
the maxilla or mandible persisting for more than 
8 weeks. The guidelines were revised in 2009 to 
include patients with stage 0 disease, character-
ized as those with no evidence of necrotic bone 
but with the following: (1) nonspecifi c symptoms 
such as pain or odontalgia not explained by odon-
togenic causes or dull aching bone pain, (2) clini-
cal fi ndings including loosening of teeth not 
explained by chronic periodontal disease and/or 
periapical/periodontal fi stula not associated with 
pulpal necrosis due to caries, or (3) radiographic 
fi ndings including alveolar bone loss not attribut-
able to chronic periodontal disease, trabecular 
bone alterations including dense woven bone, 
and persistent unremodeled bone in extraction 
sites, thickening of the lamina dura, and inferior 
alveolar canal narrowing [ 16 ]. 

 Clinical judgment may underestimate the 
extent of bone involvement, and ARONJ may 
extend well beyond the exposed bone in the oral 
cavity. In addition, clinical judgment may under-
estimate the amount of bone resection if surgical 
treatment is planned [ 56 ]. 

 A wide spectrum of radiographic features have 
been reported in ARONJ, with the emergence of 
typical patterns now readily identifi able in affected 
patients. These include osteosclerosis, thickened 
and disorganized medullary trabeculation, cortical 
disruption, increased thickness of the lamina dura 
and inferior alveolar nerve canal (IAN) margins, 
periosteal bone formation, and sequestration. 
Hutchinson et al. reported that in stage 0 patients 
with radiographic abnormalities, a consistent fi nd-
ing is the presence of osteosclerosis in clinically 
symptomatic areas, ranging from distinct focal 
density of the surrounding alveolar bone to more 
widespread involvement. In most patients the pos-
terior mandible is involved, and prominence of the 
IAN canal, increased trabecular density, and lack 
of differentiation between cortical and medullary 
bone are common fi ndings. Uniform periradicular 
radiolucencies are often noted in the mandibular 
cases, and one-third had evidence of buccal or lin-
gual cortical disruption [ 57 ]. 

 Radiological features of advanced clinically 
apparent ARONJ have been well documented, 
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particularly by CT. Although CT scanning pro-
vides a three-dimensional reconstruction of bony 
architecture, it provides little information about 
local metabolic or vascular changes and therefore 
may not be as sensitive in detecting early lesions 
as is radionuclide imaging. In the study of Ryan 
and coworkers, 65.7 % of patients showed tracer 
uptake in areas that subsequently developed 
BRONJ. This sensitivity in detecting increased 
metabolic activity in the form of bone turnover is 
a precise though nonspecifi c indicator of vascu-
larity and bone metabolism because labeled 
bisphosphonates depend on increased local 
osteoblastic activity. It has been speculated that 
bone turnover in ARONJ is actually greater than 
normal in response to bacterially mediated bone 
resorption. Therefore, scintigraphy may have 
prognostic value. Reports of negative bone scans 
in patients with known ARONJ indicate that scin-
tigraphy may not detect photopenic foci, so- 
called cold lesions, possibly because of alterations 
in microcirculation due to microthrombotic 
occlusion. Early lesions in the maxilla, especially 
in avascular areas such as palatal tori, can be 
more diffi cult to detect because normal scinti-
grams frequently show mild uptake in the naso-
pharynx [ 58 ]. 

 Cone beam computed tomography (CBCT) is 
adequate to investigate the prevalence of typical 
radiological fi ndings of ARONJ, with the same 
accuracy of multislice CT. Anyway, during surgi-
cal therapy, the exact resection margins are not 
possible to be determined using any mode of 
imaging. CBCT imaging and multislice CT of 
BRONJ offer only the possibility of estimating 
the extent of the BRONJ lesion and depicting the 
involvement of important anatomical structures, 
for example, the mandibular nerve, the maxillary 
sinus, or the teeth. This information is essential if 
surgical therapy is considered. However, the sub-
stantial advantages of CBCT are its ready avail-
ability, the reduced radiation dose, and the lower 
cost in comparison with multislice CT [ 59 ]. 

 The MRI showed two patterns of bone dis-
ease in ARONJ. In the fi rst pattern, characteris-
tic of exposed areas of diseased bone, low signal 
was observed in T1- and T2-weighted images, 
with a relatively low signal in inversion recov-

ery images, which was suggestive of low water 
content. The second pattern, typical of unex-
posed diseased bone, was characterized by T1 
hypointensity and T2 and inversion recovery 
hyperintensity, suggesting high water content. 
In advanced disease with extensive bone expo-
sure, the two patterns coexist, with the second 
one being always present in a peripheral distri-
bution [ 56 ].  

   Clinical Care of Patients with 
Established BRONJ/ARONJ 

 There are currently many protocols for the treat-
ment strategies of ARONJ. These are recom-
mendations published by manufacturers of 
drugs, scientifi c associations, or those based on 
literature reviews [ 17 ,  60 – 62 ]. At present, two 
different approaches can be differentiated: con-
servative approach including antibiotics, oral 
rinses, pain control, and limited debridement 
with the aim of reducing the stage of necrosis 
and avoiding progression which may be associ-
ated with surgery. These guidelines recommend 
invasive surgery only for large and extended 
necrosis [ 63 ]. 

 When patients develop ARONJ, recommenda-
tions for the treatment approach to ARONJ 
depend on severity. Generally, a conservative 
approach is recommended with the use of anti-
septic mouth rinse (0.12 % chlorhexidine gluco-
nate) and broad-spectrum antibiotics (amoxicillin/
clavulanic acid, metronidazole, or clindamycin). 
A limited surgery, including surface debride-
ment, tooth extraction, necrotic bone sequestrec-
tomy, or aggressive surgeries, such as resection 
of the affected bone, may be required in patients 
with more severe stages of ARONJ [ 52 ]. 

 When dental treatment is performed on such a 
patient, the use of antiseptic mouth rinse (0.12 % 
chlorhexidine gluconate) and broad-spectrum 
antibiotics (amoxicillin/clavulanic acid, metroni-
dazole, or clindamycin) has been recommended 
but not yet substantiated [ 32 ]. 

 In Table  14.3 , modifi ed from Yamashita [ 52 ], 
we report the suggestion for the treatment goals, 
follow-up, and ONJ management.
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   In contrast to these general guidelines, others 
already recommend surgical treatment at earlier 
stages with the aim of avoiding progression of the 
necrosis. There is a consensus that cases refrac-
tory to conservative management may benefi t 
from investigational therapies [ 32 ]. The roles of 
surgical treatment and hyperbaric oxygen ther-
apy are still under investigation. While a drug 
holiday for the administration of antiresorptive 
agents is recommended by several guidelines, 
there are no studies proving its effi cacy. 
Comparing the results between conservative and 
surgical treatment, it seems that there is no differ-
ence regarding the success of treatment (e.g., 
60.5 % vs. 60.4 %). This comparison is biased 
since, according to some recommendations, sur-
gery is rather performed in cases with extended 
necrotic bone. However, if the results for accept-
able healing and resolution of pain are compared 
between conservative and surgical treatment, the 
former shows worse outcomes than the group 
with surgical treatment. The group receiving sur-
gical treatment has fewer new cases of ARONJ 
than the group with conservative treatment (e.g., 
3.1 % vs. 8.1 %). Both results are related to the 
fact that surgical treatment is mostly performed 
in cases with a higher stage of ARONJ than for 
conservative treatment. It is not known to what 
extent early surgery might be benefi cial for 
patients at a low stage when compared to conser-

vative treatment. The higher stages are often 
associated with worse general health conditions 
that might negatively affect the surgical results. 
Unfortunately not every study on treatment out-
comes revealed information concerning the stag-
ing and thereby extension and severity of the 
necrosis. However, it seems that total healing of 
ARONJ after conservative treatment is only suc-
cessful in low stages [ 64 ,  65 ]. We conclude that 
conservative treatment might only lead to com-
plete healing in stage I patients. The review per-
formed by Kühl et al. [ 63 ] shows that surgical 
procedure in terms of exploration and resection 
of necrotic bone results in successful healing of 
60 % (Fig.  14.2a–c ). Although complete healing 
was not achievable in 20 %, patients showed at 
least a relief of pain. With regard to these results, 
almost 80 % of the patients had a direct benefi t 
related to surgical intervention. Only 3 % showed 
worse outcomes with refractory healing and reso-
lution of pain after surgery and 16.5 % were 
either lost to follow-up or showed the same stage. 
Most studies with surgical procedure included 
patients with high stages of necrosis. With regard 
to the poor conditions associated with high stages 
of necrosis in these groups, it might be concluded 
that surgical therapy in cases with low-grade 
necrosis might result in even higher success rates 
than if conservative treatment is performed. 
Evaluating the results of this review and taking 

