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v

 What began as a link between intravenous bisphosphonates in cancer patients 
and osteonecrosis of the jaw has greatly expanded to a defi nitive causation 
from two intravenous bisphosphonates as well as several oral bisphospho-
nates for osteoporosis patients and a RANK ligand inhibitor for either cancer 
patients or osteoporosis patients. Furthermore, the route of administration for 
the RANK ligand inhibitors is subcutaneous rather than intravenous or oral. 
Adding to the complexity of jaw osteonecrosis are more rare reports from 
drugs which inhibit the vascular endothelial growth factor and others which 
inhibit certain tyrosine kinase receptors as their main mechanism of action. 

 The textbook  Medication - Related Osteonecrosis of the Jaws : 
 Bisphosphonates ,  Denosumab ,  and New Agents  by Sven Otto explores the 
science, pharmacodynamics, diagnosis, and treatment options in a complete 
and comprehensive manner. Each chapter contains extensive evidence-based 
as well as experience-based data designed to help the reader fully understand 
the nuances of this complex and interesting disease as well as how it can be 
managed and many times resolved. 

 Sven Otto himself has been one of the pioneers and leaders internationally 
that brought to clinicians a clearer understanding of this complex pathophysi-
ology. Together with the experience and expertise of each chapter author, this 
text becomes a required read and one that serves as a reference that helps 
everyone in the treatment of osteonecrosis of the jaw. 

 As a recognized disease entity in the published literature, osteonecrosis of 
the jaw was unheard of prior to 2003. In just a few years, it has become a 
condition seen in nearly every dental offi ce throughout the world. While this 
book thoroughly prepares the reader related to the current drugs causing 
osteonecrosis of the jaw, new targeted drugs are coming to the marketplace 
with similar and profound effects on normal cellular functions. Only the 
naïve would think we have seen the last of jaw osteonecrosis.  

     FL ,  USA     Robert     E.     Marx  ,   DDS              

   Foreword   
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        Introduction 

 Bone fulfi ls two mechanical tasks: weight bearing 
and fl exibility at the lowest possible weight. This is 
accomplished by the combination of an elastic 
matrix for fl exibility hardened by the deposition of 
calcium and phosphate which gives bone its rigid-
ity, while the highly developed architecture contrib-

utes to both. The macroscopic skeleton consists of 
two major components: compact or cortical bone 
and the cancellous or spongy bone [ 1 ] (Fig.  1.1 ).

   Modeling is continuous during skeletal devel-
opment, then it is greatly reduced and ceases 
completely after skeletal maturity, while remod-
eling takes place throughout life. Modeling 
results in changes in the shape and size of the 
bone, while remodeling maintains but usually 
does not change size and shape. It is carried out 
by two major bone cells: the osteoclasts which 
resorb the bone and the osteoblasts which form 
the bone [ 1 ]. Characteristic of active osteoclasts 
are their “ruffl ed borders” which lie directly on 
the surface of the bone. Howship’s lacunae are 
formed as the osteoclasts carve out the bone [ 1 ]. 
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  1      Pharmacological Aspects 
of Antiresorptive Drugs: 
Bisphosphonates and Denosumab 

                 Reiner     Bartl     and     Emmo     von     Tresckow    

    Abstract  

  Bisphosphonates and denosumab are the most widely used classes of anti-
resorptive osteotrop drugs worldwide. They are used to treat a variety of 
bone disorders including osteoporosis, metastatic bone disease and hyper-
calcemia of malignancy. Bisphosphonates are administered either orally or 
intravenously, while denosumab is injected subcutaneously. While bisphos-
phonates are not metabolized and have a strong affi nity to the bone and a 
very long half-life in the bone (months–years), denosumab is an antibody 
which is metabolized, not specifi cally stored, in the bone and has a short 
half- life (weeks). Both substance classes have strong inhibitory effects 
towards bone resorption and are therefore used for the treatment of osteopo-
rosis and metastatic bone disease as well as other bone disorders with great 
success. Generally, bisphosphonates and denosumab are well tolerated and 
have few side effects. However, both substance classes of osteotrop antire-
sorptives have one side effect in common, namely, osteonecrosis of the jaw.  
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Osteoblasts form an epithelial-like lining at the 
surface of the bone and are connected by gap 
junctions. They synthesize osteoid and the 
organic bone matrix and are responsible for its 
mineralization. When osteoblasts are embedded 
in the bone matrix, they become osteocytes. 
Osteocytes are essential for survival of the bone; 
if defi cient osteocytes are not replaced, the 
involved bone cannot be maintained and a 
sequestrum is formed, rejected, and removed [ 1 ]. 

 Hyperactive, abnormally activated osteoclasts 
are characterized by a higher resorptive capacity 
and therefore a high destructive potential, so that 
numerous osteoblasts need months to repair an 
osteolytic lesion accomplished by a few osteo-
clasts in a week [ 1 ]. Deregulation of osteoclasts is 
the main cause of nearly all osteopathies such as 

osteoporosis (systemic) or osteolysis (local), 
potentially accompanied by spontaneous frac-
tures and hypercalcemia. Therefore, antiresorp-
tive drugs such as bisphosphonates and denosumab 
which effectively reduce osteoclastic activity are 
of major clinical importance in the treatment of a 
variety of bone disorders especially osteoporosis 
and metastatic bone disease [ 1 ].  

    Bisphosphonates 

    Historical Review 

    The bisphosphonates constitute a group of phar-
macological agents fi rst synthesized in the 1880s 
but developed over the past 40 years for diagnosis 

a b

  Fig. 1.1    ( a ,  b ) Normal trabecular bone. ( a ) Cut surface 
of a bone biopsy showing trabecular network and intertra-
becular spaces. Note the honeycomb-like arrangement of 
the interconnected horizontal and vertical trabeculae and 
the nodes connecting them. The density of these “nodes” 

ensures mechanical strength. ( b ) Trabecula consisting of 
parallel layers of collagen fi brils. These lamellae ensure 
fl exibility of bone (Reprinted with kind permission of 
Springer Business and Media from [ 1 ])       
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and treatment of disorders of the bone and anom-
alies of calcium metabolism. The fundamental 
research carried out by H. Fleisch in the 1960s 
laid the ground work for the rapid development 
of the bisphosphonates in medicine [ 1 – 3 ]. 

  The starting point was provided by the natural 
pyrophosphates which have a central P-O-P bind-
ing . Pyrophosphate was widely employed in indus-
try due to its ability to dissolve calcium carbonate. 
Consequently, pyrophosphates were used in wash-
ing powders and other soapy solutions to inhibit 
scale formation. Interestingly, today they are also 
used worldwide in toothpaste to prevent and to 
reduce plaque formation. Due to its strong affi nity 
for calcium phosphate and therefore for bone, 
pyrophosphate can be bound to 99mTc and utilized 
for scintigraphy of the skeleton (bone scans) [ 1 ]. 

 Moreover, in vivo studies demonstrated an 
inhibitory effect of pyrophosphates on calcifi ca-
tion. Various forms of ectopic calcifi cation could 
be effectively avoided by parental, but not by 
oral, administration. However, there was no infl u-
ence on osteoclastic resorption due to enzymatic 
splitting of pyrophosphate when taken orally 
(half-life of only 16 min) [ 1 ]. 

 The bisphosphonates were then discovered 
during the search for analogues of pyrophosphate. 
They have similar physical and chemical effects 
but are resistant to enzymatic splitting and to met-
abolic breakdown.  This is because, in contrast to 
the P-O-P binding of pyrophosphate, the P-C-P 
binding of the bisphosphonates is stable and above 
all cannot be broken down enzymatically so that 
their activity is retained. This switch of the binding 
from P-O-P to P-C-P represented a genuine break-
through which enabled the development of the 
potent bisphosphonates which are now in use for 
therapy of disorders of bone all over the world  [ 1 ]. 

 The fi rst medical application of a bisphospho-
nate was published in the Lancet in 1969.  
A 16-month-old baby, diagnosed as having pro-
gressive myositis ossifi cans, was successfully 
treated with oral etidronate to inhibit the extraos-
seous calcifi cation [ 2 ]. 

 Subsequently, H. Fleisch and co-workers dem-
onstrated, by means of animal experiments, that 
bisphosphonates inhibit osteoclastic bone  resorption 
and thereby achieve a positive calcium balance. 

The rapid advances in the diagnosis and therapy of 
the osteopathies is thus closely bound up with the 
history of the bisphosphonates [ 1 ,  3 – 5 ]. 

 During the past 30 years, new, more potent 
bisphosphonates have been developed. These have 
now been extensively applied in medicine, particu-
larly in the fi elds of osteology, orthopedics, surgery, 
as well as in hematology, and particularly in oncol-
ogy.  All osteopathies characterized by excess  ( abso-
lute or relative )  of osteoclastic activity are now 
treated with bisphosphonates and more recently 
denosumab, and it should be noted that this com-
prises about 90 % of all disorders of the bone  [ 1 ]. 
Bisphosphonates are now the major drugs used in 
the treatment of postmenopausal osteoporosis and 
represent the fi rst-line therapy in the majority of 
patients. The latest applications of bisphosphonates 
include their administration for prevention of osse-
ous metastases (administered during adjuvant che-
motherapy), for alleviation of bone pain, and for 
their modulation of the immune and stromal sys-
tems in the bone marrow and the bone [ 1 ].  

    Chemistry 

 Bisphosphonates are analogues of pyrophosphates 
which occur physiologically and in which the oxy-
gen atom of the central P-O-P structure has been 
replaced by carbon, resulting in a P-C-P group 
(see Fig.  1.2 ), and this exchange has made them 
resistant to heat and enzymatic hydrolysis. These 
bisphosphonates exert strong effects on bone. 
Further substitutions have enabled synthesis of a 
series of biologically active bisphosphonates, each 
of which has its own characteristic potential activ-
ity and effect on bone. Therefore, every bisphos-
phonate has to be evaluated individually [ 1 ].

O− O− O− O−

O−O−O−O−

O OP P P PCO O O

R2

R1

Pyrophosphate Geminal bisphosphonate

  Fig. 1.2    Chemical structure of pyrophosphate and of 
bisphosphonates (Reprinted with kind permission of 
Springer Business and Media from [ 1 ])       
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    For practical purposes, the bisphosphonates 
are subdivided into chemical groups according to 
the alphabetic order of the side chains: 
•    Bisphosphonates without nitrogen substitu-

tion: etidronate and clodronate  
•   Aminobisphosphonates: pamidronate and 

alendronate  
•   Aminobisphosphonates with substitution of 

the nitrogen atom: ibandronate  
•   Bisphosphonates with basic heterocycles con-

taining nitrogen: risedronate, pyridine-ring, 
and zoledronate, imidazole-ring    
  The bisphosphonates used to be given in 

grams, now only milligrams, are given because of 
their greatly increased potency  [ 1 ].  

    Pharmacodynamics 

 The bisphosphonates are poorly absorbed when 
taken orally, but this is compensated for by their 
greatly increased potency  – even 1 % of a given 
dose is effective!  They are distributed in the body 
via the blood stream, stored in the bones, and 
excreted unchanged by the kidneys. Interactions 
with other pharmaceutical agents have not been 
observed. Four compartments of bisphosphonate 
distribution are distinguished; these determine 
their pharmacodynamics (Fig.  1.3 ): the gastroin-
testinal tract, blood, bone, and kidneys [ 1 ].

       Administration and Absorption 

 Bisphosphonates may be taken orally as tablets 
or given intravenously as infusions (Fig.  1.3 ). 
The intestinal absorption of modern bisphospho-
nates is minimal to low. It varies from <1 to 3 %. 
However, as mentioned above, these doses are 
effective [ 1 ]. 

 Two characteristics of bisphosphonates are 
responsible for their poor absorption: their low 
affi nity for lipids, which hinders transport 
through membranes and into the cell, and their 
polarity, their negative charge, which prevents 
paracellular transport. Bisphosphonate absorp-
tion is further decreased when ingested together 
with food, especially food rich in calcium, such 

as milk and milk products because bisphospho-
nates form insoluble chelates with the calcium in 
these products [ 1 ].  

    Distribution Half-Life 

 Bisphosphonates are bound to albumin in the 
blood. There are big differences in the strength of 
the albumin bonds (from 22 % for zoledronate to 
87 % for ibandronate) and therefore in the time it 
takes for the bisphosphonates to be eliminated 
from the plasma. The half-life of zoledronate in 
the plasma is only 1–2 h, while that of ibandro-
nate is 10–16 h. But the half-life in the bone is 
much longer [ 1 ]. 

 Bisphosphonates from the plasma are actively 
bound to the surface of the bones, especially in 
the resorption lacunae where they are attached to 
calcium (Fig.  1.4a, b ).  The amount of deposition 
depends on the extent of resorption surface of 
bone available  [ 1 ].

       Affi nity to Bone 

 By binding to hydroxyapatite, bisphosphonates 
accumulate at sites of bone resorption and are 
selectively internalized by actively resorbing 
osteoclasts.  The different bisphosphonates have 
different affi nities for hydroxyapatite crystals . 

  These differences in binding affi nities and 
effects on mineral surface properties are likely to 
be refl ected in the clinical differences among 
these bisphosphonates: uptake and retention on 
the skeleton, diffusion of the drug within the 
bone, release of absorbed drug from the bone, 
potential recycling of the desorbed drug back 
onto bone surface, effects on mineral dynamics, 
and effects on bone cellular function  [ 1 ].  

    Uptake and Desorption 
of Bisphosphonates 

 Few studies have addressed the question of how 
bisphosphonates actually enter the cell. Since no 
specifi c transport mechanisms have yet been 

R. Bartl and E. von Tresckow
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Oral biphosphonate 100 %

= Bisphosphonate

Bone<1 %

0.4 % 0.6 %

Blood

Renal tubular cell Osteoclast

Four compartments
of bisphosphonates

Kidney

99 % excretion

Gastro-intestinal
system

Intestinal epithelium

  Fig. 1.3    Diagrammatic representation of the four compartments of bisphosphonate absorption and excretion: the gas-
trointestinal tract, blood, bone, and kidney (Reprinted with kind permission of Springer Business and Media from [ 1 ])       
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 elucidated, the assumption has been made that 
bisphosphonates are taken up from the surround-
ing fl uid by nonspecifi c pino- and endocytosis. 

Bisphosphonates have been demonstrated in the 
cytoplasm, in mitochondria, and in other organ-
elles within the cytoplasm of the osteoclasts. 