   Table 14.3    Management of patients with ONJ   

 Treatment objectives  Eliminate pain 
 Control infection 
 Reduce the progression or the occurrence of bone necrosis 

 Management of 
infections 

 Oral antimicrobial rinse 
 Systemic antibiotic in case of infection 

 Conservative therapy  Remove sharp bone edges to prevent trauma to adjacent soft tissues 
 Remove loose segments of bony sequestra avoiding the exposition of uninvolved bone 
 Consider extraction of symptomatic teeth within exposed, necrotic bone 
 Segmental jaw resection may be needed in case of symptomatic patients with extensive 
necrotic bone or pathologic fracture 

 Follow-up  Every 2–3 weeks 
 Prosthesis  Prosthesis appliances should be reevaluated for fi t and soft denture relines may be 

recommended 
 Antiresorptive 
treatments 

 No scientifi c evidence to support discontinuation of antiresorptive agents to promote healing 
of the necrotic bone in the jaw 

  Modifi ed from Yamashita and McCauley [ 52 ]  
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our own experiences into account, we recom-
mend conservative treatment as initial treatment 
for pain control and chronifi cation of acute 
infl ammatory signs before surgical treatment in 
any stage of ARONJ. Surgery, however, seems to 
be inevitable in most of the cases where complete 
and successful healing is the aim. Surgery may be 
avoided if complete healing appears during the 
initial phase of pain control, local disinfection 
(by mouth rinse or topical application of disin-
fectant paste), and administration of antibiotics. 
This, however, seems to be confi ned to a rather 
rare number of cases [ 63 ].

   The histological analysis of bone margins is 
important to evaluate the appropriateness of bone 

resection as they were determined preoperatively 
only on the basis of CT and MR. Importantly the 
presence of osteomyelitis at one margin of resec-
tion was a predictor of ARONJ recurrence. It 
seems clear that clinical and radiological healing 
depend on the presence of healthy bone at the 
margins of resection. In fact, in the case series 
reported by Bedogni, all patients that relapsed 
during the follow-up had osteomyelitic involve-
ment of the margins of resection. A resection 
margin was considered normal when its bone 
architecture was preserved and there were no 
signs of necrosis or infl ammation. Presence of 
osteomyelitis in the resection margins is consid-
ered a predictor of ARONJ recurrence. CT signs 

a

c

b

  Fig. 14.2    ( a ) Lower right maxillectomy, followed by an 
accurate soft tissues suturing for a primary healing. ( b ) 
Intraoral view 6 months after the surgical treatment, with 

a good healing and relevant diminishing in pain. ( c ) 
Multislice CT performed at 6 months       
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of recurrent disease are apparent within 6 months 
after surgery and precede clinical manifestations 
of ARONJ [ 66 ]. 

 The benefi t of using ND:YAG laser stimula-
tion or pulse application has not yet been proved. 
As yet there are no studies which have evaluated 
the level of evidence for trials published before 
2010. The results of the present study show that 
the overall level of evidence concerning the inci-
dence and treatment strategies for ARONJ is 
rather low [ 63 ]. 

 It has been proposed that the serum C-terminal 
telopeptide (sCTX) levels, which refl ect osteo-
clastic bone resorption, can be used as a useful 
biomarker for predicting the risk of ARONJ. 
CTX is a peptide fragment generated during col-
lagen degradation by osteoclasts. Although type I 
collagen is found not only in mineralized matrix, 
sCTX levels are sensitive to bone resorption and, 
therefore, monitoring the sCTX level issued in 
some patients for assessing the effi cacy of antire-
sorptive therapy. However, as individual wide 
variation exists in the levels of sCTX, it is diffi -
cult to assess the individual bone turnover state 
with a one-time point measurement. Without 
knowing sCTX levels at baseline (before anti-
resorptive therapy is commenced), it would be 
hard to infer the depth of osteoclast suppression 
from the sCTX levels of patients who are already 
on antiresorptive therapy. For these reasons, the 
use of sCTX as a risk predictor for ARONJ is not 
substantiated [ 52 ].  

   Follow-Up of Patients with BRONJ/
ARONJ 

 Follow-up every 2–3 weeks is warranted by the 
American Association of Oral and Maxillofacial 
Surgeons [ 17 ]. 

 In the publication by Bedogni, after surgical 
treatment is useful, the patients were followed up 
weekly for the fi rst month, at 3-month intervals up 
to 1 year, and at 6-month intervals up to 2 years. 
At each visit, a visual analog score by Huskisson 
scale [ 67 ] for oral pain was obtained, and the oral 
mucosa inspected for early signs of ARONJ. At 
all visits a panoramic radiographs and CT scans 

were performed at 3, 6, 12, 18, and 24 months. CT 
and magnetic resonance (MR) imaging were used 
preoperatively to assess the degree of jawbone 
involvement and to defi ne the margins of resec-
tion. CT signs of recurrent disease are apparent 
within 6 months after surgery and precede clinical 
manifestations of ARONJ [ 66 ].  

   Conclusions 

 In conclusion, despite the low frequency of 
this complication in patients receiving BP, 
ONJ can require a long time to recover and 
heal, sometimes interfering with the treatment 
of the oncological disease. For these reasons, 
dentists and maxillofacial surgeons need to 
work in close contact with oncohematologists, 
primary care physicians, and other specialists 
for the prevention and the treatment on 
BRONJ/ARONJ. Very few clear indications 
are available in the endodontic literature. 
Prevention is the cardinal point. Since end-
odontic surgery is an invasive procedure, and 
invasive procedures are considered a major 
risk factors for the development of this com-
plication, it should be avoided, when possible, 
preferring other techniques. Once BRONJ/
ARONJ manifests, we suggest to follow the 
major guidelines for conservative treatment, 
fi rst, and eventually surgical procedures in the 
more advanced stages, with very close follow-
up of the patients. A multidisciplinary 
approach of patients receiving antiresorptive 
agents is mandatory. 

 In conclusion, while nonsurgical retreat-
ment is preferable, endodontic surgery might 
be a better and safer choice than extraction 
due to more frequent fi rst-intention healing, 
less traumatic procedures, and possibly lower 
risk of infection, but no evidence-based data 
are currently available and future in vivo stud-
ies are necessary to support this hypothesis.     
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       Malpractice in a General Dental 
Practitioner Environment 

 From a historical perspective [ 1 ], it is a relatively 
new concept to be able to question the standard of 
care as carried out by a physician. In this chapter, 
we will describe the general complaint profi le 
as well as the specifi c handling of endodontic 
claims and actual malpractice cases as experi-
enced in some countries. Several recent reports 
(Table  15.1 ) have been published based on data-
bases. This has brought more insight to how lia-
bility claims between the patient and the dentist 
have been managed. Although a detailed 
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  15      Medicolegal Consideration 
in Endodontics: General and 
Surgical Aspects 

           Lars     Bjørndal      ,     Henrik     Nielsen      , and     Vibe     Rud     

    Abstract  

  Patient injuries in relation to medical treatment and in particular conven-
tional or surgical endodontics might under certain circumstances trigger a 
wish for economical compensation. In many parts of the world, the patient 
would have to take the practitioner into a civil court to get compensation. 
However, in a number of countries, there is a legislation which deals with 
injuries in relation to medical treatment and compensation. Medicolegal 
considerations in relation to endodontic treatment are in a few countries 
particularly detailed. Endodontic complaints and  insurance cases are rela-
tively frequently occurring. A subcategorization of endodontic complaints 
shows that the suboptimal root fi lling represents a potential risk for com-
plaints. Endodontic surgery as an area of claim per se seems lesser involved 
than conventional endodontics. Statistics about endodontic claims may 
indicate where risk management and educational efforts can be most 
effectively directed to improve the standard of care. “Lessons to learn” are 
presented only in cases where the “complained tooth” has been treated 
with the use of endodontic surgery.  
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 comparison is diffi cult, the proportion of the end-
odontic area is comparable in between the 
countries.

   Furthermore, some lessons to be learned will 
be suggested in this chapter. What are the major 
reasons for claims within general endodontics as 
well as endodontic surgery per se? What is the 
typical fate of the “complained tooth,” and how is 
it treated in the aspect of endodontic surgery?  

   The Medicolegal System Worldwide 

 The tradition of having a general dental practitio-
ner (GDP)-related insurance, in case of treatment 
injuries, has in a few countries been an obliga-
tion. In other countries, the GDPs are mainly 
encouraged to be involved with an insurance 
company. Medicolegal activities may again in 
other countries only be dealt with in a civil court. 