Bisphosphonate molecule

Endosteal layerEndosteal layer

Calcium atom

Bone

Bone

Resorption bay

a

b

  Fig. 1.4    ( a ) Molecular 
structure of bisphospho-
nates: they are stable 
analogs of pyrophosphate 
with a central P-C-P binding 
instead of the P-O-P. The 
various bisphosphonates are 
distinguished one from 
another by the ligands R1 
and R2. The bisphospho-
nates depicted here as small 
tongs are deposited on the 
surface of the bone in the 
resorption lacunae. Here, 
they are taken up by 
osteoclasts or incorporated 
into the bone by osteoblasts. 
( b ) Deposition of bisphos-
phonate ( red ) on bone in a 
resorption lacuna and in the 
cytoplasm of an osteoclast 
visualized by means of an 
antibody to ibandronate, in 
sections of a plastic 
embedded undecalcifi ed 
iliac crest biopsy taken from 
a patient 2 days after 6 mg 
ibandronate IV (Reprinted 
with kind permission of 
Springer Business and 
Media from [ 1 ])       
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Relatively speaking, macrophages, a cell line to 
which osteoclasts belong, are also active in their 
uptake.  However, the concentration of bisphos-
phonates in extraosseous cells is very low, which 
explains the lack of toxicity and the paucity of 
side effects in these tissues  [ 1 ]. 

 Twenty to fi fty percent of the bisphospho-
nate in the plasma is deposited on the bone 
and the rest is eliminated by the kidneys into 
the urine. There are considerable differences 
between the various bisphosphonates with 
respect to their elimination. Bisphosphonates 
exhibit a very strong affi nity for hydroxyapa-
tite crystals which are avid bisphosphonate 
grabbers, and this “binding” process is strictly 
pH-dependent, so that when, during active 
resorption, the interface between osteoclasts 
and bone becomes strongly acidic, the previ-
ously bound bisphosphonate is released from 
its binding to calcium. In contrast to the blood 
(half-life of 1–15 h), the half-life on the surface 
of the bone varies from 150 to 200 h; but once 
inside the bone, and after the resorption cavity 
has been fi lled by the osteoblasts, the bisphos-
phonates remain attached even for years [ 1 ,  6 ]. 

 Skeletal retention varies with the different 
bisphosphonates and a major factor in retention 
is the rate of bone turnover and the amount of 
bone surface available [ 7 ]. This retention in bone 
is similar to that of substances such as tetracy-
clines, fl uoride, and strontium. The prolonged 
surface attachment of bisphosphonates explains 
their extended duration of action. The earliest 
pharmacological effect is manifest 24 h after 
administration [ 1 ]. 

 While some will enter the circulation and will 
appear in the urine, it is not known whether and 
to what extent the released bisphosphonate will 
be active for the suppression of bone resorption. 
In all studies with alendronate, risedronate, and 
pamidronate, cessation of bisphosphonate treat-
ment given for 2–7 years was not associated with 
a rebound increase in bone turnover and rapid 
bone loss, as it occurs after stopping hormone 
therapy.  These results support the hypothesis 
that some of the embedded bisphosphonate that 
is released later is active again at the bone sur-
face  [ 1 ,  8 ].  

    Elimination of Bisphosphonates 

 Bisphosphonates are eliminated without prior 
metabolism via the kidneys. This renal clearance 
of bisphosphonates is accomplished by glomeru-
lar fi ltration as well as active tubular excretion. 
Bisphosphonates are passively bourne by the 
blood stream to the kidneys; the quantity depends 
on the concentration gradient of the bisphospho-
nate in the blood. Bisphosphonates released from 
the surface of the bone (T½ 150–200 h) also reach 
the kidneys by way of the blood stream and are 
actively eliminated by the proximal tubules [ 1 ]. 

 Consequently, excretion of bisphosphonates 
given by intravenous infusion is multiphasic – a 
fast biphasic elimination  from the blood stream, 
followed by a lengthier phase with a fi nal elimi-
nation half-life of several days. Even after admin-
istration of a number of doses, accumulation in 
the plasma does not occur  [ 1 ]. 

  About half of the amount of bisphosphonate 
given at any time is excreted unchanged by the 
kidneys within 24 h. The half-life time of the 
bisphosphonates in renal tissue is very variable. 
It is clear that these differences are responsible 
for differences in toxicity to the kidney, particu-
larly if and when administration is repeated. 
Therefore, when dealing with patients with 
impaired renal function, precautionary measures 
have to be applied  [ 1 ].  

    Actions of Bisphosphonates 

  Clinically, bisphosphonates act almost exclu-
sively on bone as outlined above. The mecha-
nisms of action of the bisphosphonates  include 
the following: 

  The most important therapeutic action of 
bisphosphonates is inhibition of bone resorption, 
which commences within 1–2 days after adminis-
tration, regardless of the route and frequency of 
administration. The total amount given determines 
the overall effect . The reduction in bone resorption 
is accompanied by a positive calcium balance 
(Fig.  1.5 ). The target cells are osteoclasts and their 
precursors. At the biochemical level, bisphospho-
nates interfere with the mevalonate pathway by 
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inhibiting formation of the lipid chains of prenyl-
ated proteins and thus also with metabolism of ste-
roids. Bisphosphonates inhibit the formation of 
lipid chains of prenylated proteins. While statins 
effect the synthesis of mevalonic acid by inhibition 
of HMG-CoA-reductase, the bisphosphonates 
interfere with the earlier phases of prenylation and 
of steroid synthesis [ 1 ] (Fig.  1.5 ).

   The following steps in the process of meva-
lonic acid synthesis are clinically relevant and are 
targets of the bisphosphonates:
    1.     The fi rst-generation bisphosphonates  (non-

nitrogen- containing bisphosphonates) – 
together with adenosine monophosphate, 
they form an ATP analogue which cannot be 
hydrolyzed and thereby withholds the energy 
required for the synthesis of isopentenyl 
pyrophosphate.   

   2.     The second-generation bisphosphonates  
(nitrogen-containing) – these prevent the enzy-
matic switch of Dimethylallyl pyrophosphate 
to geranyl pyrophosphate.   

   3.     The third-generation bisphosphonates  
(nitrogen- containing) – these additionally 
block the next step in the enzymatic reaction, 
i.e., conversion of geranyl pyrophosphate to 
farnesyl pyrophosphate or to geranylgeranyl 
pyrophosphate [ 1 ].     
 Consequently, the cells become inactive, lose 

their membrane-specifi c properties, and eventu-
ally induce programmed cell death, i.e., apoptosis 
(Fig.  1.6a, b ). Initially, this blockage takes place 
in the osteoclasts, due to their uptake of bisphos-
phonates from the osseous surface. Within osteo-
clasts, bisphosphonates cause many changes that 
affect their ability to resorb bone, such as loss of 
the ruffl ed border, disruption of the cytoskeleton, 
and inability to migrate or bind to bone [ 9 ]. 
Because of the inhibitory effect of nitrogen- 
containing bisphosphonates, there is an increase 
in the concentration of IPP, which in turn results 

in the formation of  isopentenyl ATP  by means of 
its reaction with AMP.  This combination triggers 
the excretion of caspases and thereby programmed 
cell death, i.e., apoptosis . It should be stressed 
that the same process occurs in all cells in which 
bisphosphonates accumulate and it is responsible 
for the (desired) effects as well as the (unwanted) 
side effects of the bisphosphonates. Nowadays, 
mainly containing bisphosphonates (second and 
third generation) are widely used in clinical prac-
tice. Their activity is strongly dependent on local 
pH values.    In acidic milieus nitrogen-containing 
bisphosphonates are released and activated and 
exert their therapeutical effects as well as their 
side effects (Fig.  1.7 ) [ 1 ].

     In summary, inhibition of osteoclastic resorp-
tion is accomplished by means of three different 
mechanisms corresponding to the three genera-
tions of bisphosphonates  (Fig.  1.5 ) [ 1 ] .  

    Direct Effects on Osteoclasts 
•     Reduction of osteoclastic activity: As soon as 

the bisphosphonates have entered the osteo-
clasts, their cellular activity decreases. 
Structural alterations of the cytoskeleton can 
be seen on electron microscopy. Microtubules 
are depolymerized and the “ruffl ed mem-
brane” is retracted. The levels of products of 
bone resorption in the serum such as CTX 
(C-terminal polypeptide) are reduced, and the 
serum calcium concentration is lowered [ 1 ]. 
 Bisphosphonates inhibit osteoclast adhesion. 
The layer of bisphosphonates on the surface of 
bone prevents attachment of osteoclasts and 
thereby development of the appropriate acidic 
environment essential for resorption. 
Furthermore, there is a decreasing number of 
osteoclasts because bisphosphonates inhibit 
the proliferation of macrophages that are 
recruited and undergo fusion to become osteo-
clasts. Bisphosphonates induce osteoclast 
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  Fig. 1.5    Cellular and 
biochemical mecha-
nisms of action of the 
nitrogen-containing 
bisphosphonates:  Left : 
Layer of bisphosphonate 
( red dots ) on bone 
beneath osteoclasts in 
resorption lacunae. The 
bisphosphonates are 
taken up by the 
osteoclasts which leads 
to their inactivation and 
retraction of the ruffl ed 
membrane. Higher 
doses lead to increased 
apoptosis of the 
osteoclasts.  Right : 
Biosynthetic pathway 
for sterols and 
isoprenoids, which takes 
place in the  cytoplasm 
of the osteoclasts. Steps 
of inhibition by statins 
and bisphosphonates. 
 HMG Co-A  3-hdroxy-
3-methylglutaryl-Co-A, 
 PP  pyrophosphate.  1 ,  2 , 
and  3  shows the 
different generations of 
bisphosphonates each 
with its own specifi c 
targets. Effects of the 
2nd and 3rd generation 
lead to an accumulation 
of isopentenyl-PP, which 
in turn stimulates the 
acute phase reaction. 
However, this may be 
reduced by previous 
administration of 
clodronate (Reprinted 
with kind permission of 
Springer Business and 
Media from [ 1 ])       
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( b ) Bisphosphonates inhibit 
the production of membrane 
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causing its inactivation and 
apoptosis (Reprinted with 
kind permission of Springer 
Business and Media from [ 1 ])       
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apoptosis, which is premature cell death. This 
leads to a reduction in osteoclast numbers [ 1 ].  

•   To summarize: the bisphosphonates inhibit 
lipopolysaccharide and parathyroid hormone- 
induced osteoclast differentiation, fusion, 
attachment, and actin-ring formation and acti-
vation, in simple terms, the whole process of 
resorption of bone [ 1 ,  10 ].     

    Effects on Osteoblasts and Osteocytes 
  It was recently shown that low concentrations of 
bisphosphonates stimulate osteoblasts to produce 
a factor which  inhibits osteoclast recruitment and 
activation (Fig.  1.6a ).  Bisphosphonates stimulate 
proliferation and osteogenic differentiation of bone 
marrow stromal cells and thus  promote osteoblastic 

bone formation  [ 11 ] (Fig.  1.6b ). Few studies have 
dealt with the infl uence of bisphosphonates on osteo-
cytes. However, high concentrations in solutions 
have inhibitory effects towards osteoblasts and osteo-
cytes [ 1 ].  

    Effects on Immune System 
 Some bisphosphonates stimulate cytokine pro-
duction by macrophages and other immunocom-
petent cells. There is also a signifi cant decrease 
in the number of circulating lymphocytes, espe-
cially natural killer cells and T lymphocytes both 
CD4- and CD8-positive. This decrease is probably 
caused by an increase in acute-phase reactants 
such as C-reactive protein, IL-6, and TNFα. In 
contrast, ibandronate stimulates a moderate 

Z
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increase in lymphocytes within 10 h, whereas 
clodronate has no apparent effect [ 1 ].  

    Antiangiogenic Effects 
 Both in vivo and in vitro studies have demonstrated 
the qualitative and quantitative antiangiogenic 
actions of bisphosphonates in high concentrations. 
The mechanism of endothelial cell inhibition pre-
sumably includes downregulation of integrins and 
laminin receptors. Possibly negative actions on 
vascular endothelial growth factors (VEGFs) are 
also involved.  Enrichment on the bone surface and 
combinations with chemotherapeutic agents such 
as the taxanes increase the antiangiogenic action 
of bisphosphonates  [ 1 ].  

    Effects on Tumor Cells 
 Bisphosphonates appear to slow down the rate of 
tumor growth by inhibiting intracellular signal trans-
duction, which stimulates apoptosis, i.e., an antipro-
liferative effect. This apoptotic effect of pamidronate 
has been demonstrated in human myeloma cells. 
There are indications that bisphosphonates interfere 
with the establishment of osseous and probably also 
visceral metastases [ 12 ]. Recent in vitro studies have 
highlighted the direct toxic effect of the modern 
bisphosphonates on tumor cells leading to their 
apoptosis [ 13 ]. They also prevent cancer adhesion to 
bone by their inhibitory effect on protein prenylation 
[ 14 ]. In addition, as shown in these experiments, 
bisphosphonates together with standard chemother-
apeutic agents induced a greater degree of toxicity 
and apoptosis of tumor cells than that achieved by 
chemotherapy alone [ 1 ].  

    Side Effects 
  The bisphosphonates are well tolerated. Their 
side effects are few and dependent on the route of 
administration . Mild gastrointestinal side effects 
may occur when bisphosphonates are taken 
orally. These include diarrhea, nausea, bloating, 
gastric pain, and other uncharacteristic abdomi-
nal complaints, which had previously been 
reported in 2–10 % of patients [ 1 ]. 

 In case of intravenous administration, mild to 
moderate acute-phase reactions in 20–40 % of all 
patients experience fever and lymphocytopenia as 
well as a rise in C-reactive protein, in IL-6, and in 

TNFα especially after the fi rst infusion of a 
 nitrogen-containing bisphosphonate. These patients 
experience fl u-like symptoms such as headache, 
bone and joint pains, and fatigue. Normally, these 
circumstances are self-limiting. Symptomatic ther-
apy can be given but is rarely required [ 1 ]. 

 Furthermore, impairment of renal function can 
occur after intravenous administration especially 
after rapid intravenous infusion of nitrogen- 
containing bisphosphonates. Normally, the impair-
ment of renal function is transitory. However, 
permanent renal insuffi ciency has been described 
in rare cases. Therefore, renal function (creatinine 
clearance) should be measured prior to intrave-
nous administration of bisphosphonates. Due to 
the inhibition of osteoclast function, hypocalcemia 
can occur. Interestingly, especially after long-term 
treatment with bisphosphonates, atypical fractures 
of the femur have occurred. The exact etiology is 
under intensive investigation [ 1 ]. 

 Other side effects of bisphosphonate treatment 
are extremely rare. They include ocular side effects 
(conjunctivitis, scleritis, episcleritis, and uveitis   ) 
[ 15 ]. In extremely rare cases, visual, olfactory, and 
auditory hallucinations have also been reported 
after therapy with pamidronate [ 1 ,  16 ].  

    Osteomyelitis/Osteonecrosis 
of the Jaw Bones  
 In 2003, the fi rst scientifi c publications dealing 
with a side effect of bisphosphonates in the jaw 
bone were reported [ 17 – 19 ]. Ever since, this so- 
called bisphosphonate-related osteonecrosis of the 
jaw (BRONJ) has become a well-known and 
severe side effect which predominantly occurs in 
patients who received intravenous administrations 
of nitrogen-containing bisphosphonates due to 
malignant underlying disease [ 20 – 22 ]. The epide-
miology, clinical and radiological presentation, 
and surgical and nonsurgical treatment concepts 
are discussed in detail in the following chapters.   

    Effects of Cessation 
of Bisphosphonate Therapy 

 Within 2–4 months of stopping therapy with 
bisphosphonates, indices of bone turnover begin 
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to increase – a negative bone balance, that is, 
bone loss, becomes evident 1–2 years later. These 
considerations might play a role with regard to 
potential drug holidays prior to dentoalveolar 
surgery in patients under bisphosphonate treat-
ment. However, there is no valid data available 
whether or not and how long an appropriate drug 
holiday should be prior to dentoalveolar surgeries 
in patients with bisphosphonates [ 1 ].   

    The RANK/RANKL/Osteoprotegerin 
System 

  The RANK/RANKL/Osteoprotegerin cytokine 
system plays a key role in the regulation of and in 
“coupling” within the processes of remodeling . 
Osteoprotegerin is an important member of the 
tumor-necrosis factor-receptor family which is 
produced by osteoblasts and which blocks the 
differentiation of osteoclasts from their precursor 
cells and thus inhibits resorption of bone. 
RANKL (receptor activator of NF-kb ligand) and 
its receptors RANK and osteoprotegerin (OPG) 

are the key components of the regulation of 
remodeling units. RANKL, a member of the TNF 
family, is the main stimulus for osteoclast matu-
ration and is essential for osteoclast survival.  The 
elucidation of the RANK/RANKL/osteoprotegerin 
system constitutes a breakthrough for under-
standing the processes of local remodeling  
(Fig.  1.8 ) [ 1 ] . 

   Thus, an increase in the expression of RANKL 
leads directly to increased resorption and loss of 
bone. RANKL is also produced by osteoblastic 
cells and by activated T lymphocytes. Its specifi c 
receptor RANK is located on the surface mem-
branes of osteoclasts, dendritic cells, smooth mus-
cle cells, and endothelial cells. The production of 
RANKL by T lymphocytes and the consequent 
activation of dendritic cells represent a connection 
between the immune system and bone tissues. 

 The effect of RANKL is regulated by 
OPG. This is secreted in various organs, includ-
ing the bone, skin, liver, stomach, intestine, 
lungs, kidneys, and placenta, and acts as a soluble 
endogenous receptor antagonist. Numerous cyto-
kines, hormones, and drugs may stimulate or 
inhibit the effects of RANKL or of OPG [ 1 ]. 
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  Fig. 1.8    The OPG/RANK/RANKL system and its control of bone resorption (Reprinted with kind permission of 
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 Denosumab, a human monoclonal antibody to 
RANKL, was developed to block the binding of 
RANKL to RANK. By this way, differentiation 
and activity of osteoclasts are inhibited and bone 
resorption is decreased [ 23 ]. Denosumab is admin-
istrated subcutaneously and used for the manage-
ment of osteoporosis (60 mg every 6 months) as 
well as metastatic bone disease (120 mg every 
4 weeks) [ 23 ,  24 ]. Denosumab is cleared by the 
reticuloendothelial system (half- life 26d), subse-
quently not interfering with renal function [ 25 ]. 

 The effective inhibition of osteoclastic activity 
by denosumab needs a careful control of the cal-
cium level as serious hypocalcemia can occur. On 
the other hand, therapies with high doses should 
be slowly reduced, as cessation may result in a 
rebound with hypercalcemia. 

 The interference of denosumab with the “cou-
pling” between osteoclasts and osteoblasts espe-
cially under high dosages may lead to a disbalance in 
remodeling of the bone. This could explain the simi-
lar rates of jaw bone necrosis of patients receiving 
denosumab or zoledronate [ 26 ,  27 ]. As described 
above, the RANK/RANKL/OPG system does not 
only interfere with bone  remodeling, but also with 
the immune system and may therefore cause immu-
nomodulatory effects resulting in atypical infections 
and which may be involved in tumorigenesis [ 28 ].  

    Conclusions 

 Bisphosphonates and denosumab are potent 
inhibitors of bone resorption which are rou-
tinely and successfully used in the treatment 
of bone disorders especially osteoporosis and 
metastatic bone disease (Table  1.1 ).    

    Ackowledgements:   This chapter contains excerpts of 
parts of the book „Bisphosphonates in medical practice-
actions, side effects, indications and strategies“ by 
ReinerBartl et al. [ 1 ], Reprinted with kind permission of 
Springer Science and Business Media.  
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    Abstract  

  Bisphosphonates are highly effective in preserving bone mineral density and 
have a favorable benefi t-risk profi le. Thereby, bisphosphonates became the 
preferred antiresorptive drug for malignant and nonmalignant diseases char-
acterized by various kinds of bone loss. In general, bisphosphonates may be 
considered as treatment option for preserving bone mineral density in any 
disease accompanied by increased bone resorption, regardless of the patho-
genic mechanisms involved. Typical and frequent indications are postmeno-
pausal osteoporosis, breast cancer, prostate cancer, and multiple myeloma. 

 Bisphosphonates exert benefi cial effects beyond their antiresorptive 
properties and reduce morbidity and mortality in malignant and nonmalig-
nant diseases. Especially, the antitumor activity described in several 
malignancies is intriguing. The molecular mechanisms generating these 
additional benefi cial effects are still incompletely understood. 

 Among bisphosphonates, zoledronic acid is the most potent and most 
thoroughly studied substance. Of all bisphosphonates, zoledronate displays 
the most benefi cial effects in reducing fracture risk, antitumor activity, and 
additional effects but also the highest risk of adverse events, including 
BRONJ/MRONJ. 

 Denosumab has a similarly high antiresorptive capacity as zoledronic acid. 
In certain settings, it may be a suitable alternative to bisphosphonate therapy.  
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        Introduction 

 Due to their effective antiresorptive properties, 
bisphosphonates are the fi rst-choice treatment in 
many disorders involving an increase or disrup-
tion in bone resorption. Bisphosphonates help to 
ameliorate quality of life and furthermore have 
the potential to improve survival in malignant and 
nonmalignant diseases [ 1 ,  2 ]. The overall good 
tolerability results in a continuous and prolonged 
use in many patients. Adverse effects are infre-
quent and primarily constituted by acute- phase 
reactions with transient infl uenza-like symptoms, 
hypocalcemia, impaired renal function, and com-
plications of the upper aerodigestive tract, such as 
esophageal ulceration [ 3 ]. Additionally, rare cases 
of atypical femoral fractures have been connected 
with long-term use of bisphosphonates [ 4 ,  5 ], and 
an association of atrial fi brillation and esophageal 
cancer with bisphosphonate use has been sug-
gested [ 6 ]. The most problematic adverse event, 
bisphosphonate- related osteonecrosis of the jaw, 
has emerged as a severe complication of bisphos-
phonate therapy [ 7 ,  8 ] and has primarily been 
described in patients with prolonged intravenous 
bisphosphonate therapy. Of all available bisphos-
phonates, the intravenous nitrogen- containing 
bisphosphonate zoledronic acid displays the 
most distinct benefi cial effects both in reduc-
ing skeletal-related events and in improving 
overall survival in malignant and nonmalignant 
diseases; however, zoledronic acid is also most 
frequently associated with adverse events, such as 
bisphosphonate- related osteonecrosis of the jaw.  

    Use of Bisphosphonates 
in Nonmalignant Diseases 

    Bisphosphonates in Postmenopausal 
Osteoporosis 

 Osteoporosis poses a signifi cant public health 
issue that greatly impacts morbidity and mor-
tality, especially in postmenopausal women. 
Amino-bisphosphonates exert proven effi cacy 
in reducing fracture risk at the spine, hip, and 
other nonvertebral skeletal sites and are the most 
 frequently applied treatment strategy with the 

best cost-to- effectiveness ratio of all therapies for 
postmenopausal osteoporosis [ 9 ]. Women receiv-
ing bisphosphonates present decreased bone turn-
over and serum markers of bone turnover, such 
as cross-linked C-telopeptides of collagen type I 
[ 10 ]. In excess of their primary function of reduc-
ing  skeletal-related events, bisphosphonates have 
also been associated with a signifi cant decrease in 
morbidity and increase in survival in osteoporosis 
patients, which is not explainable by the mere effect 
of preventing fractures. The reasons for this obser-
vation are not yet fully understood. Possibly effects 
of bisphosphonates not directly related to the bone 
are jointly responsible for this observation, such as 
the inhibitory effect on the atherosclerotic process 
demonstrated by experimental evidence [ 11 ]. 

 Intravenous zoledronic acid is the most effec-
tive bisphosphonate for treating osteoporosis with 
a 70 % fracture risk reduction, whereas the risk is 
reduced by 60 % using ibandronate. However, in 
osteoporosis patients, long-term treatment is fre-
quently required, and oral applications, which are 
less frequently associated with adverse effects, are 
often preferred. The nitrogen- containing bisphos-
phonates alendronate and risedronate are eligible 
for oral application, are approximately equipotent, 
and exhibit a log- linear relationship between the 
dose and the increase in spine bone mineral den-
sity in the animal model [ 12 ]. Regarding duration 
of treatment, the benefi ts of continuing therapy 
probably outweigh the risk of harm in patients 
with bone mineral density in the osteoporosis 
range or previous history of fragility fracture. 
However, patients who are not at high risk for frac-
ture are candidates for a “drug holiday” in order to 
minimize the risk of severe side effects [ 13 ]. 
Altogether, it is important to fi nd a rational bal-
ance and give continued osteoporosis treatment to 
those in need, since bisphosphonates prevent many 
typical hip and vertebral compression fractures, 
particularly in elderly patients [ 4 ].  

    Bisphosphonates in Chronic Kidney 
Disease and After Renal 
Transplantation 

 Indications for bisphosphonates in chronic kid-
ney disease include hypercalcemia, treatment of 
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low bone mineral density in all chronic kidney 
disease stages, and prevention of bone loss after 
renal transplantation. Renal transplant recipients 
are at high risk of developing osteoporosis and 
osteopenia due to underlying renal osteodys-
trophy, hypophosphatemia, and immunosup-
pression. Especially, the fi rst year after renal 
transplantation often entails excessive bone loss, 
inter alia due to the application of high glucocor-
ticoid doses. Additionally, persistent post-kidney 
transplant hyperparathyroidism may lead to or 
exacerbate preexisting bone and cardiovascular 
disease [ 14 ]. 

 In chronic kidney disease, bone biopsy is man-
datory before starting a bisphosphonate therapy in 
case suppressed bone turnover is suspected. 
Although it has been shown that bisphosphonates 
can safely be used in all chronic kidney disease 
stages, including dialysis patients, they must be 
carefully administered in these patients, because 
of their urinary elimination and potential renal tox-
icity. Renal toxicity is associated with infusion 
velocity and excessive dosage. Therefore, it is 
important to maintain the time of infusion, and in 
hemodialysis patients, administration during the 
hemodialysis session is recommended. A 50 % 
dose reduction is recommended in chronic kidney 
disease stage 4 and 5. Renal toxicity is less fre-
quent when using oral bisphosphonate regimens 
[ 15 ]. Oral therapy regimens are also favorable and 
have been proven to be effective in patients after 
renal transplantation who are exposed to continu-
ous immunosuppression and thus may have an 
especially high risk for side effects, such as 
bisphosphonate-related osteonecrosis of the jaw 
[ 16 ]. Low-dose alendronate or risedronate in addi-
tion to vitamin D supplementation given early 
after renal transplantation prevents early bone loss 
and is signifi cantly correlated with increased lum-
bar, spine, and radius bone mineral density 
6 months after transplantation when compared to 
vitamin D supplementation alone [ 17 ,  18 ].  

    Other Indications 

 Glucocorticoid-induced osteoporosis is an impor-
tant indication for bisphosphonate use in various 
diseases. As an example, Crohn’s disease and its 

therapy affect bone health and result in a high preva-
lence of low bone mineral density disease such as 
osteoporosis and osteopenia, which may be amelio-
rated by bisphosphonate therapy [ 19 ]. Furthermore, 
bisphosphonates are fi rst-choice treatment in 
Paget’s disease, and their effi ciency has been proven 
in osteogenesis imperfecta [ 20 ,  21 ]. 

 Apart from their antiresorptive activity, bisphos-
phonates may also have specifi c analgesic or anti-
infl ammatory effects. Thus, rheumatic diseases 
associated with systemic and sometimes focal bone 
loss, such as rheumatoid arthritis, spondylarthritis, 
or SAPHO (synovitis, acne, pustulosis, hyperosto-
sis, osteitis) syndrome, are candidates for bisphos-
phonate therapy. Also noninfl ammatory rheumatic 
diseases, such as aseptic osteonecrosis, neuropathic 
osteoarthropathy, algoneurodystrophy, and fi brous 
dysplasia, are associated with pain and increased 
focal bone remodeling. Several studies have shown 
promising therapeutic potential of bisphosphonates 
in these infl ammatory or noninfl ammatory diseases 
where therapeutic options are often limited [ 21 ,  22 ]. 

 Preliminary evidence exists that bisphos-
phonates may furthermore be useful to prevent 
vascular calcifi cations and as therapy of calci-
phylaxis, also known as calcifi c uremic arterio-
lopathy. Calciphylaxis is a rare but potentially 
life-threatening and diffi cultly treatable con-
dition that almost exclusively affects patients 
with chronic kidney disease. In a small series 
of eight patients with calciphylaxis, progression 
of skin lesions stopped between 2 and 4 weeks 
after starting bisphosphonate therapy. Within 
6 months, wound healing was complete in all 
patients without recurrence during at least 1 year 
follow-up [ 23 ].   