 As evidenced from Israel and Italy [ 8 ,  9 ], most 
of the dental practitioners are obligated to report 
any incidence or suspicion of a legal action 
against them, as part of their professional liability 
insurance terms. In the USA, the GDPs are 
encouraged to handle dental offi ce incidents and 
claims properly by early discussion with the 
insurance company [ 5 ]. Based on data from 
Turkey and Iran, it is apparent that only very few 
cases are enrolled in the published reports, being 
civil court cases, and these few cases do not 

refl ect the actual number of complaint cases [ 4 , 
 7 ]. In the Nordic countries, there is a complaint 
and an insurance system described below as “the 
Nordic model.”  

   The Nordic Model 

 A brief description of complaint management 
with respect to medicolegal and insurance legis-
lation in Denmark and Sweden follows. The 
Nordic model has been chosen, because the inter-
national tradition in covering complaints and 
insurance cases within a broader platform of leg-
islation appears limited. 

   The Complaint System 

 In Denmark and Sweden, the medicolegal system 
handling complaints is closely related to health 
legislation. In both countries, complaints are 
managed by local committees or regional dental 
complaint boards (DCB) consisting of members 
from the Dental Association and offi cials. The 
committee makes administrative decisions based 
on best clinical practice and legislation [ 2 ,  6 ,  10 ]. 
Following a complaint from the patient and based 
on the patient fi le, the DCB gives a written state-
ment, which includes a decision of malpractice or 
no malpractice. If the decision of the boards is 

   Table 15.1    Medicolegal data from countries disclosing malpractice data, the different origin of the source, the study 
period, the total numbers of dental malpractice/complaint, and the proportion of the endodontic-related complaints   

 Reference  Country  Source of data 
 Study 
period 

 Total no. of dental 
malpractice/
complaints 

 Endodontic-related 
malpractice/
complaints no. (%) 

 René and Öwall [ 2 ]  Sweden  NHI a  and Swedish DA b   1947–1983  1,599  206 (12.9) 
 Milgrom et al. [ 3 ]  USA  Self-reported 

questionnaire 
 1988–1992  215  39 (18.1) 

 Ozdemir et al. [ 4 ]  Turkey  Ministry of Health  1991–2000  11  2 (18.2) 
 Hapcook [ 5 ]  USA  Private insurance  2006  –  – (17.0) 
 Bjørndal and Reit [ 6 ]  Denmark  NHI and Danish DA b   1995–2004  5,407  742 (13.8) 
 Kiani and Sheikhazadi [ 7 ]  Iran  Expert committee  2002–2006  277  46 (16.6) 
 Givol et al. [ 8 ]  Israel  Insurance company  1992–2008  5,217  720 (13.8) 
 Pinchi et al. [ 9 ]  Italy  Insurance and ANDI c   2006–2010  1,230  237 (19.3) 

   a National Health Insurance 
  b Dental Association 
  c National Association of Italian Dentists  
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consistent with malpractice, the dentist has to 
return the fee for the treatment to the patient. In 
other cases, the DCB may propose a settlement, 
where the dentist in question accepts to cover the 
patients’ expenses for re-treatment provided by 
another practitioner. The dentist or the patient 
may appeal the decision to a national dental com-
plaint board (NDCB). Besides dentists and lay-
people, the NDCB also includes a civil court 
judge. The NDCB might temper, affi rm, inten-
sify, or reject the regional DCB’s decision. If one 
of the parties still is dissatisfi ed, the decision can 
be brought to a civil court.  

   The Insurance System 

 In Denmark, patient insurance has been a part of 
health care legislation since 1992. With modifi ca-
tion, the law now covers all kinds of treatment 
independently if the treatment is given in a pri-
vate or public context. The fi nancial resource for 
legislation and insurance is primarily founded by 
the government. However, the dentists pay a pre-
mium depending on their revenues. 

 The insurance in Denmark is a no-fault insur-
ance. This means that it is not a matter of estab-
lishing if the practitioner has made a mistake. 
The important thing is to establish if the treat-
ment per se leaves the patient in a situation where 
the status of the dentition has deteriorated. 
Additionally, a re-treatment is not possible to 
reestablish the patient’s tooth/dentition. Finally, 
it is important to distinguish between well-known 
complications to a particular treatment and inju-
ries. To do so, four principles are used:
    1.    Would another specialist have done it 

differently?   
   2.    Could another method have been used?   
   3.    Is the injury caused by apparatus fail?   
   4.    Must the patient tolerate more discomfort than 

the average patient?     
 To describe the content of the four principles, 

the following should be observed:
   Ad 1. Is it is possible to think of a hypothetical 

GDP who would have chosen another treat-
ment based on best evidence and by that 
avoided the injury?  

  Ad 2. Is it be possible to treat the patient with 
another method and achieve the same result 
but without the risk of injury?  

  Ad 3. For example, if the injury is caused by a 
separated instrument or device.  

  Ad 4. It is a well-known fact that treatment often 
implies discomfort. However, a nerve injury in 
relation to conventional endodontics would be 
anticipated as more discomfort than the aver-
age patient would experience.    
 In Sweden, a similar no-fault compensation 

system has been introduced. The purpose has 
been to provide the patient who suffered a treat-
ment injury with the right to be compensated, 
regardless of whether the injury had been estab-
lished by negligence or not [ 11 ]. Concomitantly, 
the system can chase those dentists providing 
dental care where they were responsible for neg-
ligence under tort law. 

 In cases where the patient cannot accept the 
decision made in the insurance system, the 
Danish system has an appeal board. If it is still 
not acceptable to the patient, the patient can bring 
the decision to a civil court [ 12 ].   

   Hypotheses on Frequency 
and Areas of Malpractice Claims 

 Should we expect complaints within endo dontics, 
some suggested hypotheses (H) are presented:
   ( H1 ) The frequency of root canal treatment has 

increased over the last decades [ 13 ]; therefore, 
the number of endodontically related malprac-
tice claims should be rising.  

  ( H2 ) Internationally, root fi llings are often of 
substandard technical quality in a GDP envi-
ronment [ 14 – 16 ] rarely performed with the 
use of rubber dam [ 17 ,  18 ], and a high fre-
quency of persistent periapical infl ammatory 
lesions is noted.  

  ( H3 ) Molars predominate the treatment pan-
orama, and if only a few endodontic special-
ists are available to refer complicated cases 
to (as in countries without endodontic spe-
cialist training), malpractice claims are 
expected to refl ect this situation and to a sub-
stantial part be associated with the results of 
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defective root fi llings and technical treatment 
complications.  

  ( H4 ) Malpractice claims in endodontic surgery 
are seldom, because it is often introduced to 
save the “complained tooth” from extraction.    

   Frequency of Dental 
Malpractice Claims 

 In a study of Swedish malpractice cases, less than 
1 malpractice case per 1,000 dentists was detected 
in the period from 1977 to 1983 [ 2 ]. In the USA, 
the number of general malpractice cases per 
1,000 dentists increased from 11 to 27 malprac-
tice cases in the period from 1988 to 1992 [ 3 ], 
and more recent statistics from 2007 shows that 
dentist with at least 1 fi led claim increased from 
27 per 1,000 dentist to 40 per 1,000 dentist [ 19 ]. 

 In Denmark, from 1995 to 2004, the number of 
malpractice cases increased from 4 to 5 per 1,000 
dentists [ 6 ]. Dental malpractice claims per 100,000 
patients have been relatively constant covering a 
10-year period from 1995 to 2004 in Denmark. 
However, in urban areas the frequency of claims 
was over the mean of the country (24.7 versus 13.1, 
respectively) [ 6 ]. A similar difference between 
urban and rural areas was reported in Sweden [ 2 ]. 

 In short, medicolegal reports on endodontics 
are frequently received by the complaint boards 
and/or insurance systems/companies. As when it 
comes to the variation in claim frequency, the 
medicolegal systems vary between countries, and 
direct comparisons are diffi cult to make, but in 
general complaints from patients about dental 
treatments are internationally rising [ 7 ].  

   Areas of Malpractice Claims 

 Endodontic treatment and prosthodontics have 
been among the three most frequently listed com-
plaint areas during the past decades (Table  15.2 ). 
Notably, oral surgery seems to be lesser involved 
within recent years, whereas implant placements 
are a new growing area of malpractice com-
plaints. The latest report has implant as the num-
ber one most frequent claim area [ 9 ].

       General Endodontics 

 A subcategorization of endodontic complaints 
has shown that a major problem is the inade-
quate root fi lling quality [ 6 ]. In particular, the 
short root fi lling appears to be dominating 
(Fig.  15.1 ). Perforations represent another 
high-risk area followed by intra-canal separated 
instruments. Also the inappropriate use of out-
dated medicaments produces malpractice 
claims. Paraformaldehyde application led in all 
reported cases in Denmark to a decision of mal-
practice [ 6 ].