    Use of Bisphosphonates 
in Malignancies 

 Bisphosphonates are the most common pharma-
ceutical intervention for prevention of skeletal- 
related events in patients with malignant skeletal 
involvement. In principle, bisphosphonates are 
probably benefi cial in any tumor disease meta-
static to the bone or in which the treatment causes 
loss in bone mineral density. Best described are 
bisphosphonate effects in patients with multiple 
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myeloma, breast cancer, and prostate cancer, 
whereas data on the effi ciency of bisphosphonate 
treatment in other malignancies is limited. 
Bisphosphonates signifi cantly reduce the risk of 
skeletal complications in multiple myeloma and 
metastatic bone disease by 30–50 % and prevent 
cancer treatment-induced bone loss. Osteolytic 
metastases are primarily caused by excessive 
bone resorption through osteoclasts with concur-
rently impaired osteoblast function due to a vari-
ety of cytokines produced by metastatic cancer 
cells, infl uencing both osteoclast and osteoblast 
function [ 24 ,  25 ]. 

 Beside the benefi cial effects of bisphospho-
nates on pain and reduction of fractures [ 26 ], they 
also display antimyeloma and antitumor activity 
with prolonged overall survival reported for vari-
ous malignancies [ 27 – 30 ]. Several mechanisms 
by which bisphosphonates exert antitumor effects 
are proposed. Firstly, bisphosphonates may pre-
serve bone health and delay bone lesion progres-
sion by interrupting the vicious cycle of increased 
osteolysis coupled with increased tumor growth. 
Metastatic cells in bone secrete cytokines and 
growth factors, which may promote osteoclast 
function and survival and thus facilitate bone 
resorption. Osteoclasts, in turn, release bone- 
derived growth factors that possibly facilitate 
tumor cell survival and metastasis growth. 
Secondly, direct effects on cancer cells may con-
tribute to the antitumor effect. Zoledronic acid 
inhibits growth, migration, and matrix-associated 
invasion of breast cancer cells [ 31 ]. In vitro, 
attenuated proliferation of breast cancer cells was 
demonstrated when treated with ibandronate. 
Especially, amino-bisphosphonates might have 
inherent anticancer activities independently of 
their direct effect on bone [ 32 ,  33 ], which depend 
on inhibition of protein prenylation through 
inhibition of the mevalonate pathway, a mecha-
nism not shared by non-nitrogen-containing bis-
phosphonates [ 27 ,  33 ]. Amino-bisphosphonates 
inhibit the activity of small GTPases by prevent-
ing their posttranslational isoprenylation and thus 
promote the expression of proapoptotic genes 
and the upregulation of caspases [ 34 ], as acti-
vated RAS GTPases downregulate the expres-
sion of proapoptotic genes in malignant cells. 

Thus, nitrogen-containing bisphosphonates may 
induce apoptosis in neoplastic cells via modu-
lation of the activity of small GTPases [ 35 ]. 
Thirdly, bisphosphonates may stimulate innate 
antitumor immune mechanisms, such as γδ T 
cells. In patients with prostate cancer, zoledronate 
therapy elicited a long-term shift of peripheral γδ 
T cells towards an activated effector memory-like 
state associated with improved immune surveil-
lance against transformed or malignant cells [ 36 ]. 
Furthermore, it is suggested that bisphosphonates 
effect angiogenesis and the stem cell niche by 
modulation of extracellular matrix gene expres-
sion. Hence, bisphosphonates provide more than 
just supportive care in patients with multiple 
myeloma or solid tumors with bone metastases. 

    Bisphosphonates in Multiple 
Myeloma Patients 

 Multiple myeloma patients are often affected by 
pathological fractures early in their disease 
course but still have a long survival compared to 
other patients with bone metastases. Due to early 
and massive bone affection, potent intravenous 
bisphosphonate regimens are the preferred treat-
ment strategy in multiple myeloma patients. 
However, the prolonged intravenous bisphospho-
nate use is probably the reason for a high inci-
dence of bisphosphonate-related osteonecrosis of 
the jaw (up to 23 % [ 37 ]) in these patients. 
Furthermore, multiple myeloma patients often 
undergo aggressive high-dose chemotherapy fol-
lowed by neutropenia and are mostly treated with 
multiple chemotherapy regimens during their 
disease course. Chemotherapy generally has 
immunosuppressant and antivasculogenic prop-
erties, and effects of stem cell depletion induced 
by high-dose chemotherapy on later wound heal-
ing capacity may further increase the risk of 
bisphosphonate-related osteonecrosis of the jaw. 
Therefore, the Mayo Clinic consensus statement 
and the IMWG guidelines recommend that 
bisphosphonate use should be reduced to 1 or 
2 years in patients reaching a plateau phase or 
complete response. For patients with active dis-
ease, therapy frequency can be decreased to every 
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3 months after 2 years [ 38 ]. Despite a higher inci-
dence of bisphosphonate-related osteonecrosis of 
the jaw in patients receiving zoledronic acid, it 
has to be taken into account that zoledronic acid 
has been demonstrated to be superior to pamidro-
nate in preventing skeletal-related events at least 
in certain subsets of patients [ 39 ] and superior to 
non-nitrogen-containing clodronate not only in 
reducing skeletal-related events but also in 
improving event-free and overall survival in mul-
tiple myeloma patients [ 32 ,  40 ,  41 ]. Meta- 
regression analysis has suggested a borderline 
signifi cant trend for overall survival based on the 
bisphosphonate potency, although overall sur-
vival does not seem to be different comparing 
zoledronic acid, pamidronate, and ibandronate in 
the meta-analysis [ 41 ]. Data clearly demonstrat-
ing the superiority of zoledronic acid compared 
to ibandronate in multiple myeloma patients is 
missing; however, ibandronate is not approved 
for use in multiple myeloma patients, although 
the incidence of bisphosphonate-related osteone-
crosis of the jaw seems to be lower than with 
zoledronate treatment [ 37 ]. Thus, to date, intra-
venous zoledronate is the preferred bisphospho-
nate regimen for multiple myeloma patients.  

    Bisphosphonates in Breast Cancer 

 Breast cancer is the most frequently diagnosed 
cancer in women of the western population, and 
bone loss is common throughout the disease 
course. About 70 % of patients with advanced 
breast cancer develop bone metastases, a compli-
cation that is often painful and potentially leads 
to debilitating skeletal-related events. In early 
breast cancer, accelerated bone mineral density 
loss frequently occurs in the wake of adjuvant 
therapy. Rate and extent of chemotherapy or 
endocrine cancer therapy-induced bone loss are 
often greater than decreases in bone mineral den-
sity during menopause. Bisphosphonates such as 
zoledronic acid are indicated for the treatment of 
breast cancer bone metastases and reduce the 
fracture risk by a third [ 42 ]. Zoledronate has been 
shown to also prevent cancer therapy-induced 
bone loss and improve bone mineral density in 

premenopausal women receiving adjuvant endo-
crine or chemotherapy for breast cancer [ 43 ]. 

 The benefi ts of bisphosphonate therapy in 
breast cancer go beyond maintaining bone health 
and include potential anticancer effects [ 43 ], 
which are a desirable treatment quality for this 
patient population with a good prognosis, but a 
high risk of recurrent disease. In vitro, zoledronic 
acid displays a particularly strong antitumor 
effect on primary breast cancer cells, which may 
be equal or superior to commonly used chemo-
therapeutic regimens [ 44 ]. Preliminary clinical 
data suggest that bisphosphonate therapy may 
reduce circulating tumor cell numbers, which are 
a negative prognostic indicator of disease-free 
and overall survival in patients with advanced 
and metastatic disease [ 45 ]. Zoledronic acid 
demonstrated disease-free survival benefi ts and a 
15 % improvement in overall survival in a meta- 
analysis including 9,518 breast cancer patients 
[ 42 ]. Notably, not all patient subgroups profi t 
equally by bisphosphonate therapy, but the 
advantage seems to depend on hormone levels, 
age, and cancer stage. Especially, patients 
expected to have low estrogen levels, such as pre-
menopausal patients undergoing ovarian sup-
pression and postmenopausal women who were 
at least 5 years postmenopause, display signifi -
cant improvement in overall survival. Thus, 
reproductive hormones seem to be a treatment 
modifi er to take into account [ 46 ]. This might 
also be the reason for a stronger recurrence risk 
reduction in older patients (especially older than 
60 years) compared to younger patients treated 
with zoledronate, ibandronate, or clodronate 
[ 45 ]. Patients with early-stage breast cancer 
clearly profi t by zoledronate achieving a reduced 
risk of recurrence, which persists for years even 
after cessation of zoledronate treatment [ 45 ]. 
However, data in advanced breast cancer is con-
fl icting, and zoledronate may even increase the 
risk of recurrence in this setting [ 42 ]. Generally, 
oral bisphosphonates do not seem to affect breast 
cancer recurrence in premenopausal women and 
yield inconsistent results in postmenopausal 
women. Thus, current clinical evidence is insuf-
fi cient to support the use of oral bisphosphonates 
as a standard adjuvant breast cancer treatment. 
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 In conclusion, zoledronic acid may be consid-
ered as standard of care in adjuvant breast cancer 
therapy, at least for certain patient subgroups as 
described above [ 47 ]. It stands to reason that an 
early start of bisphosphonate therapy during 
breast cancer disease course is advantageous. 
Treatment duration should not generally be 
restricted, as persistence with zoledronate ther-
apy for more than 12 months is associated with a 
substantially greater reduction of skeletal-related 
events compared with zoledronate treatment for 
1–3 months [ 48 ].  

    Bisphosphonates in Prostate Cancer 
and Other Genitourinary 
Malignancies 

 In men, prostate cancer is the most frequent 
malignancy and the second most common cause 
of cancer death. Skeletal complications are 
numerous, either due to bone metastases or as a 
consequence of androgen deprivation therapy. 
Complications of bone metastases include bone 
pain, pathologic fractures, and spinal cord com-
pression [ 49 ]. Less common genitourinary malig-
nancies also have a predilection for metastases to 
the bone. Skeletal metastases have been reported 
in 20–40 % of patients with stage IV renal cell 
carcinoma or bladder cancer. 

 As seen in multiple myeloma and breast cancer 
patients, positive effects of bisphosphonate therapy 
in genitourinary malignancies do not only include 
reduction of skeletal-related events, but also 
improvement of overall survival. Preclinical stud-
ies in models of genitourinary cancers have shown 
that bisphosphonates can inhibit overall tumor 
progression, proliferation, invasion, and angiogen-
esis; activate the immune response against cancer 
cells; and produce synergistic anticancer effects 
with cytotoxic agents. Compared to other bisphos-
phonates, zoledronate demonstrated especially 
profound direct anticancer activity and synergy 
with cytotoxic chemotherapy in preclinical stud-
ies with prostate cancer cells. The anti-angiogenic 
effect of zoledronate is especially intriguing in 
the setting of renal cell carcinoma, characterized 
by extensive vascularization, and promises to 

increase the success of anti-angiogenic therapies 
in metastatic renal cell cancer [ 36 ]. 

 Bisphosphonates are frequently used in 
prostate cancer with bone metastases, although 
current guidelines recommend their use only 
in castration-resistant prostate cancer [ 50 ]. 
There is little published guidance for the use 
of  bisphosphonates in renal cell or bladder 
cancer. Both oral and intravenous bisphospho-
nates have palliative activity in genitourinary 
malignancies. Weekly oral alendronate prevents 
bone loss, increases bone mass, and decreases 
bone turnover in patients with androgen depri-
vation therapy for localized prostate cancer 
[ 51 ], and there is evidence that clodronate sig-
nifi cantly improves overall survival in patients 
with prostate M1 disease beginning hormonal 
therapy. However, to date, zoledronate is the 
only bisphosphonate having demonstrated sig-
nifi cant objective and durable benefi ts and to 
have received broad regulatory approval for pre-
venting skeletal-related events in patients with 
bone metastases from castration- resistant pros-
tate cancer or other genitourinary malignancies. 
Zoledronate reduces pain scores and proportion 
of patients with skeletal-related events, prolongs 
the time to the fi rst skeletal- related event in geni-
tourinary malignancies, and extends the time to 
disease progression with a trend for prolonged 
overall survival in renal cell cancer. In patients 
with bone metastases from bladder cancer, zole-
dronate increases the 1-year survival rate [ 36 ]. 
There is evidence to apply zoledronate early (i.e., 
before the fi rst skeletal- related event) in prostate 
cancer metastatic to the bone, as this strategy is 
associated with a decreased risk of subsequent 
skeletal-related events compared to zoledronate 
treatment started after the fi rst skeletal-related 
event [ 52 ]. Regarding the duration of bisphos-
phonate therapy, there is no clear recommen-
dation, whether the therapy should be stopped 
after a fi nite length of time or extended for as 
long as it is tolerated. The suspected benefi ts for 
overall survival and increased fracture reduction 
with longer treatment duration revealed in ret-
rospective database analyses argue against gen-
eral treatment time restrictions in genitourinary 
malignancies.  
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    Denosumab as an Alternative 
to Bisphosphonate Therapy 

 Denosumab is a fully human monoclonal anti-
body that neutralizes the receptor activator of 
nuclear factor κB ligand (RANKL), a member of 
the tumor necrosis factor receptor superfamily. 
RANKL is produced by osteoblasts and activates 
the RANK receptor on osteoclast precursor cells 
and osteoclasts. The RANKL-RANK signaling 
pathway is essential for the differentiation, func-
tion, and survival of osteoclasts (Fig.  2.1 ) [ 53 ].

   Denosumab is injected subcutaneously. 
Dosing ranges from 60 mg every 6 months in 
order to preserve bone density in postmenopausal 
women to 120 mg every 4 weeks in the setting of 
malignant disease metastatic to the bone. In con-
trast to bisphosphonates, denosumab does not 
accumulate in the bone and its effect is reversible 
after treatment discontinuation. The circulatory 
half-life is about 26 days [ 54 ]. 

 The indications of denosumab are principally 
similar to bisphosphonates. However, certain 
aspects have to be taken into account for the 
therapeutic decision. The effi cacy of denosumab 
in preventing skeletal-related events was dem-
onstrated to be at least equal to zoledronate [ 55 , 
 56 ] but seems to partly depend on the disease 
type. Denosumab treatment in postmenopausal 

 osteoporosis results in a rapid and sustained 
reduction of bone turnover markers, a marked 
increase in bone mineral density and a decrease 
in fracture risk [ 57 ]. In breast [ 58 ] and prostate 
cancer [ 59 ] patients, suppression of bone turn-
over markers is greater than by zoledronic acid. 
In patients with cancer types other than breast 
or prostate (mainly lung and multiple myeloma) 
[ 55 ], denosumab was equipotent to zoledronate 
in preventing skeletal- related events. 

 The side effect profi le of denosumab and 
bisphosphonates is partly overlapping. Especially 
adverse effects directly mediated by bone remod-
eling inhibition, namely, osteonecrosis of the jaw 
(ONJ), occur with similar frequency under treat-
ment with denosumab and zoledronic acid [ 55 , 
 56 ]. Acute-phase reactions, which are frequent 
after zoledronic acid application, occur rarely after 
denosumab [ 55 ]. Yet it has to be taken into account 
that the RANKL-RANK signaling pathway is not 
restricted to osteoclastogenesis: RANKL is a co-
stimulatory cytokine for T cell activation [ 60 ] and 
lymphocyte development [ 61 ]. Concordantly, an 
increased infection rate was shown in patients with 
osteoporosis or early breast cancer treated with 
denosumab [ 62 ]. The interference with the 
immune system may also increase the risk of neo-
plasms [ 57 ]. Importantly, there is evidence hinting 
at a worse survival in patients with multiple 
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  Fig. 2.1    Mechanisms of action of denosumab and 
bisphosphonates. RANKL is secreted by osteoblasts and 
binds to the RANK receptor on osteoclasts, promoting 
osteoclast differentiation and activation. Denosumab 
binds RANKL and thereby inhibits the RANKL-RANK 

pathway. Bisphosphonates bind to the bone and enter and 
thus inhibit resorption by activated osteoclasts (Modifi ed 
according to Yee and Raje [ 54 ] with kind permission of 
dove medical press)       
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myeloma treated with denosumab compared to 
zoledronate [ 55 ]. Thus, denosumab is thus cur-
rently not indicated in the setting of multiple 
myeloma. On the other hand, preclinical data from 
animal models of breast cancer and melanoma 
suggest a role of the RANKL-RANK signaling 
pathway in tumor genesis and metastasis [ 63 ,  64 ], 
and limited data indicates that denosumab may 
reduce disease progression in prostate cancer 
patients [ 54 ]. Furthermore, overall survival was 
not different in breast [ 58 ] and prostate cancer [ 59 ] 
patients treated with denosumab or zoledronic 
acid. Altogether, data concerning the possible anti-
tumor effect of denosumab in comparison with 
bisphosphonates is still insuffi cient. The post- 
market period of denosumab is still comparably 
short and yet unknown side effects may emerge. 
Therefore, vigilance regarding adverse events 
related to possible effects of RANKL inhibition in 
tissues other than bone or to bone turnover over-
suppression is mandatory [ 65 ]. 

 In contrast to bisphosphonate clearance, deno-
sumab clearance is largely independent of renal 
function, since, similarly to other monoclonal 
antibodies, denosumab is cleared by the reticulo-
endothelial system [ 66 ]. Subsequently, deno-
sumab does not require dose reduction in case of 
renal dysfunction, is not contradicted in patients 
with renal failure [ 54 ], and thus seems to be the 
safest treatment option for patients with impaired 
renal function [ 65 ]. 

 Denosumab is cost-effective compared to no 
treatment for fracture prevention in postmeno-
pausal women with osteoporosis [ 57 ]. However, 
the estimation of the cost-effectiveness in com-
parison to bisphosphonates depends on the ana-
lytical perspective and model parameters and 
varies in different economic evaluations [ 67 ,  68 ]. 

 Taken together, denosumab may be a suitable 
alternative to bisphosphonate therapy in certain 
settings, for example, for patients with postmeno-
pausal osteoporosis or breast or prostate cancer, 
who suffer from renal impairment or are unable 
or refuse to take bisphosphonates.   

    Conclusions 

 Bisphosphonates and denosumab are rou-
tinely used in the treatment of malignant and 

nonmalignant diseases with increased osteo-
clast activity. They effectively reduce skeletal-
related events in patients suffering from 
osteoporosis and metastatic bone disease. 
Generally, side effects of bisphosphonate and 
denosumab treatment are infrequent, and they 
always have to be interpreted with regard to 
the underlying disease.   
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        Terminology of Osteonecrosis 
of the Jaw 

    Avascular/Ischemic Necrosis 
of the Jaw 

 Osteonecrosis usually refers to the death of bone 
resulting from a transient or permanent disruption of 
blood supply to the bone. An impaired blood sup-

ply causes avascular necrosis of the bone, which can 
be frequently found in long bones such as the femur 
head. In the orthopedic fi eld, this is called “aseptic 
necrosis,” “avascular necrosis,” or “ischemic necro-
sis.” In the oral and maxillofacial fi eld, osteonecrosis 
of the jaw (ONJ) can frequently develop after radia-
tion therapy. Radiation-induced osteoradionecrosis 
(ORN) is characterized by avascular necrosis with 
hypoxic, hypocellular, and hypovascular lesions [ 1 ]. 
Other conditions, such as local  vascular insuffi ciency 
from thromboembolism or  secondary to osteomy-
elitis and a pathological process after experiencing 
trauma, are also related to osteonecrosis [ 2 ,  3 ]. 

 In 2003, a new type of ONJ was reported in 
relation to nitrogen-containing bisphosphonate 
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    Abstract   

 The clinician should attempt to determine the risk factors for a dis-
ease before treatment in order to prevent disease development. Even 
though numerous clinical case series have reported Medication-related 
 osteonecrosis of the jaw (MRONJ) after intravenous or oral route adminis-
tration of bisphosphonates (BPs), evidence-based research regarding risk 
factors is sparse. Currently, the route of administration, dose and dura-
tion of intake, nitrogen-containing BPs, and dental infection/dental inva-
sive procedures can be suggested as risk factors for MRONJ. Recently, a 
human monoclonal antibody inhibiting osteoclasts, denosumab, has been 
 introduced as an antiresorptive drug. The reported risk of denosumab-
related osteonecrosis of the jaw (DRONJ) seems similar or slightly higher 
compared with intravenous intake of nitrogen- containing BPs. Dental 
extractions and oncological dosing could be related to an increased risk 
of DRONJ. There are also increasing reports of osteonecrosis of the jaw 
related with antiangiogenic chemotherapeutics.  

mailto: kwondk@knu.ac.kr
mailto: taegeonkwon@gmail.com


28

(BP) administration, which has become known as 
“bisphosphonate-related osteonecrosis of the jaw” 
(BRONJ). Like avascular necrosis in the femoral 
head, this was fi rst termed “avascular necrosis of 
the jaw” [ 4 – 6 ] because the etiological background 
was not completely understood at the time of the 
initial reports. Various clinical and experimental 
studies had already proved that BPs inhibit angio-
genesis [ 7 – 10 ] or blood fl ow in bone [ 11 ]. 
However, if BRONJ is simply avascular necrosis, 
as in the hip or knee joint, it is diffi cult to explain 
why this necrosis develops almost exclusively in 
the jaw [ 12 ,  13 ]. Moreover, pathological speci-
mens from BRONJ lesions are not completely 
avascular in humans [ 14 ] or animals [ 15 ]. 
Interestingly, there is various clinical and experi-
mental evidence showing that BP administration 
is potentially benefi cial for the treatment of femo-
ral head avascular necrosis [ 16 – 18 ]. Nowadays, 
the term “avascular necrosis of the jaw” is no lon-
ger used for ONJ related to BP treatment.  

    Bisphosphonate-Induced, -Related, 
or -Associated Jaw Necrosis 

 Osteonecrosis of the jaw after administration 
of bisphosphonates has been referred to in the 
 literature by several different acronyms, including 
BIOJ (bisphosphonate- induced  osteonecrosis of 
the jaw) [ 19 ], BAONJ (bisphosphonate- associated    
osteonecrosis of the jaw) [ 20 ,  21 ], or BRONJ 
(bisphosphonate- related  osteonecrosis of the jaw) 
[ 22 ]. The term “ associated ” implies that BP is 
assumed to be the cause of the ONJ, whereas 
“ related ” implies that the BP was  confi rmed to be 
the cause of ONJ. The term “ induced ” represents a 
more direct cause–effect relationship. These three 
terms are widely used depending upon the authors’ 
understanding of the pathogenesis of ONJ after 
bisphosphonate treatment. To emphasize the infl u-
ence of immunity and infections, rather than being 
aseptic or avascular in origin, some reports insist 
on using the term “bisphosphonate-associated 
osteomyelitis of the jaw” [ 23 ]. In this chapter, the 
defi nition and staging system of ONJ after BP 
treatment followed the guideline of the AAOMS 
position paper [ 2 ], which uses the term “BRONJ.” 

 In summary, although the term 
“bisphosphonate -related    osteonecrosis of the 
jaw, BRONJ” can be changed if another patho-
physiological background is elucidated, this is 
the most widely used term to reasonably char-
acterize this disease. Since recent reports on the 
osteonecrosis of the jaw after administration of 
denosumab were published, the term “antire-
sorptive drug-induced osteonecrosis of the jaw 
(ARONJ)” has been proposed. 

 Recent AAOMS position paper 2014 sug-
gested the term “medication-related osteone-
crosis of the jaw (MRONJ)” [ 24 ]. This change 
refl ects the increasing number of ONJ reports 
after antiresorptive (denosumab) and antiangio-
genic agents (bevacizumab, sunitinib) admin-
istration. In this chapter, the risk factors for 
bisphosphonate-, denosumab- and antiangio-
genic agent-related ONJ are discussed   

    Risk Factors for BRONJ 

    Introduction 

 Between 2003, when the initial scientifi c reports 
on BRONJ appeared [ 4 ,  5 ,  25 ], and 2009, more 
than 670 articles on BRONJ were published [ 26 ]. 
However, only a limited number of the reports 
were based on randomized and controlled tri-
als. Additionally, there is not much evidence 
for the risk factors for BRONJ owing to the 
lack of an appropriate control group in many 
studies. Because of the low incidence and long-
term  incubation time of ONJ after bisphospho-
nate administration, it is nearly impossible to 
have a matched control group that is composed 
of patients receiving BPs owing to osteoporosis 
but without ONJ. At the same time, there are 
many confounding factors with regard to BRONJ 
development in elderly patients with systemic 
disease. Investigating the risk factors in elderly, 
osteoporotic patients is fundamentally diffi cult. 
Therefore, an analysis of the risk factors has been 
more frequently reported in patients who have 
taken intravenous bisphosphonates for malignant 
bone disease compared with oral bisphosphonates 
for osteoporosis. The determination of BRONJ 
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risk factors has been largely dependent on data 
from cancer patients. However, it is  diffi cult to 
discriminate between the complications that are 
attributed to BP administration itself and the mor-
bidity of the cancer treatment process. To clarify 
risk factors, further  investigation with adequate 
study design is needed to ensure an acceptable 
level of evidence. In this text, the  proposed risk 
factors for BRONJ from previous articles are dis-
cussed, with a  critical review (Table  3.1 ).

       Bisphosphonate Administration 
Itself: Type, Drug, Route, and Dose 

 The chemical structure of amino- bisphosphonates 
is characterized by the existence of nitrogen 
in the R-side chain, which ensures a stron-
ger potency of the drug [ 3 ]. There is no doubt 
that these nitrogen-containing bisphospho-
nates predominantly cause BRONJ compared 
with non-nitrogen- containing bisphosphonates. 
Therefore, most of the studies on BRONJ focus 
on nitrogen- containing bisphosphonates (zole-
dronate, pamidronate, ibandronate, alendronate, 
risedronate, etc.) [ 27 ]. It has been reported that 
intravenous bisphosphonate administration (e.g., 
zoledronate and pamidronate) carries a higher 
risk of ONJ development compared with oral 
bisphosphonates [ 19 ,  28 – 32 ]. Bisphosphonates 
are actively prescribed to patients diagnosed 
with metastatic breast cancer, prostate cancer 
or multiple myeloma (MM), and the related 
hypercalcemia [ 33 ]. To inhibit osteolytic activ-
ity and treat the hypercalcemia from metastatic 
bone disease, bisphosphonates are widely used 
to prevent pathological fracture and pain from 
malignant bone disease. According to a review of 
previously published case series of 368 BRONJ 
patients (1966–2006), zoledronic acid comprised 
35 % and pamidronate comprised 31 % of the 
total cases. Oral bisphosphonates (alendronate, 
risedronate, ibandronate) comprised only 4.8 % 
of the total cases [ 34 ]. The lower incidence of 
BRONJ by oral bisphosphonates could be attrib-
uted to differences in pharmacological effi ciency 
between oral and intravenous bisphosphonates. 
Oral bisphosphonates have a low absorption rate 

(<1 %) in the gastrointestinal tract, whereas more 
than 50 % of the intravenous bisphosphonates are 
incorporated into the bone [ 35 ,  36 ]. The dose of 
bisphosphonates for cancer treatment is up to 12 
times higher than for  osteoporosis [ 37 ,  38 ]. 

    Intravenous Bisphosphonates 
 Many reports have revealed zoledronate to be 
associated with a high risk of osteonecrosis 
 compared with pamidronate or other bisphos-
phonates [ 39 – 43 ]. Vahtsevanos et al. [ 44 ] and 
Hoff et al. [ 43 ] reported that having a history of 
 zoledronic acid treatment increased 15-fold the 
relative risk of BRONJ. Pamidronate-related 
BRONJ data have shown that each additional 
year of administration increased the BRONJ risk 
up to 1.7 times [ 45 ]. This has been attributed 
to the more potent inhibitory action of zoledro-
nate on bone turnover than that of pamidronate 
[ 46 – 48 ]. Zoledronate has an inhibitory effect on 
the bone turnover rate that is 10–100 times more 
powerful [ 46 ]. However, BP potency itself can-
not explain all the reasons for the higher risk of 
BRONJ development after zoledronate treatment 
compared with pamidronate. For example, the 
relative inhibition of bone remodeling for iban-
dronate is ten times more than that of pamidro-
nate [ 49 ]. However, ibandronate showed a 92 % 
reduced risk of BRONJ development in a longitu-
dinal cohort study [ 44 ] or a very low incidence of 
BRONJ development when it was administered 
as a single medication [ 48 ]. Thumbigere-Math 
et al. [ 32 ] also reported that there was no signifi -
cant difference in the cumulative dose of ibandro-
nate in patients treated with ibandronate, whereas 
zoledronate and pamidronate had a signifi cantly 
higher mean cumulative dose. 