   Altered nerve sensation following root canal 
treatment is occurring in the mandibular. A typi-
cal profi le for a complaint of an altered nerve 
sensation [ 20 ] is a female having problems in 
relation to a second mandibular molar associ-
ated with overfi lling. Of particular interest, none 
of these claims were reported by the practitio-
ner, and all cases were obtained as a result of the 
patient’s demand for economical compensation, 
either by confronting the dentist or by legal 
actions [ 20 ]. 

   Table 15.2    The top three most frequent areas of malpractice cases/complaint cases as described in actual references   

 René and Öwall [ 2 ]  Prosthodontics 36.8 %  Formalities 13.6 %  Endodontics 12.4 % 
 Milgrom et al. [ 3 ]  Oral surgery (21.9 %)  Prosthodontics (19.5 %)  Endodontics (18.1 %) 
 Ozdemir et al. [ 4 ]  Oral surgery (45.6 %)  Prosthodontics (36.4 %)  Endodontics (18.2 %) 
 Hapcook [ 5 ]  Prosthodontics (28 %)  Endodontics (17 %)  Restorative (16 %) 
 Bjørndal and Reit [ 6 ]  Prosthodontics (30.78 %)  Endodontics (13.8 %)  Diagnostics (12.3 %) 
 Kiani and Sheikhazadi [ 7 ]  Prosthodontics (27.8 %)  Oral surgery (23.5 %)  Endodontics (16.6 %) 
 Givol et al. [ 8 ]  Prosthodontics (28.0 %)  Oral surgery (16.0 %)  Endodontics (13.8 %) 
 Pinchi et al. [ 9 ]  Implant (25 %)  Prosthodontics (24 %)  Endodontics (19.3 %) 

  Notably, prosthodontics and endodontics have been present in all reports  

L. Bjørndal et al.
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 Vertical root fracture in root-fi lled teeth is 
another challenging complication clinically as 
well as medicolegally. In-depth analysis of verti-
cal root fracture in endodontically treated teeth 
has shown that premolar and mandibular molar 
teeth are more prone to medicolegal claims. 
Moreover, a suboptimal root fi lling complicates 
the diagnosis of vertical root fracture, thus 
extending the required time for obtaining an 
accurate diagnosis and hereby increasing the 
medicolegal risk [ 21 ]. Data from the dental 
insurance appeals board in Denmark from 2008 
to 2012 has been published [ 12 ] listing the num-
ber and the reasons of all the appeals. The fre-
quency of the endodontic-related appeals 
comprises 20.2 % ( n  = 163) of all the cases 
( n  = 806). These cases were further subcatego-
rized into nerve damage, separated root canal 
instruments, root perforation, and fractured roots 
in root-fi lled teeth. Several additional endodon-
tic-related appeals are listed as  causa sequela . 
The primary pathology had progressed, and the 
actual problem is established by negligence.  

   Endodontic Surgery 

 Endodontic surgery is not one of the major 
reported claim areas, but injuries could be an 
improper fl ap design leading to gingival retraction 
or the presence of visible scar tissue. Also, altered 
nerve sensation may occur after endodontic sur-
gery. Notably, complaints about altered nerve sen-
sation happen most often in  conventional 
endodontics as opposed to surgery, whereas sur-
gery in relation to implant placement represents 
the most frequent complaints with respect to 
altered nerve sensation [ 20 ]. Other claim reasons 
for endodontic surgery could be a persistent 
pathology due to an insuffi cient retrograde root 
fi lling, or a treatment carried out on a wrong tooth.  

   The Fate of the “Complained Tooth” 

 From a medicolegal consideration, it appears that 
the gender of the clinician and the complainant as 
well as their communication in between plays an 
important role. In some reports an overrepresenta-
tion of male dentists is seen, but also an overrepre-
sentation of female complainants has been 
observed [ 6 ,  20 ]. These data support the impor-
tance of the patient-doctor communication in these 
potential malpractice cases and indicate that the 
professional communication has a gender aspect 
[ 22 – 25 ]. Qualitative interview data confi rms that a 
more patient-centered communication is found 
among female doctors [ 23 ] that might decrease the 
risk of being involved in liability claims. The so-
called frustrating patient visit [ 26 ] may continue 
when a treatment decision of the “complained 
tooth” has to be carried out. In case of a critical 
relationship between the dentist and the patient, 
irrational treatment solutions may be chosen. 

 A common solution seems to be to extract the 
“complained tooth.” Data indicate that close to 
50 % of the teeth were extracted in case of a short 
root fi lling; almost 90 % were extracted if the 
actual tooth was perforated. Finally, all teeth were 
extracted, if a separated fi le was diagnosed [ 9 ]. 
Therefore, it is important to recall the reasonable 
prognosis for both surgical and nonsurgical end-
odontic re-treatment [ 27 – 29 ], including the 
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  Fig. 15.1    Relative distribution of technical complica-
tions in endodontics (malpractice cases) based on data 
from Denmark and Italy       

 

15 Medicolegal Consideration in Endodontics: General and Surgical Aspects



172

removal of intra-canal separated instruments [ 30 ]. 
Also, the sealing of perforations in the tooth may 
be performed with a good prognosis [ 31 ]. 

 Taking the critical situation into account in 
between the complainant and the GDP, several 
teeth might be saved if conventional or surgical re-
treatment is suggested, in contrast to extraction. To 
illustrate this dilemma, four cases are presented to 
show the use of endodontic surgery, as an alterna-
tive to extraction, including lessons to be learned. 

   Endodontic Surgery Case I 

  Subject : A sustained apical pathology is observed 
in relation to a fi rst maxillary incisor. The pri-
mary dentist did not report about the overfi lling. 
 Gender : Male.  Age : 17.  Year : 1984. 

  Facts of the Case : The patient has made a 
complaint about a sustained infection in relation 
to a treated maxilla incisor (Fig.  15.2a ).

    Decision from GDP Insurance : The patient 
gets fi nancial compensation for the treatment 
needed, as the patient was not informed about the 
suboptimal overfi lling. 

  The Treatment of the Injured Teeth : The tooth 
was treated by apical surgery using a dentin- 
bonding agent and a composite resin. A 9- and 
20-year follow-up are shown (Fig.  15.2b ,  c ). 

  Lessons to Be Learned : Factors reducing the 
overfi ll include optimal measures on working 
length, such as an apex locator (combined with 
an x-ray confi rmation), including an x-ray con-
trol of the master cone before obturation.  

   Endodontic Surgery Case II 

  Subject : A furcal radiolucency is noted after a 
crown and post restoration of a mandibular molar. 
The dentist was not aware of the complication. 
 Gender : Female.  Age : 45.  Year : 1998. 

a b c

  Fig. 15.2    Preoperative x-ray of fi rst maxillary incisor 
with overfi lling ( a ). Postoperative x-ray ( b ) showing the 
application of a retrograde root fi lling (composite with a 

dentin-bonding agent). A 9-year follow-up disclosing 
complete healing ( c )       
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  Facts of the Case : A new dentist discovers a 
radiolucency in between the roots following a radio-
graphical control of the region (Fig.  15.3a ). On this 
basis the patient makes a complaint about the tooth, 
and the new dentist suggests an implant placement.

    Decision from GDP Insurance : It is decided 
that endodontic surgery is indicated. The patient 
gets fi nancial support for the treatment needed. 

  The Treatment of the Injured Teeth : Based on 
a well-documented treatment protocol [ 30 ], the 
tooth was treated by apical surgery using a 
dentin- bonded composite resin (Fig.  15.3b ,  c ). 

  Lessons to Be Learned : Knowledge about root 
morphology is essential during post preparation. 
In particular, the distal root of the mandibular 
molar may present different outlines of the root 

canals, and often they may have two orifi ces. 
Therefore, a central post preparation is critical 
and should be avoided. In fact, post should only 
be placed when essential for additional core sup-
port to avoid medicolegal risk [ 21 ].  

   Endodontic Surgery Case III 

  Subject : A fi le has separated in the mesial root 
component in a mandibular molar, and acute api-
cal periodontitis has developed (Fig.  15.4a ).

    Facts of the Case : The patient has made a com-
plaint about a sudden acute apical pathology in a 
previous root-fi lled tooth. A radiographical status 
discloses a separated instrument in the mesial root. 

a b c

  Fig. 15.3    Preoperative x-ray of fi rst mandibular molar 
with a root perforation following a post preparation. 
Furcal radiolucency is noted at the distal root ( a ). 