 Among the patients exposed to intravenous 
bisphosphonates, around 1 % of the patients 
developed BRONJ at 1 year after treatment, 
which increased to 13 % at 4 years cumulatively 
[ 42 ]. Another report also showed that the cumu-
lative danger of developing BRONJ reached 
1 % after 1 year of administration and up to 
20 % after 3 years [ 41 ]. Prolonged duration of 
BP administration [ 29 ,  32 ,  42 ,  43 ,  50 ] and an 
increased cumulative dose have been reported to 
be signifi cant risk factors for BRONJ [ 32 ,  43 ,  48 , 
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 50 ], especially for longer durations of zoledro-
nate treatment [ 44 ]. The median exposure time 
for BRONJ development was 12–24 months for 
zoledronate, 19–30 months for pamidronate, and 
13–21.5 months for ibandronate [ 32 ,  41 – 43 ]. 
It is unknown why BRONJ is more frequently 
reported in multiple myeloma and breast can-
cer patients than in prostate and renal cancer 
patients and in patients with Paget’s disease. A 
possible explanation is the relatively longer dura-
tion and greater cumulative dose of bisphospho-
nate medication for multiple myeloma and breast 
 cancer patients than that for the other diseases 
[ 43 ]. In general, development of BRONJ is asso-
ciated with the combined effect of dose, duration, 
and potency of the bisphosphonates [ 43 ].  

    Oral Bisphosphonates 
 The reported incidence of orally induced BRONJ 
is very low. According to the data from the Merck 
company, the estimated incidence of BRONJ after 
alendronate treatment was 0.7 cases per 100,000 
person-years’ exposure [ 51 ]. A population- based 
study from Australia [ 30 ] showed that weekly 
alendronate can possibly result in 0.01–0.04 % of 
cases developing BRONJ. A recent epidemiologi-
cal investigation by a mail survey revealed a 0.1 % 
prevalence of BRONJ after oral bisphosphonate 
intake [ 52 ], which is higher than previously 
reported data from the company. Case–control 
studies have shown that oral treatment with BP is 
the defi nitive risk factor for ONJ [ 53 ,  54 ]. ONJ 
related to oral bisphosphonates comprised 15.3 % 
of the total number of BRONJ cases reported (a 
review of the literature 2003–2009 by Filleul et al. 
[ 55 ]) and was 7.8 % of the cases in an European 
multicenter study [ 56 ] and 39.5 % of the cases in a 
Japanese multicenter study [ 57 ]. Most of the 
BRONJ cases derived from oral BP treatment (oral 
BRONJ) were related to alendronate [ 52 ,  58 – 61 ]. 

 Because the prevalence of oral BRONJ is 
quite low, it is diffi cult to determine signifi -
cant risk factors. According to the American 
Association of Oral and Maxillofacial Surgeons 
(AAOMS) position paper [ 2 ], oral BRONJ risk 
increases when the duration of intake exceeds 
3 years. However, there was no supporting sci-
entifi c evidence for this notion. A nationwide 

 survey in Japan [ 57 ] showed that the duration of 
bisphosphonate administration before ONJ onset 
was 33.2 months (0.2–135 months), whereas it 
was 23.6 months (1.2–103 months) for intra-
venous bisphosphonate intake. Fleisher et al. 
[ 62 ] reported a median 3 years for intravenous 
bisphosphonates and 5 years for oral bisphos-
phonates before the onset of ONJ. Other reports 
also showed similar periods of time before the 
onset of oral BRONJ: mean 48.8 months [ 53 ], 
57.8 months [ 56 ], 66.5 months [ 60 ] or median 
52.8 months [ 61 ]. Barasch et al. [ 54 ] reported that 
BRONJ risk begins within 2 years of bisphospho-
nate administration for both cancer and osteopo-
rosis patients. This risk of BRONJ in non-cancer 
patients increased substantially after 5 years of BP 
treatment. These data reveal that oral BP-related 
ONJ was usually reported to develop between 
2.5 and 5.5 years after BP treatment. This implies 
that oral BRONJ can also exist even without a 
long incubation time. Therefore, patients receiv-
ing oral BP for more than 2.5–3 years should be 
closely monitored. 

 Bisphosphonates have a long half-life. In par-
ticular, alendronate suppresses the bone turnover 
marker up to 5 years after cessation of the drug 
[ 63 ]. Patients without malignant bone disease 
receive BP for longer periods of time and may 
have a greater possibility of accumulating a 
higher dose of BP. If these BP-treated patients 
experience local risk factors, the number of 
BRONJ cases could be increased in the future.   

    Systemic Risk Factors 
(Underlying Disease, Co-Morbidities, 
and Co-Medications) 

    Intravenous Bisphosphonate Intake 
 Initial reports for case series of BRONJ showed 
that the medical comorbidities of the patients 
were chemotherapy, corticosteroid use, diabe-
tes, smoking, alcohol abuse, low body weight, 
 menopause, and old age [ 19 ]. Usually, chemo-
therapeutic agents and corticosteroids are com-
monly used for metastatic bone disease, with 
delayed wound healing being one of the inevi-
table adverse side effects of these treatments 
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[ 24 ]. According to Jadu et al. [ 45 ], antineoplastic 
drugs (cyclophosphamide) and corticosteroids 
increased the risk of BRONJ in multiple myeloma 
patients. In some reports, chemotherapy was sig-
nifi cantly related to BRONJ development [ 32 ,  41 , 
 48 ]. However, high-dose chemotherapy accompa-
nies long-term BP treatment, and it is diffi cult to 
defi ne delayed wound healing or bone exposure 
that would be attributed solely to the chemother-
apy. Corticosteroid treatment has been reported to 
be one of the signifi cant risk factors for BRONJ in 
a retrospective case–control study [ 45 ]. However, 
other reports have failed to fi nd a statistical dif-
ference between the number of steroid users in 
BRONJ and the control group [ 29 ,  41 ,  43 ,  64 – 66 ]. 
The dose and duration of the corticosteroid treat-
ment varies widely depending on the patients’ 
disease and condition; thus, the contribution of 
corticosteroids to BRONJ development needs 
further investigation with a proper study design. 

 Other systemic risk factors are erythropoietin 
therapy [ 45 ], renal dialysis [ 45 ], and diabetes 
[ 32 ,  67 ]. Hypothyroidism was also reported to 
be associated with BRONJ development [ 32 ]. 
The exact mechanism of such risk factors in 
BRONJ onset needs to be investigated further. 
However, asthma, dyslipidemia, and hyperten-
sion have not been reported to be signifi cant risk 
factors [ 36 ,  67 ].  

    Oral Bisphosphonate Intake 
 It has been proven that oral BP increases ONJ risk 
[ 53 ,  54 ,  68 ]. However, in some reports, there was 
no signifi cant effect of oral BP on ONJ develop-
ment [ 66 ,  69 ]. This might be attributed to the lim-
ited number of cohort studies or case–control 
studies that can ensure an adequate level of scien-
tifi c evidence. Therefore, the reported risk factor 
for BRONJ related to oral BP was based on the 
frequency of co-morbidity in a case series. 
Patients without systemic or local risk factors 
rarely develop BRONJ after oral bisphosphonate 
intake alone. A retrospective cohort study of 30 
oral BRONJ patients [ 61 ] showed that diabetes 
(33 %) and systemic infl ammatory disorders 
(20 %) involving long-term corticosteroid use 
(23 %) were the most common co-morbidities. 
A recent retrospective multicenter study showed 
that hypertension (40.2 %) and diabetes (9.2 %) 
were the major co-morbidities [ 58 ]. In some 

reports, hypertension or cardiac disease was the 
most frequent systemic disease in oral BRONJ 
patients [ 70 ,  71 ]. Another report revealed that 
patients with BRONJ from oral BP who had 
comorbid conditions experienced prolonged 
healing times and reduced healing [ 61 ]. Therefore, 
systemic comorbidities need to be considered 
before treatment. However, these are “systemic 
comorbidities” and more scientifi c supporting 
data should be accumulated to confi rm the “sig-
nifi cant risk factors” related to oral BRONJ.   

    Local Risk Factors (Infections, 
Extractions, Pressure Sores, etc.) 

 It has been clearly shown that dental risk factors 
such as invasive dental procedures (dental extrac-
tion), denture irritation, and periodontitis are 
related to BRONJ development [ 65 ]. Hoff et al. 
[ 43 ] reported that dental extraction increases the 
hazard ratio 9.9 times in multiple myeloma 
patients and 53.2 times in breast cancer patients. 
A longitudinal cohort study in cancer patients 
also showed an 18-fold elevated risk of BRONJ 
after extraction and a two-fold increase after den-
ture irritation [ 44 ]. Dental surgical procedures 
increased the incidence of BRONJ as high as 5.3- 
fold [ 45 ] or seven-fold [ 64 ]. 

 The healing process of a dental extraction 
site refl ects the systemic wound healing capac-
ity. Blood clot formation after extraction leads 
to granulated tissue and fi nally mineralization 
to an osseous structure. Because bisphospho-
nates accumulate in skeletal sites with high bone 
turnover, such as the maxilla or mandible [ 72 ], 
BP-bound osseous tissue resorbs slowly. This 
bacterially contaminated bone cannot be read-
ily resorbed, and this prolonged open wound 
increases the risk of bacterial invasion. This can 
result in a favorable environment for the develop-
ment of chronic osteomyelitis [ 73 ,  74 ]. 

 Periodontal disease is one of the possible risk 
factors for BRONJ. Infl ammation generally 
decreases the pH level and this acidic milieu 
leads to the protonated activation of nitrogen- 
containing BP [ 75 ,  76 ]. A recent investigation 
with a periodontitis-associated microbe showed 
that periodontitis is one of the signifi cant risk fac-
tors for BRONJ in cancer patients [ 77 ]. 
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 The incidence of mandibular BRONJ is higher 
than that for maxillary BRONJ [ 19 ,  28 ,  41 ] and it 
is more common at sites with thin overlying 
mucosa, such as exostoses, the sharp mylohyoid 
ridge, and the mandibular torus [ 2 ,  78 ]. 

 According to the literature, around 20 % [ 58 ], 
28 % [ 59 ], 33 % [ 61 ], and 57 % [ 56 ] of oral 
BRONJ can be “spontaneous BRONJ,” which 
means the absence of systemic or local risk 
 factors or co-morbidities in BRONJ develop-
ment. Further studies are needed for this type of 
BRONJ. Some authors have reported that osteo-
necrosis does not begin with aseptic necrosis, but 
is in fact “osteomyelitis from the very beginning” 
[ 79 ]. However, the presence of this spontaneous 
BRONJ supports the theory, at least in part, that 
osteonecrosis is primarily an aseptic process and 
that an infection develops afterward [ 80 ,  81 ].  

    Host Factor 

 Age has been suggested to be one of the risk fac-
tors for BRONJ in malignant bone disease [ 29 , 
 40 ,  45 ,  82 ]. Each additional year of life increases 
the risk by 1.1 times [ 45 ]. However, a report has 
shown that after statistical adjustment, old age 
did not increase the BRONJ risk in a cohort study 
[ 44 ]. Gender was not signifi cantly associated 
with BRONJ [ 2 ]. Smoking has been proposed to 
be a signifi cant risk factor [ 32 ,  66 ]. Obesity has 
also been suggested to be a risk factor [ 66 ]. 
Sedghizadeh et al. [ 83 ] carried out a pharmacoki-
netic study and showed that Asians are more sus-
ceptible to BRONJ than Caucasians, Hispanics, 
and African–Americans. The authors suggested 
that Asians have a lower body weight, and a 
smaller skeletal compartment that might result in 
drug accumulation and thereby, higher concen-
trations over time, as well as increased toxicity. 
However, there is no consensus on the reported 
risk factors related to these host factors.  

    Genetic Risk Factors 

 Various factors have been suggested to be related 
to BRONJ development. A possible associa-
tion with genetic factors has also been proposed 
by several investigators. Several genome-wide 

 association studies [ 84 ,  85 ] have proposed that 
the single nucleotide polymorphism (SNP) of 
the cytochrome P450, the subfamily of the 2C 
polypeptide 8 (CYP2C8, rs1934951), in multiple 
myeloma patients, showed a signifi cant associa-
tion with BRONJ. CYP2C8 is mainly expressed 
in the liver and known to be related to drug 
metabolism and clearance [ 86 ]. However, other 
researchers could not fi nd such a relationship 
between BRONJ and CYP2C8 SNP [ 87 ,  88 ]. 
This inconsistency might be attributed to the fun-
damental limitation in collecting homogeneous 
case and control groups. Another genetic poly-
morphism in the RBMS3 (rs17024608) gene was 
suggested to carry a high risk of BRONJ develop-
ment [ 89 ]. Because these genetic investigations 
need a large amount of genotyping to increase the 
statistical power, further large genetic studies are 
needed to identify susceptible genes involved in 
BRONJ development.  

    Surrogate Markers for BRONJ Risk 

 Bone remodeling is the combined process of bone 
resorption and bone formation. Prevention of 
skeletal-related events (SRE) of BP is  attributed 
to reduced bone remodeling rather than bone 
formation [ 63 ]. Various bone turnover mark-
ers, such as CTX (C-terminal telopeptide), NTX 
(N-terminal telopeptide), PYD (pyridinoline), 
DPD (deoxypyridinoline), and P1NP (N-terminal 
propeptide of type 1 procollagen) are now widely 
used in clinical practice to diagnose specifi c bone 
diseases [ 90 ]. In particular, serum bone resorp-
tion markers have been utilized to determine the 
guidelines for osteoporosis treatment with BPs 
[ 91 ,  92 ]. BP treatment decreases bone turnover to 
60–70 % below the baseline level [ 93 ]. 