Postoperative x-ray after endodontic surgery using com-
posite with a dentin- bonding agent ( b ). A 1-year follow-
up shows complete healing ( c )       

a cb

  Fig. 15.4    Radiographical follow-up of fi rst mandibular 
molar with a separated fi le in the mesial root. The patient 
has acute infection following the completed root canal 

treatment ( a ). Postoperative x-ray after endodontic surgery 
using MTA ( b ). A 1-year follow-up shows developing 
healing ( c )       
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  Decision from GDP Insurance : The patient 
gets fi nancial support for the treatment needed. 

  The Treatment of the Injured Teeth : The mesial 
root was surgically treated using MTA. A 1-year 
follow-up compared to postoperative x-ray shows 
developing healing (Fig.  15.4b ,  c ). 

  Lessons to Be Learned : When overfi ll or extru-
sion of the root fi lling material occurs, the risk of 
an additive altered sensation in the mandibular is 
present. Even though overfi lling appears to be the 
least occurring root fi lling complication 
(Fig.  15.1 ), the following profi le was identifi ed in 
a retrospective analysis of patients [ 20 ]: A pri-
mary root canal treatment has been performed in 
the second mandibular molar, and in the vast 
majority of the cases, an overfi ll and altered sen-
sation are present. None of the cases were reported 
by the GDP causing the problem. As the pain 
debut often is noted within the fi rst 48 h after the 
treatment, it is very important to inform the patient 
about such a complication. Thus, in case of an 
overfi lled root canal with the described details, 
the GDP should consider early action, which may 
include referral to endodontic surgery.   

   Conclusion 

 The specifi c medicolegal consideration is a 
changing entity due to new advances within 
the understanding of the specifi c disease caus-
ing the problem, and with this follows the 
adoption of new treatment technology. The 
medicolegal consideration should always be 
fully integrated with the perception of “stan-
dard of care,” as well as an awareness of the 
patients’ and dentists’ rights. 

 Malpractice claim statistics may indicate 
where risk management and educational 
efforts can be most effectively directed to 
improve the standard of care. 

 Endodontic surgery is seemingly not the 
main cause of a malpractice case. However, 
endodontic surgery is typically involved to 
solve a complaint that has occurred in relation 
to a tooth. It is suggested that many teeth may 
be saved with a good prognosis if endodontic 
surgery is considered as opposed to extraction. 

 Taken together, the high prevalence of root 
fi llings with substandard technical quality, in 

populations in general, represents the main 
reason for a medicolegal consideration in 
endodontics.      

 An Endodontic Surgery Protocol Where an 

Apical Box Preparation Is Impossible 

 As endodontic surgery may be the last 
option (otherwise the tooth will be 
extracted), a protocol follows that may save 
numerous teeth from extraction. 

 The protocol comprises the use of a com-
posite and a dentin-bonding agent as retro-
grade root fi lling material (Case I and II). 
The protocol may be recommended for any 
case of apical surgery [ 31 ], but it is particu-
larly applicable in cases where a traditional 
cavity preparation may be diffi cult, as fol-
lowing a root perforation (Fig.  15.3 ). 

  Preparation of the Root Surfaces : The 
resected surface is made slightly concave by 
the use of a large round bur. This approach 
facilitates the precise application of the com-
posite retrograde fi lling material to the entire 
resected root surface. For preparation in con-
junction with a post perforation, a well-
defi ned zone of dentin is needed surrounding 
the perforation area (Case II, Fig.  15.3 ) 

  Hemostasis : Local anesthesia containing 
adrenaline is used. After osteotomy the bone 
cavity is cleaned with curettes and excava-
tors and followed by meticulously removal 
of all granulation tissue. A hemostatic 
sponge moisture with maximum two to four 
drops of adrenaline (1 %) is placed for 2 min. 
in the bone cavity. Additional control of 
hemorrhage is applied using needle suction. 

  Application of EDTA and a Dentin -
 Bonding Agent : When hemostasis is estab-
lished, EDTA is scrubbed on the resected 
root surface using a miniature brush soaked 
in 0.5 M EDTA (pH 7.4) for 20 s. After 
copious fl ow of saline and drying with com-
pressed air, a dentin-bonding agent Gluma 
(Gluma Desensitizer, Heraeus Kulzer 
G.m.b.H, Wehrheim, Germany) is applied 
with a miniature brush to the resected 
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 surface/root perforation area for 20 s and 
thoroughly dried with compressed air. 

  Application of Composite : The resected 
root surface/root perforation area is covered 
with a thin layer of chemically curing com-
posite resin (Retroplast™, Retroplast 
Trading, Rørvig, Denmark) by the use of a 
small excavator. After 2 min. curing, the 
unpolymerized surface layer is washed with 
96 % ethanol and then rinsed with saline. The 
procedure with ethanol is repeated twice. 
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    Introduction 

 Guided tissue regeneration (GTR) is a tech-
nique for enhancing and directing cell growth to 
repopulate specifi c parts of the periodontium 
that have been damaged by periodontal disease 
or trauma [ 51 ]. The concept of GTR technique 
in endodontic surgery is derived from that in 
periodontal regenerative therapy and has been 
shown to promote the rate of periapical wound 
healing in short-term observations [ 5 ,  55 ,  57 , 
 72 – 74 ]. 

 Application of GTR technique in endodontic 
surgery is more limited than that in periodontal 
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    Abstract  

  The concept of guided tissue regeneration (GTR) in endodontic surgery is 
derived from periodontal regenerative therapy for periodontal disease. 
Periapical tissue regeneration will occur predictably after endodontic sur-
gery if intra- and extraradicular infections are controlled by adequate 
root-end resection and complete retrograde seal of the root canal. 
Indications for GTR technique in endodontic surgery are limited and 
should be clearly recognized to prevent misuse. They include: combined 
endodontic-periodontic lesions, through-and-through bone lesions, and 
large periapical lesions almost involving the alveolar crest bone. The 
materials, such as barrier membranes and bone grafts used in GTR tech-
nique should be biocompatible and approved by the FDA. Possible pre-
surgical, intra-surgical, and post-surgical complications of GTR technique 
in endodontic surgery must be prevented to avoid failures. GTR tech-
nique in endodontic surgery could improve periapical wound healing in 
through-and through bone lesions and possibly in cases with large peri-
apical lesions.     
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regenerative therapy [ 47 ,  77 ,  83 ,  86 ]. Although 
the composition of periodontal tissues, except 
gingival, is similar to that of periapical tissues 
and contains the alveolar bone, periodontal liga-
ment (PDL), and cementum, the wound healing 
of periodontal lesions after using GTR technique 
in periodontal regenerative therapy is more 
 complex than that of periapical lesions after 
application of GTR technique in endodontic sur-
gery. Periodontal regenerative therapy is con-
stantly challenged by direct bacterial threat from 
the oral cavity. In addition, open-fl ap debride-
ment of periodontal lesions alone without using 
GTR technique is not able to achieve satisfacto-
rily periodontal regeneration [ 48 ,  49 ]. In contrast, 
periapical tissue regeneration occurs predictively 
after endodontic surgery of periapical lesions 
alone without using GTR technique if intra- and 
extraradicular infections are controlled by ade-
quate root-end resection and complete retrograde 
seal of the root canal [ 78 ]. Therefore, unlike peri-
odontal disease, GTR in endodontic surgery is 
limited. 

 Barrier membranes, bone grafts, or local 
application of exogenous growth factors/cyto-
kines has been used to help promote host’s 
wound healing potential in GTR technique in 
periodontal and endodontic therapy [ 7 ]. To pre-
vent and manage complications of GTR tech-
nique in endodontic surgery, it is necessary to 
fully understand the biology of periapical wound 
healing after endodontic surgery because evi-
dence-based information using GTR technique 
in endodontic surgery is scarce and has no con-
sensus agreement [ 77 ,  86 ]. In addition, repro-
ducible results, long- term observations, and 
well-designed clinical studies of GTR technique 
in endodontic surgery are lacking [ 83 ,  86 ]. 
Therefore, application of GTR technique in end-
odontic surgery should be carefully evaluated 
biologically prior to  discussion of prevention 
and management of complications to avoid mis-
use and unnecessary complications of GTR 
technique. It is important to emphasize that the 
size of the bony defect is not always necessarily 
an indication of GTR technique in endodontic 
surgery.  

   Size of Defect and Bone 
Wound Healing 

 It has been shown that through-and-through jaw-
bone lesions involving both buccal and lingual 
bone plates after surgery were often associated 
with incomplete healing or scar tissue formation 
in short-term animal experiments [ 16 ,  17 ,  31 , 
 62 ]. In studying the infl uence of various factors 
upon healing after endodontic surgery, it was 
found that the size of the jawbone lesions had 
only a minor importance in relation to the devel-
opment of scar tissue [ 62 ]. 