 It has been proposed that over-suppression 
of bone turnover may be related to the develop-
ment of BRONJ [ 60 ] and bone turnover mark-
ers such as CTX have been recommended to 
determine the risk for BRONJ or to determine 
treatment options [ 60 ,  94 ]. Other reports also 
mentioned that CTX may be used for risk assess-
ment [ 95 ]. However, these previous results were 
based on case series without a control group. 
Kunchur et al. [ 96 ] fi rst reported the results of 
a case– control study. They reported that a CTX 
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value of < 150 pg/ml did not correlate with the 
clinical risk factors of age, gender, co-morbid-
ities, bone disease, or bisphosphonate duration, 
but stated that CTX can refl ect a “risk zone 
(<150–200 pg/ml)” because the initial CTX 
values of BRONJ at the time of diagnosis were 
less than 200 pg/ml. If these are true, the CTX 
values can be used for assessing BRONJ risk 
and guidelines for a drug holiday, which may 
be benefi cial in preventing BRONJ. However, 
various researchers greatly criticize the use of 
CTX as BRONJ marker, and their opinions have 
been expressed as ‘letters to the editor’ [ 97 ], case 
reports [ 98 ], or review articles [ 90 ,  99 – 101 ]. 

 A recent case–control study with bisphos-
phonate patients reported that the serum CTX 
level has a limitation in showing BRONJ devel-
opment [ 102 ,  103 ]. According to data from the 
author’s hospital, CTX level after long-term BP 
treatment in the control patients was not sta-
tistically different from the BRONJ patients 
(Fig.  3.1 ). Kim et al. [ 102 ] carried out a case–
control study that compared 37 BRONJ patients 
with 37 age- and gender-matched control patients 
(BP cover > 24 months, but without ONJ). Along 
with osteocalcin, DPD, NTX, and bone-specifi c 

alkaline phosphatase, CTX value did not show 
any differences between the case and control 
groups. The result revealed that it is discouraged 
to use bone turnover markers for BRONJ risk 
estimation.

   Utilizing the surrogate markers of bone 
resorption to predict BRONJ risk has the follow-
ing limitations. First, systemic bone turnover 
markers cannot readily refl ect the maxillary and 
mandibular bone condition. Second, bone metas-
tasis infl uences the CTX level in cancer patients. 
Therefore, the CTX level in these cancer patients 
covering BP is infl uenced by both factors; the BP 
administration itself and the bone metastasis con-
dition [ 101 ,  104 ]. Third, according to histomor-
phometric analysis, some osteoporosis patients 
already show greatly suppressed bone remodel-
ing before BP treatment [ 105 ]. Therefore, based 
on the current data, use of the CTX value as a 
predictor of BRONJ risk or disease progression 
cannot be supported. 

 In summary, nitrogen-containing bisphospho-
nates, intravenous route of administration, higher 
dose and longer duration of intake, and dental 
infections/dental surgical treatments can be 
regarded as “known” risk factors. However, other 
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  Fig 3.1    The bisphosphonates-related osteonecrosis of 
the jaw (BRONJ) group ( n  = 55, age 72.9 ± 7.3) comprised 
patients treated with oral bisphosphonates for postmeno-
pausal osteoporosis who developed osteonecrosis of the 
jaw (ONJ) between January 2004 and December 2010 
at the Department of Oral and Maxillofacial Surgery 
at Kyungpook National University Hospital. The con-
trol group ( n  = 85, age 71.6 ± 7.6) was treated with oral 
bisphosphonates (BPs) for osteoporosis at the Department 
of Orthopedics, but did not have any signs or symptoms 

of jaw necrosis. Biochemical markers of BRONJ patients 
at the time of diagnosis ( yellow bar ) compared with the 
control patients before (Pre) and 6, 18, 30, and 42 months 
after oral bisphosphonate (alendronate, risedronate, 
pamidronate, and ibandronate) administration ( empty 
bars ).  CTX  C-terminal telopeptide of collagen type I, 
 bALP  bone-specifi c alkaline phosphatase. (**  p  < 0.01, 
Comparison between BRONJ patients and individual 
time points of the control group (Reprinted with kind 
 permission of Springer Science + Business Media))       
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risk factors, particularly associated with oral 
BP-related ONJ, need further study with more 
sophisticated scientifi c investigation. Up to now, 
there has been no evidence for using bone 
 resorption markers to predict BRONJ risk.   

    Risk Factors for Denosumab- 
Related ONJ 

 Denosumab is a human monoclonal antibody 
against the receptor activator of nuclear factor 
kappa-B ligand (RANKL). Denosumab inhibits 
the RANKL, an important mediator of osteo-
clastic differentiation [ 106 ]. As an antiresorptive 
agent, denosumab reduces osteoclastogenesis 
and is widely used for the treatment of meta-
static bone disease and osteoporosis [ 107 – 110 ]. 
It had been proposed that inhibition of RANK–
RANKL interaction by denosumab may also 
infl uence monocyte migration and decrease cell 
survival [ 111 ], which may be related to ONJ 
development. However, the exact similarities and 
difference between the BRONJ and denosumab-
related ONJ (DRONJ) have not yet been clearly 
understood. 

 Denosumab is usually administered via sub-
cutaneous injection of 60 mg every 6 months (for 
osteoporosis or prevention of skeletal-related 
events (SRE)) or 120 mg monthly (for oncologi-
cal conditions or bone metastasis). Unlike 
bisphosphonates, denosumab is not incorporated 
into the bone matrix and has a relatively short 
half life. Even though the denosumab shows the 
higher effi cacy in preventing skeletally related 
events and a lower rate of renal complications in 
cancer patients, the occurrence of the ONJ was 
similar (zoledronate 1.3 %, denosumab 1.8 %) 
[ 112 ] or rather higher but not statistically signifi -
cantly higher (zoledronate 1 %, denosumab 2 %) 
[ 107 ] than in zoledronate-treated patients. 

 The reported incidence of DRONJ ranges 
from 0 % to 4.7 % [ 112 – 116 ]. In a recent meta- 
analysis of seven randomized controlled trials for 
8,963 patients with solid tumors, such as prostate 
or breast cancer, the overall incidence of DRONJ 
was 1.7 % (95 % CI, 0.9–3.1 %). Denosumab 
administration increased the risk of ONJ devel-
opment compared with a control placebo group 

(RR 16.28, 95 % CI: 1.68–158.05,  p  = 0.017), 
although the increase in risk between denosumab 
and bisphosphonates was not statistically signifi -
cant (RR 1.48, 95 % CI: 0.96–2.29,  p  = 0.078) 
[ 117 ]. However, denosumab (60 mg) treatment 
every 6 months for prostate cancer patients did 
not result in any ONJ development (DRONJ, 
 n  = 0/1,468 patients) [ 115 ]. Another study also 
showed a very low incidence of ONJ ( n  = 2/2,207) 
after 60 mg of denosumab every 6 months for 
2 years in patients with postmenopausal osteopo-
rosis [ 118 ]. 

 According to the analysis of 37 cases of 
BRONJ (zoledronate) and 52 cases of DRONJ, 
related oral events were tooth extraction (64.9 % 
in BRONJ, 59.6 % in DRONJ) and oral infection 
(45.9 % in BRONJ, 50.0 % in DRONJ). The 
mandible carried a higher risk than the maxilla 
(mandible:maxilla = 83.8 %:13.5 % in BRON, 
65.4 %:28.8 % in DRONJ). The cumulative inci-
dence of DRONJ was 0.8 % in the fi rst year, 
1.8 % in the second year, and 1.8 % in the third 
year, which was slightly higher but not statisti-
cally signifi cantly higher than for BRONJ [ 116 ]. 
Denosumab for the treatment of giant cell tumors 
of the bone resulted in 1 % ( n  = 3/281) ONJ, 
which occurred roughly 13–20 months after 
treatment initiation [ 119 ]. 

 Based on the limited number of studies in the 
current literature, the oncological dose of deno-
sumab (monthly 120 mg), the intraoral surgical 
trauma, and the local site (mandible) may be 
suggested to be risk factors related to DRONJ. 
Therefore, the related risk factors for DRONJ 
may not be signifi cantly different from those for 
BRONJ. Further investigation is needed to clar-
ify the risk factors related to these antiresorptive 
drugs to minimize ONJ after drug administration. 

 In the process of malignant tumor develop-
ment, angiogenesis is critical for tumor growth, 
infi ltration, and distant/regional metastasis [ 121 ]. 
Recently, angiogenic inhibitors targeting the vas-
cular endothelial growth factors (VEGF) with 
tyrosine kinase inhibitors (TKIs), monoclonal 
antibody or mammalian target of rapamycin 
(mTOR) pathway are used for chemotherapeutic 
agents to treat advanced carcinoma or metastatic 
bone disease [ 122 ]. Recombinant monoclonal 
immunoglobulin antibody, bevacizumab, blocks 
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the all isoforms of VEGF-A and can suppress 
cancer progression and bone metastasis [ 123 ]. 
Tyrosine kinas inhibitor such as sunitinib or 
sorafenib inhibits neoangiogenesis by target-
ing the VEGF receptors, platelet-derived growth 
factor receptors (PDGFR), macrophage colony-
stimulating factor (M-CSF) and other signaling 
pathways [ 124 ]. Inhibitors of mTOR, sirolimus 
or everolimus, also suppress angiogenesis and are 
frequently used for advanced or metastatic carci-
noma [ 125 ]. These antiangiogenic agents were 
approved for various cancers such as renal cell 
carcinoma with or without metastasis, gastroin-
testinal stromal tumors or metastatic colorectal 
carcinoma [ 126 ]. 

 There are several clinical investigations and 
case reports of ONJ in patients treated with these 
antiangiogenic agents for chemotherapeutic med-
ication. After fi rst report of bevacizumab-related 
ONJ in 2008 [ 127 ], various case reports had been 
published ONJ after bevacizumab administra-
tion without association with BPs [ 128 – 131 ]. 
According to the randomized, prospective clini-
cal trials from Guarneri et al. [ 128 ], the ONJ 
incidence were 0.2% in bevacizumab treatment 
and 0.9% in combined BP and bevacizumab 
administration for breast cancer patients. Other 
case series reported four ONJ cases after com-
bined use of BPs with bevacizumab or sunitinib 
out of 22 patients who had been treated with this 
combination therapy (16% of incidence) [ 132 ]. It 
had been suggested increased incidence of ONJ 
after concomitant BP and sunitinib based on the 
clinical cases [ 133 ] or on retrospective review of 
46 patients [ 122 ]. The ONJ incidence after com-
bined BP and TKIs were 0% (n = 0/35) [ 134 ] 
to 10% (n = 5/52)[ 135 ]. ONJ development only 
after sunitinib application without BPs had also 
been reported [ 124 ,  136 ,  137 ]. mTOR inhibitor 
everolimus was also reported to be related with 
ONJ [ 138 ]. Therefore, recent AAOMS position 
paper on MRONJ (2014) suggested potential risk 
of TKIs and VEGF inhibitors in the development 
of ONJ without concomitant BP administration 
[ 24 ]. It had been suggested that these antiangio-
genic agents can disrupt oral epithelium or sup-
press angiogenic signal-dependent osteoclast 
function [ 139 ]. Also, these agents possibly infl u-

ence the host immune response and may interfere 
local immune response [ 126 ]. 

 It is unclear to defi ne the factors increasing the 
risk of ONJ after antiangiogenic agents because 
of the short survival rate and drug-administration 
period of the patients with advanced cancer. 
Therefore, increased or prolonged administration 
of antiangiogenic agents does not directly mean 
high risk of ONJ [ 128 ]. Patients with antiangio-
genic agent-related frequently has a history of 
dental extraction [ 123 ,  132 ,  140 ]. However, dental 
examination had not been carried out before che-
motherapy [ 135 ] or there was absence of dental 
predisposing factors in many patients [ 127 – 131 ]. 
In current, exact risk factors for antiangiogenic 
agent-relate ONJ cannot be accessible because of 
the lack of high level of evidence-based study in 
the literatures. Since the patients developed ONJ 
showed signifi cantly higher survival than with-
out ONJ after using these agents [ 122 ], the ONJ 
risk and survival benefi t need to be considered in 
these advanced cancer patients.  

    Conclusions 

 Dose, duration of intake, and intravenous 
route of administration of nitrogen-containing 
bisphosphonates as well as dental infections 
and dento- alveolar surgical procedures can be 
regarded as risk factors for MRONJ develop-
ment. Oncological dosing, dental infections, 
and dento-alveolar surgeries also seem to be 
risk factors for the development of ONJ under 
denosumab treatment.     
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        First Description 

 Bisphosphonates and denosumab are the most 
widely used classes of antiresorptive drugs in 
the management of osteoporosis and metastatic 
bone disease. Generally, they are well tolerated. 
However, in 2001 the fi rst cases of jaw bone expo-
sure that occurred after intravenous treatment with 
bisphosphonates were reported to the American 
Food and Drug Administration (FDA) by Ruggiero. 
In 2003 the fi rst scientifi c publications emerged 
which initially described an avascular necrosis that 
occurred predominantly after intravenous treatment 
with  nitrogen- containing bisphosphonates [ 1 – 3 ]. 
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  4      Defi nition, Clinical Features 
and Staging of Medication-Related 
Osteonecrosis of the Jaw 
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    Abstract  

  Medication-related osteonecrosis of jaw (MRONJ) has become a well-
known side effect of bisphosphonate therapy which predominantly occurs 
in patients suffering from malignant diseases who receive intravenous 
administrations of nitrogen-containing bisphosphonates. More recently, 
similar problems have been described after treatment with denosumab. 

 The majority of ONJ cases under bisphosphonate treatment occurred 
in the mandible (around 2/3 of the cases) with a predilection for the molar 
and premolar regions in both jaws. Besides exposed necrotic bone, pain 
and swelling of the surrounding soft tissues as well as intra- or extra-oral 
sinus tracts are typical signs of MRONJ. Furthermore, complications like 
abscess formation, pathological fractures, sinusitis and impairment of 
inferior alveolar nerve function might occur. Staging of MRONJ is usually 
performed according to the recommendations of the American Association 
of Oral and Maxillofacial Surgeons.  
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Notably the subtitle of one of these publications was 
“a growing epidemic” [ 1 ]. As    soon as in 2004, a case 
series encompassing 63 cases of jaw bone osteone-
crosis under bisphosphonate treatment in only one 
Department of Oral and Maxillofacial Surgery was 
published [ 4 ] and proofed that the  abovementioned 
subtitle was true. This side effect of especially 
nitrogen- containing bisphosphonates was later 
referred to as bisphosphonate- related osteonecrosis 
of the jaws (BRONJ) and became a major problem 
of rising clinical importance around the world. 