 Huh et al. [ 33 ] studied the critical size of bone 
defects in the canine and showed when the perios-
teum was removed, mandibular defects greater than 
15 mm failed to heal across the entire defect. 
However, when the periosteum was preserved, 
mandibular defects needed to be greater than 
50 mm to fail to heal. In testing the critical size of 
calvarial bone defects in mice and rats, it was sug-
gested that the critical size of bone defects in animal 
experiments had only a limited clinical applicabil-
ity and only served to standardize the research 
methodology. Therefore, the use of the term “criti-
cal-size defect” should be discontinued [ 15 ]. The 
defi nition of critical-size defect basically implies 
the smallest size of an intraosseous wound in a par-
ticular bone and species of animal that will not heal 
spontaneously during the lifetime of the animal. 
Regardless of the size of bone defect, blood clot and 
granulation tissue are able to completely fi ll the 
defects as a wound healing process. Vascularity and 
availability of osteoprogenitor cells are important in 
wound healing of large bone defects [ 12 ]. 

 Scar tissue formation is a sequel of wound 
healing process, which is not fully understood. 
It has been demonstrated that scar tissue forma-
tion could be caused by persistent infl amma-
tion, overproduction of extracellular matrix [ 89 ], 
dysregulation of apoptosis of myofi broblasts 
[ 18 ,  36 ], upregulation of TGF-β [ 37 ,  39 ,  89 ], 
 upregulation of VEGF [ 35 ,  88 ], or downregu-
lation of matrix metalloproteinase [ 46 ,  80 ,  89 ]. 
Fibroblasts stimulated by TGF-ß and cellular 
fi bronectin are capable of differentiating into 
myofi broblasts [ 64 ,  66 ]. In addition, myofi bro-
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blasts can also be differentiated from resident 
mesenchymal cells, bone marrow mesenchymal 
stem cells, and epithelial- mesenchymal transition 
[ 64 ]. When myofi broblasts complete their task 
and are no longer needed at the remodeling stage 
of wound healing, they are eliminated by apopto-
sis or programmed cell death. In normal wound 
healing, collagen production by myofi broblasts 
and collagen degradation by matrix metallopro-
teinase are in balance; therefore, there is no net 
collagen gain. Functional impairments of fi bro-
blasts/myofi broblasts might play an important 
role in pathological scarring in bone repair [ 64 ]. 

 It has been shown that large or through-and- 
through bone lesions or defects in the jawbone 
would not always result in scar tissue formation if 
barrier membrane were not used after apical sur-
gery [ 72 ]. The size of the jawbone lesions might 
be a factor [ 84 ,  85 ] but is not a mechanism of scar 
tissue formation in bone wound healing. For 
example, regardless of size of myocardial infarct, 
the myocardium is always repaired with scar tis-
sue [ 71 ]. After partial hepatectomy, the liver is 
able to regenerate [ 14 ]. Therefore, it is not the 
size of the lesion but the microenvironment (e.g., 
neighboring cells, extracellular matrix, soluble 
and insoluble bioactive molecules) and availabil-
ity of the stem/progenitor cells in the injured tis-
sue that play a crucial role in tissue regeneration 
or scar formation during wound healing.  

   Barrier Membranes 
in Endodontic Surgery 

 Many types of absorbable and bioabsorbable 
membranes have been used in dentistry [ 7 ]. 
Barrier membranes used in endodontic surgery 
are assumed to  prevent epithelial cells or fi bro-
blasts in the  mucoperiosteal fl ap from proliferat-
ing into the surgical bony crypt, thus interfering 
with new bone formation (Fig.  16.1 ).

   Can barrier membranes prevent epithelial cells 
in the mucoperiosteal fl ap from migrating into the 
surgical bony crypt? Indeed it can, but is it neces-
sary? The basal cells of epithelium attach to a layer 
of connective tissue called basement membrane 

(BM) by hemidesmosome. BM consists of basal 
lamina (laminin, type IV collagen) and reticular 
lamina (type III collagen). BM is very resistant to 
penetration by proliferating basal cells caused by 
infl ammatory or benign hyperplasia. Only malig-
nant epithelial cells, such in carcinoma, are capa-
ble of degrading basement membrane by producing 
proteolytic enzymes (matrix metalloproteinases, 
collagenase) and invade the underlying connective 
tissue [ 32 ]. Therefore, epithelial cells in the muco-
periosteal fl ap are not able to penetrate into the 
surgical bony crypt even without using barrier 
membranes after endodontic surgery. 

 It is generally believed that fi broblasts move 
faster than osteoblasts to occupy the bony crypt 
after apical surgery. Consequently, a scar tissue is 
formed in large bone defects after periapical 
wound healing [ 17 ,  56 ]. Barrier membranes are 
presumably utilized in apical surgery to prevent 
proliferation of fi broblasts from the surrounding 
tissue into the bony crypt [ 16 ,  17 ,  56 ]. Cell move-
ment is a complex biologic process and does not 
simply depend on cell mobility. Cell surface integ-
rins, extracellular matrix molecules, and gradient 
of chemokines as well as growth factors regulate 
cell movement ([ 38 ]). Fibroblast is one of the 
slow-moving cells. It has been demonstrated that 
fi broblasts move slower than keratinocytes and 
leukocytes because they apply force to bind to the 
extracellular matrix much larger than the force 
required for their movement [ 38 ]. In addition, the 
speed of cell migration depends on substratum 
ligand level, cell integrin expression level, and 

  Fig. 16.1    Surgical bone crypt covered by a barrier 
membrane       
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integrin-ligand binding affi nity [ 53 ]. For example, 
if very few extracellular matrix ligands expressing 
RGD-sequence- containing peptide are available, 
cell surface integrins cannot get a strong enough 
grip to ligands and enable them to move. If there 
are too many extracellular matrix ligands, cell sur-
face integrins bind fi rmly to ligands and get stuck 
in place [ 53 ]. Importantly, during periapical bone 
wound healing after apical surgery, the newly dif-
ferentiated osteoblasts are derived from bone mar-
row mesenchymal stem cells and osteoprogenitor 
cells lining the endosteum, which are in the bony 
crypt [ 31 ]. These osteoblasts do not have to com-
pete with fi broblasts from surrounding tissue to 
occupy the surgical bony crypt. 

 There are studies showing signifi cantly more 
new bone formation after apical surgery when bar-
rier membrane was used as compared to controls 
in short-term clinical follow-up or animal experi-
ment [ 5 ]. On the contrary, other studies have dem-
onstrated no benefi cial effect by utilizing barrier 
membrane to improve new bone formation after 
apical surgery [ 10 ,  24 ,  43 ,  72 ]. When both buccal 
and lingual bone plates of the jawbone were perfo-
rated at the time of endodontic surgery, it was dem-
onstrated that the defects were signifi cantly related 
to later development of scar tissue in a human 
study [ 62 ]. Similar fi ndings were also observed in 
clinical case studies [ 56 ,  73 ]. Histologically, it has 
been shown that fi brous connective tissue from the 
surrounding  mucoperiosteum could proliferate into 
the through-and-through bone defects artifi cially 
created in the jawbone and formed a scar tissue if 
barrier membrane was not used in short-term ani-
mal experiments [ 6 ,  16 ,  17 ,  31 ]. However, osseous 
regeneration with ingrowth of fi brous connective 
tissue was also observed in three of eight cases 
with barrier membrane at 9 weeks of animal exper-
iments [ 16 ]. The studies of Grung et al. [ 27 ], Halse 
et al. [ 29 ], and Molven et al. [ 45 ] showed that there 
was a difference in incomplete healing of bone 
lesions in periapical surgery after comparing 1- and 
4-year outcomes. The incomplete healing group 
had a tendency to reduce in size if follow-up time 
was extended. Most studies of GTR technique in 
endodontic surgery are to compare the rate of new 
bone formation during the course of wound healing 
and not to evaluate the effi cacy of bone remodeling 
between experimental and control groups. Large 

periapical lesions take a longer time to heal after 
surgical endodontic therapy if root canal infection 
is under control [ 62 ]. Therefore, a longer period 
of clinical follow-up or experimental observation 
is needed to assess the outcome of periapical bone 
wound healing when a barrier membrane is used in 
endodontic surgery. 

 An important question is: Can barrier mem-
branes in endodontic surgery completely exclude 
fi broblasts from proliferating into the bone crypt? 
Apical surgery involves not only cortical bone but 
also trabecular bone. Blood clot and granulation 
(fi brovascular) tissue formation in the bony crypt 
after apical surgery are essential components of the 
process of bone wound healing [ 20 ] and precede 
bone matrix production by osteoblasts. Fibroblasts 
in the granulation tissue in the bony crypt are from 
several sources, such as the periosteum, bone 
marrow stromal compartment, and PDL. In addi-
tion, bone marrow mesenchymal stem cells are 
capable of differentiating into fi broblasts [ 22 ,  30 ]. 
Therefore, barrier membranes might be able to pre-
vent fi broblasts in the surrounding tissue from pro-
liferating into the bony crypt but cannot exclude 
fi broblasts originating from the bone marrow and 
PDL, which are already present in the bony crypt. 

 Application of barrier membranes in through-
and- through bony crypts after endodontic sur-
gery might create a microenvironment, which is 
conducive for osteogenesis in a short-term exper-
imental observation or clinical follow-up as com-
pared to without barrier membranes. However, 
the cellular and molecular biology of wound 
healing of through-and-through bone lesions 
after endodontic surgery and scar formation is 
not fully understood. 

 Based on limited information in the literature, 
through-and-through bone defects could benefi t 
from application of GTR technique using bioab-
sorbable barrier membranes after endodontic sur-
gery to improve the rate of new bone formation in 
short-term observation [ 77 ,  83 ,  86 ]. Barrier 
membranes should be approved according to the 
Food and Drug Administration (FDA). The use 
of barrier membranes must follow  manufacturer’s 
instructions. The barrier membrane should cover 
the bone defect at least 3 mm beyond the margins 
of the defect and be stable to avoid collapse into 
the bone defect. Foreign materials such as barrier 
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membranes can easily invite infection [ 23 ,  50 ]; 
therefore, contamination should be avoided dur-
ing surgical placement of the barrier membrane.  

   Bone Grafts in Endodontic Surgery 

 Bone grafts are used as a matrix or scaffold to fi ll 
the bone defect (Fig.  16.2 ) and to improve new 
bone formation in orthopedic surgery, craniofacial 
surgery, periodontal surgery, and apical surgery 
[ 54 ]. Extracellular matrixes, such as bone grafts, 
are capable of regulating tissue-specifi c stem cell 
differentiation [ 13 ]. Autologous bone, the gold 
standard of bone grafting, provides optimal osteo-
conductive, osteoinductive, and osteogenic prop-
erties [ 25 ]. It has the capability to regenerate bone 
from bone-forming cells (bone marrow mesenchy-
mal stem cells) [ 19 ,  25 ]. However, autologous bone 
grafts have  several disadvantages, such as donor 
site morbidity [ 82 ,  84 ,  85 ], limited availability, and 
cosmetic problems [ 25 ,  54 ]. Accordingly, bone 
graft substitutes have become a popular and alter-
native choice. Bone graft substitutes can be divided 
according to their properties of osteoinduction 
and osteoconduction ( 7 ,  19 ,  54 ]). Osteoinductive 
bone grafts, for example, demineralized bone, are 
capable of supporting the  mitogenesis of adult 
mesenchymal stem cells, leading to the formation 
of osteoprogenitor cells with the capacity to form 
new bone [ 1 ,  19 ]. Osteoconductive bone grafts, 
such as calcium sulfate, are able to support the 
attachment of osteoprogenitor cells for subsequent 
bone formation [ 1 ,  19 ].

   Fibrin clot and granulation tissue are impor-
tant components of bone wound healing  process 

[ 20 ]. Bone graft substitutes must be able to keep 
fi brin clot and granulation tissue at the wound 
site; otherwise, osteoprogenitor cells might not 
be able to migrate to and survive at the wound 
site because of lack of growth  factors, chemo-
kines, collagen matrix, and angiogenesis. The 
cell surface integrins of osteoprogenitor cells 
cannot attach to the synthetic bone graft substi-
tutes (e.g., calcium sulfate, hydroxyapatite, bio-
active glass) because these graft substitutes do 
not express RGD-sequence-containing protein, 
such as collagen, fi bronectin, laminin, or osteo-
pontin [ 13 ,  69 ]. Therefore, synthetic bone graft 
substitutes have to absorb fi brin clot and allow 
ingrowth of granulation tissue to become osteo-
conductive [ 3 ,  44 ]. Bone graft substitutes might 
enhance the rate of new bone formation in bone 
wound healing. Radiographically, the problem of 
using bone graft substitutes in endodontic sur-
gery is the diffi culty of differentiating incomplete 
healing (scar tissue) from uncertain healing (no 
healing) because bone graft substitutes are radi-
opaque [ 73 ]. Bone graft substitutes alone without 
blood clot and granulation tissue formation in the 
bony crypt after endodontic surgery would not 
induce new bone formation. This is best exempli-
fi ed, for example, with dry socket after tooth 
extraction because of absence of blood clot and 
granulation tissue formation. 

 Most studies using bone graft substitutes in 
endodontic surgery are case reports or animal 
studies. Some studies demonstrated favorable 
new bone formation using bone graft substitutes 
as compared to controls in short-term observa-
tion [ 55 ,  57 ,  58 ,  63 ,  90 ]. In contrast, other studies 
showed no difference [ 4 ,  8 ,  70 ,  72 ]. Only a few 
controlled clinical trials using bone graft substi-
tutes in apical surgery are available [ 55 ,  57 ,  72 –
 74 ]. These clinical studies have a small sample 
and no standard radiographic evaluation, and 
their follow-up observation is only 1 year [ 86 ]. A 
trend of better outcome was found when GTR 
technique was used compared to control cases, 
but the results were not statistically signifi cant. 
Additional large-scale prospective clinical stud-
ies are needed to further evaluate possible bene-
fi ts of GTR techniques in endodontic surgery 
[ 77 ]. Similar to GTR technique with barrier 
membranes in endodontic surgery, the studies   Fig. 16.2    Surgical bony crypt fi lled with bone graft       
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evaluate the rate of new bone formation during 
periapical bone wound healing and not the effi -
cacy of bone remodeling. Like in orthopedic sur-
gery, prospective, randomized controlled studies 
are needed to provide reliable information regard-
ing the use of bone graft substitutes in endodontic 
surgery [ 12 ,  19 ,  34 ]. 

 The bone grafts may be used to support bar-
rier membranes from collapsing into through-
and- through or large periapical bone defects 
after endodontic surgery. The bone grafts must 
be approved according to the FDA. Preparation 
of bone grafts should follow manufacturer’s 
instruction. The ideal bone grafts should be bio-
compatible, biodegradable, osteoconductive, 
osteoinductive, and structurally similar to bone 
[ 25 ,  34 ]. They should be disease-free and contain 
minimal antigenic factors. In addition, the bone 
graft substitutes should be porous, and the pore 
size is ideally 300–500  u m with interconnection 
to allow ingrowth of granulation tissue and osteo-
progenitor cells into the three-dimensional bone 
scaffold [ 19 ,  25 ]. The rate of degradation of bone 
grafts should be closely corresponding to the rate 
of new bone formation by newly differentiated 
osteoblasts. Importantly, the bone grafts should 
be able to mimic normal process of bone forma-
tion during bone wound healing.  

   Growth/Differentiation Factors 
in Endodontic Surgery 

 Growth/differentiation factors play an important 
role in tissue wound healing [ 28 ,  87 ]. They are 
capable of signaling adult mesenchymal stem 
cells to differentiate into tissue-committed cells 
[ 79 ]. Growth factors are multifunctional and 
often have more than one target cell [ 87 ]. Most 
growth factors affect more than a single cellular 
activity, and most cellular activities are often a 
response to the summation of several growth 
factors [ 28 ,  87 ]. The biologic functions of 
growth factors might be synergistic or antago-
nistic and depend on the presence or absence of 
other factors [ 28 ,  87 ]. Many growth factors are 
involved at the same or different stages of wound 
healing. The temporal and spatial expression of 

growth/differentiation factors and their exact 
target cells during tissue wound healing is 
complex. 

 The bone growth factors or bone morphoge-
netic proteins have level 1 evidence of osteoin-
ductive properties in orthopedic surgery [ 19 ]. 
However, there are confl icting results using 
bone growth/differentiation factors in apical sur-
gery [ 9 ,  61 ]. Bone growth/differentiation factors 
might improve new bone formation in a short-
term animal experiment or clinical observation 
after  endodontic surgery. Nevertheless, long-
term experiments are required before clinical 
application can be recommended. Biologically, 
exogenous growth factors are similar to natural 
growth factors and have a promising prospect in 
endodontic surgery. However, it is not easy to 
control the release of exogenous growth factor/
factors incorporated in the carriers, such as bar-
rier membranes or bone grafts, with regard to 
time and space as well as concentration during 
periapical wound healing in endodontic 
surgery.  

   Other Clinical Conditions 
Recommended for Using GTR 
Technique in Endodontic Surgery 

 There are other clinical conditions, in which bar-
rier membranes and/or bone graft substitutes are 
recommended in endodontic surgery [ 83 ]. 
Barrier membranes are used to improve peri-
odontal tissue regeneration and avoid periodon-
tal involvement during endodontic surgery in 
combined endodontic-periodontic lesions [ 11 , 
 26 ,  52 ,  75 ] and large periapical lesions extending 
almost to the alveolar crest bone (<3 mm crest 
bone remaining) [ 60 ]. Barrier membranes and/or 
bone graft substitutes could be used in cases of 
buccal bone dehiscence to regenerate bone 
attachment in endodontic surgery [ 21 ,  59 ,  65 , 
 68 ]. In cases of large periapical lesions penetrat-
ing through both buccal and palatal cortical bone 
plates, GTR technique has been shown to 
improve outcome of bone regeneration follow-
ing surgical endodontic treatment in a systematic 
review [ 77 ].  
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   Prevention and Management 
of Complications of GTR Technique 
in Endodontic Surgery 

 Limited information is available in this area in 
the literature. Complications of GTR technique 
in endodontic surgery are rare and usually associ-
ated with complications of endodontic surgery, 
which include maxillary sinus exposure, acciden-
tal injury to neurovascular bundles emerging 
from the mental foramen or the greater palatal 
foramen resulting in paresthesia [ 40 ,  41 ], or post-
operative infection. 

 The following are possible complications of 
GTR technique in endodontic surgery:
   Presurgical complications – inappropriate patient 

and case selection, uncontrolled root canal 
infection and marginal periodontitis, bleeding 
disorders, radiation therapy of the head and 
neck [ 81 ], or long-term intravenous bisphos-
phonate therapy [ 2 ]  

  Intra-surgical complications – vertical root 
fracture  

  Postsurgical complications – untreated extra 
canal/canals, membrane exposure, and bone 
graft contamination    
 Management of complications of GTR in 

endodontic surgery is basically similar to that 
of endodontic surgery without using GTR tech-
nique. Handling of barrier membrane and/or 
bone grafts should be careful to avoid contami-
nation. Prior to GTR in endodontic surgery, root 
canal infection and marginal periodontitis should 
be eliminated; otherwise, periapical wound heal-
ing would be compromised even using GTR 
technique. Excessive bleeding, due to surgical 
trauma and not hemophilia, can be controlled by 
using various hemostatic agents, for example, 
cotton pellets soaked with 2 % lidocaine contain-
ing 1:50,000 epinephrine, before placement of 
bone graft and/or barrier membrane. However, 
it must be emphasized that blood clot formation 
is a necessary process of wound healing after 
endodontic surgery [ 20 ,  42 ]. Without blood clot 
formation, wound healing can be compromised. 
Postoperative infection, pain, or swelling can be 
managed with antibiotics or anti-infl ammatory 
analgesics.  

   Conclusion 

 GTR technique in periodontal therapy can 
produce a signifi cant improvement over con-
ventional open-fl ap debridement in regenera-
tion of the attachment apparatus because the 
outcome of open-fl ap debridement alone is 
poor due to direct challenge by oral microor-
ganisms and apical migration of junctional 
epithelium [ 48 ]. GTR technique in implant 
dentistry is able to improve the rate of new 
bone formation so that the dental implant can 
be placed as soon as possible. GTR in end-
odontic surgery is to help the host create a 
favorable environment to improve the rate of 
periapical wound healing. If intraradicular 
infection is controlled by adequate orthograde 
and retrograde fi llings, the periapical wound 
should heal satisfactorily after endodontic sur-
gery even without using GTR technique [ 67 , 
 76 ]. However, in cases of through-and-through 
periapical lesions, GTR may have a benefi cial 
effect on the outcome of periapical bone heal-
ing [ 77 ]. Scar tissue sometimes may be formed 
in the periapical area after endodontic surgery 
of large periapical lesions but is not consid-
ered a treatment failure. 

 Based on limited information in the litera-
ture, through-and-through bone lesions or 
defects of the jawbone [ 77 ] and combined 
endodontic- periodontic lesions appear to be 
able to benefi t from GTR technique to promote 
the rate of periapical wound healing after end-
odontic surgery. However, if root-end manage-
ment is inadequately performed during 
endodontic surgery, GTR technique, for exam-
ple, bone graft placement may obscure the 
destructive pathological process. This would 
lead to delayed diagnosis of the treatment fail-
ure and further compromise the long- term out-
come as well as jeopardize the success of 
future retreatment (Fig.  16.3 ,  16.4  and  16.5 ).

     GTR technique does not necessarily 
enhance the successful outcome (absence of 
signs and symptoms and resolution of apical 
periodontitis) of endodontic surgery, which 
requires elimination of intra- and/or extrara-
dicular infection [ 62 ]. Nevertheless, GTR tech-
nique in endodontic surgery appears to be able 
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a

c

b

d

  Fig. 16.4    Complication of endodontic surgery performed 
in a traditional technique using GTR. Intraoperative: 
Surgical retreatment: following fl ap elevation pathologi-
cal fenestration of cortical plate ( a ), a large bony defect 

fi lled with granulation tissue and remnants of the grafting 
material ( b ). The granulation tissue and the grafting mate-
rial were removed ( c ); the root end was surgically retreated 
using a modern technique ( d )       

  Fig. 16.3    Complication of endodontic surgery performed 
in a traditional technique using GTR. Preoperative exami-
nation: Maxillary right lateral incisor 6 months follow-
ing endodontic surgery performed using the traditional 

 technique; the patient presented with signs and symptoms 
of symptomatic apical periodontitis. The periapical bony 
lesion is masked by the radiopaque appearance of the 
bone substitute grafting material       
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to promote the rate of periapical bone healing 
in large periapical lesions eroding both buccal 
and palatal cortical bone plates. Long-term 
prospective, controlled clinical trials are 
needed to carefully evaluate the  successful out-
come, safety, effi cacy, and cost- effectiveness 
of GTR technique in endodontic surgery.     
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 prevention and management , 183  
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 scar tissue , 183  
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   Inherited coagulation disorders 

 hemophilia , 120  
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   Local anesthesia (LA) 

 bleeding 
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 vasoconstrictor , 122  
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 regional complications 

 bleeding and hematoma , 57  
 infl ammation , 57  
 insuffi cient anesthesia , 57, 58  
 middle ear problems , 56  
 needle breakage , 57–58  
 nerve injury , 56–57  
 ophthalmic manifestations , 56  
 postoperative soft-tissue injury , 58–59  
 trismus , 55–56  

 systemic complications 
 reasons for , 54  
 systemic and allergic reactions , 54  
 toxicity , 55  
 vasoconstrictors , 54, 55  

    M 
  Mandibular anesthesia , 56  
   Mandibular lingual salivary gland depression , 10  
   Maxillary local anesthesia , 56  
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 dimensions , 101  
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 management 
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 multipurpose magnifi cation device , 113–114  
 P-PRP , 109, 113  
 Schneiderian membrane , 109  
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 surgical procedure , 109–113  
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 microorganisms , 104  
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 root-end management , 108  
 3D radiographic techniques , 107–108  

   Medicolegal consideration, GDP 
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 complained tooth 
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 malpractice claim 
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 frequency , 170  
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 malpractice data , 167, 168  
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 intraoperative preventive measures , 143–144  
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 mental foramen (MF) , 142  
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 risk factors , 140–141  
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   Neurotoxicity , 56  
   Noninfectious postsurgical infl ammation (NIPSI) , 130  
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  Operative microscope (OM) , 2  
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  Pain and swelling 
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 management 
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 prevention 
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 pre-emptive analgesia , 131  
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 local anesthesia , 131  
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 root-end fi lling , 131  
 surgical technique , 130–131  

 tissue damage , 129  
   Papilla-base incision (PBI) , 132  
   Paresthesia , 138–139  
   Periapical abscess drain 
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 drainage 
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 through surgical incision , 22  
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 pulpal and periapical pathology , 20–21  
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   Periapical index (PAI) , 25–26  
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 adjacent teeth damage , 84, 85  
 conservative  vs.  large osteotomy , 82  
 lesion location , 82  
 periapical wound healing , 81  
 thermal osteonecrosis, drilling 

 BMD , 84  
 cooling , 83  
 emphysema , 83–84  
 heat-induced cortical bone necrosis , 83  
 micro damage , 84  
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 osteocytic degeneration , 83  
 ultrasonic osteotomy , 84  

   Periapical (PA) radiography , 140  
   Periapical wound healing , 81  
   Platelet disorders , 119  
   Pocket cysts , 30  
   Pre-emptive analgesia , 131  
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 bleeding and hematoma , 57  
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 insuffi cient anesthesia , 57, 58  
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 needle breakage , 57–58  
 nerve injury , 56–57  
 ophthalmic manifestations , 56  
 postoperative soft-tissue injury , 58–59  
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   Traditional endodontic surgery (TES) 
 success rates , 40, 45  
 technical differences and implications , 44  
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