 Soon after the market introduction of deno-
sumab as an alternative antiresorptive drug, 
similar problems of exposed necrotic bone in 
the maxillofacial region occurred [ 5 ,  6 ]. Within 
the past few years, increasing numbers of ONJ 
cases under denosumab treatment have been 
reported [ 7 ,  8 ]. Seemingly, the prevalence rates 
of ONJ under intravenous nitrogen-containing 
bisphosphonates and denosumab treatment in the 
oncological setting are in a comparable order of 
magnitude [ 7 ,  9 ,  10 ]. Given the increasing num-
ber of denosumab applications for metastatic 
bone disease as well as osteoporosis, this has the 
potential to become a major clinical problem in 
the near future. Due to the fact that osteonecro-
sis of the jaws can occur under treatment with 
bisphosphonates as well as denosumab, the ter-
minology medication-related ostenecrosis of 
the jaw has been introduced by the American 
Association of Oral and Maxillofacial Surgeons 
(AAOMS 2014) [ 11 ].  

    Defi nition 

 According to the American Association of Oral 
and Maxillofacial Surgeons special commitee on 
medication-related osteonecrosis of the jaws, diag-
nosis is made by the following criteria [ 11 ,  12 ]:
    (a)    Presence of exposed bone (or bone that can 

be probed through an intraoral or extraoral 
fi stula) in the maxillofacial region over a 
period of 8 weeks   

   (b)    Current or previous treatment with antire-
sorptive (bisphosphonates or denosumab) or 
antiangiogenic agents   

   (c)    No history of radiation therapy to the jaws or 
obvious metastatic disease to the jaws.     

 This refl ects the criteria of the recently updated 
position paper of the AAOMS 2014. Table  4.1  
provides a comparison between the defi nition of 
bisphonate-related osteonecrosis of the jaw 
(AAOMS 2009) and the updated defi nition of 
medication-related ostenecrosis of the jaw 
(AAOMS 2014). 

However, histological criteria are not yet part 
of the defi nition, but histological investigation is 
strongly recommended whenever bone parts are 
resected and whenever the diagnosis is uncertain 
(see chapter 12 Histopathology of Medication-
Related Osteonecrosis of the jaw). With regard to 
the fact that the vast majority of MRONJ patients 
suffer from a malignant  underlying disease, 
exclusion of metastases in the jaw bone can be of 
crucial importance [ 13 ,  14 ].  

    General Characteristics 

 In the vast majority of MRONJ cases, the admin-
istration of bisphosphonates or denosumab is 
due to a malignant underlying disease, espe-
cially breast cancer, prostate cancer and multi-
ple myeloma [ 15 – 17 ]. However, depending on 
the underlying patient cohort, there is also a sig-
nifi cant proportion of cases with osteoporosis 
being the underlying disease [ 17 ,  18 ]. The over-
whelming majority of MRONJ cases occurred 

   Table 4.1    Defi nition: BRONJ (Bisphosphonate-Related 
Osteonecrosis of the Jaw) versus MRONJ (Medication-
Related Osteonecrosis of the Jaw) [ 11 ] (Reprinted with 
kind permission of Elsevier)   

 BRONJ (AAOMS 2009) 
defi nition 

 MRONJ (AAOMS 2014) 
defi nition 

 1.  Current or previous 
treatment with 
bisphosphonates 

 1. Current or previous 
treatment with 
antiresorptive or 
antiangiogenic agents 

 2.  Exposed bone in the 
maxillofacial region 
that has persisted for 
more than 8 weeks 

 2.  Exposed bone  or bone 
that can be probed 
through an intraoral or 
extraoral fi stula(e)  in the 
maxillofacial region that 
has persisted for more 
than 8 weeks 

 3.  No history of radiation 
therapy to the jaws 

 3.  No history of radiation 
therapy to the jaws  or 
obvious metastatic 
disease to the jaws  
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after long-term intravenous administration of 
nitrogen-containing bisphosphonates [ 19 – 21 ]. 
Less often MRONJ occurs after oral administra-
tion of nitrogen- containing bisphosphonates 
[ 18 ,  22 ,  23 ]. 

 Due to the abovementioned underlying dis-
eases, a lot of MRONJ patients suffer from co- 
morbidities such as manifest bone metastasis 
(77.3 %) or metastases in organs other than bone. 
Therefore, a signifi cant number of MRONJ 
patients have experienced chemotherapy or are 
currently under chemotherapy (72.7 %), or they 
receive co-medications such as steroids or anti- 
angiogenic drugs. Apart from that, there are also 
a signifi cant proportion of cases with diabetes 
and vascular diseases [ 24 ]. All of these circum-
stances can contribute to a complication of the 
disease as well as interfere with the treatment 
modalities [ 16 ].  

    Clinical Features 

 Exposed necrotic bone represents the clinical hall-
mark of the disease. It is present in the vast major-
ity of MRONJ cases (up to 93.9 %) [ 16 ]. The 
extent of bone exposure can vary considerably – 
from only small bony edges (Fig.  4.1 ) over tooth 
sockets (Fig.  4.2 ) to whole parts of the jaw bone 
(Fig.  4.3 ). However, the extent of bone exposure is 
not directly related to the extent of underlying 
necrosis nor to the severity of the disease (Fig.  4.4 ).

  Fig. 4.1    A 75-year-old male patient with an initial diag-
nosis of prostate cancer, receiving zoledronate every 
4 weeks intravenously over a period of 25 months. 
Preoperative view on the affected area in the right side 
maxilla showing small bony edges of the necrotic bone 
(MRONJ stage I)       

  Fig. 4.2    A 71-year-old male patient with an initial diagnosis 
of renal cancer, receiving monthly oral therapy of alendronate 
over a period of 34 months. Preoperative view on the affected 
area in the right side mandible in region 41 showing surround-
ing areas of the necrotic bone which were clinically accompa-
nied by pain and signs of infection (MRONJ stage II)       

  Fig. 4.3    A 64-year-old female patient with an initial 
diagnosis of breast cancer, receiving monthly intravenous 
therapy of zoledronate over a period of 92 months. 
Preoperative view on the affected area in the left side 
mandible in region 035–037 showing extended areas of 
the necrotic bone. Besides, the patient had a second 
affected area of necrotic bone in the right side maxilla in 
region 011–014 (Fig.  4.8 ) (MRONJ stage II)       

  Fig. 4.4    Same patient as in Fig.  4.1 . Intraoperative view 
on the affected area in the right side maxilla showing the 
extension of the necrotic bone (MRONJ stage I)       
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      Signs of infection such as soft tissue swelling, 
suppuration and intra- or extra-oral draining sinus 
tracts are often present and even local abscesses 
can occur (Table  4.2 ). When superinfection of the 
necrotic tissues occurs, patients can suffer from 
severe pain, although this condition is not obliga-
tory, and interestingly a signifi cant proportion of 
patients have no pain at all (Table  4.2 ). In severe 
cases local infections might develop into abscesses 
of the deep spaces of the head and neck with 

potentially life-threatening characteristic [ 25 ,  26 ]. 
Even abscess formations in the brain secondary to 
MRONJ have been described. In rare cases, even 
septic systemic infections might occur [ 27 ].

    A rare but typical symptom only occurring in the 
mandible is impairment of inferior alveolar nerve 
function due to MRONJ, often referred to as Vincent 
or numb chin symptom [ 28 ,  29 ]. Interestingly, this 
can be an early or even be the presenting symptom 
of the disease but can also occur in advanced stages 
of MRONJ [ 28 ,  29 ]. Depending on the affected area 
local infl ammatory processes, sequestration or 
pathological fractures of the mandible might induce 
these symptoms showing up with numbness of the 
lower lip and chin, the gingiva and the teeth [ 29 , 
 30 ]. However, as impairment of inferior alveolar 
nerve function can as well be a sign of metastatic 
infi ltration (e.g. jaw bone metastasis), histological 
evaluation is strongly recommended [ 14 ,  28 ]. 

 Severe functional and therapeutic problems 
can be caused by extended osteonecrosis of the 
jaws with pathological fractures of the mandible 
(see Fig.  4.5 ). It can occur due to structural weak-
ening of the bone or following extensive resection 
of necrotic bone areas [ 31 ]. The frequency was 
observed to be 2.9–3.8 % of MRONJ cases, and 
it is by defi nition referred to stage 3 of MRONJ 
according to the AAOMS [ 11 ]. Treatment of 
 pathological fractures due to MRONJ is particu-
larly diffi cult and controversially discussed [ 31 ].

a b

  Fig. 4.5    ( a ,  b ) Pathological fracture due to medication-
related osteonecrosis of the jaw in a 65-year-old female 
patient suffering from metastatic breast cancer who was 
treated with intravenous administrations of nitrogen-con-
taining bisphosphonates (zoledronate). ( a ) Intraoral view 
with a large area of exposed necrotic bone and sign of mas-

sive superinfection (swelling, pus) and a visible fracture of 
the mandible with mobile segments. ( b ) Panoramic radio-
graph of the patient with a mixed radiolucent and radi-
opaque appearance and a visible fracture line on the right 
mandibular body (Reprinted from Otto et al. [ 31 ] with kind 
permission of Thieme (© Georg Thieme Verlag KG.))        

    Table 4.2    Clinical presentation of MRONJ   

 Clinical presentation 
 Prevalence 
( n ) 

 Percentage 
(%) 

 Exposed bone  62  93.9 
 Pain  52  78.8 
 Wound healing 
disturbances 

 45  68.2 

 Swelling  34  51.5 
 Infl ammation  42  63.6 
 Fistula formation  27  40.9 
 Pathological mandibular 
fractures 

 3  4.5 

 Impairment of inferior 
alveolar nerve 

 6  9.1 

 Involvement of maxillary 
sinus 

 11  16.7 

  Sinusitis  (11)  (16.7) 
   Oroantral fi stula 

formation 
 (5)  (7.6) 

  According to Otto et al. [ 16 ]  
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a b

c d

  Fig. 4.6    ( a ) Clinical presentation of a MRONJ stage III 
lesion in the left upper jaw of a 76-year-old female 
patient suffering from osteoporosis who was treated 
with alendronate (70 mg weekly) for 6 years and devel-
oped exposed necrotic bone after tooth extractions. ( b , 
 c ) Preoperative coronal and axial sections of a cone 

beam CT showing signs of incomplete sequestration in 
the left upper jaw, palate and sinus wall ( white arrows ) 
as well as radiopacity of the left maxillary sinus. ( d ) 
Intraoperative view after exposure of the left upper jaw 
and before sequestrectomy and removal of necrotic 
bone parts       

   In the upper jaw which is involved in approxi-
mately 1/3 of the ONJ cases under bisphospho-
nate treatment [ 23 ,  24 ], the course of the disease 
can be complicated by maxillary sinusitis or oro-
antral and in rare cases even oronasal communi-
cations. Sinusitic complaints are described in up 
to 40 % of the MRONJ cases in the maxilla [ 32 ]. 
Oroantral communications can occur due to the 
disease itself or in the course of surgical treat-
ment [ 24 ,  32 ] (Fig   .  4.6 ).

   Further symptoms, associated with MRONJ, 
are loosening of teeth, due to alterations inside 
necrotic bone areas [ 33 ,  34 ], and halitosis, due to 
bacterial infl ammation [ 34 ,  35 ]. Loosening of 
teeth might be estimated as a cause for progress 
of the necrotic lesion. 

 Based on undergoing changes in necrotic 
bone areas and surrounding soft tissues, symp-
toms such as halitosis are commonly found in 
patients suffering from MRONJ [ 34 ,  36 ]. This 
might also be the result of bacterial colonisation 
of the affected regions, usually combined with a 
non- sterile infection of the bone and surround-
ing soft tissues. Pre-existing periodontitis as an 
infl ammatory disease of the periodontium might 
be a contributory cause, occurring in 71–84 % 
of MRONJ cases [ 37 – 40 ]. In those cases, spe-
cifi c bacteria, such as  Porphyromonas gingivalis , 
 Treponema denticola ,  Tannerella forsythia , and 
 Aggregatibacter  actinomycetemcomitans , are 
found in smear test of oral polymicrobial bio-
fi lms [ 41 ]. 
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 Dental, oral and maxillofacial complica-
tions found in patients with MRONJ are mis-
cellaneous. They    might arise from progression 
of the disease or as a consequence of treatment 
modalities, thus resulting in functional prob-
lems, such as impairment of chewing, loss of 
teeth sustaining bone areas and limited reha-
bilitation of chewing function. Besides, aes-
thetic restrictions might occur, e.g. tooth loss, 
impairment of facial contours due to exten-
sive bone loss, deviation of the mandible after 
partly resections or permanently persistence of 
the oroantral  fi stula. Moreover, denture sore 
mouths,  insuffi cient wound healing and drug-
induced mucositis can occur [ 36 ]. 

 Based on the accompanying occurrences due 
to osteonecrotic lesions, problems such as 
chewing disorders, ulcerated, painful and swol-
len oral mucosa; chronic sinus tracts and facial 
disfi gurement; impaired speech, swallowing 
and eating; and/or frequent medical and dental 
evaluations as well as treatments may cause 
marked limitations in quality of life [ 42 – 45 ]. 
Recent studies have tried to analyze this poten-
tial negative impact on quality of life, caused 
by already mentioned complications in stages 
1–3 [ 46 – 50 ]. Miksad et al. evaluated this on 
patients suffering from MRONJ and described 
signifi cant reductions in quality of life. 
Especially in advanced stages, the quality of 
life can be markedly reduced [ 51 ].  

    Staging According to the AAOMS 
2007, 2009 and 2014 [ 11 ,  12 ] 

 In 2007 the American Association of Oral and 
Maxillofacial Surgeons introduced a staging of 
MRONJ cases (at this time called BRONJ) from 
stage 1 to stage 3 depending on bone exposure 
and absence or presence of signs of infection and 
stage 3 being the stage of complications [ 12 ]:
   Stage 1: Exposed necrotic bone with no pain and 

no signs of infection  
  Stage 2: Exposed necrotic bone with pain and 

clinical evidence of infection  
  Stage 3: Exposed necrotic bone with pain, infec-

tion and one or more of the following:

  Fig. 4.7    Stage 1 MRONJ lesion of the lingual aspect of 
the right mandible which occurred in an 81-year-old 
patient suffering from breast cancer which was treated 
with intravenous administrations of nitrogen-containing 
bisphosphonates (zoledronate)       

  Fig. 4.9    A 73-year-old patient suffering from breast can-
cer who received intravenous administrations of nitrogen- 
containing bisphosphonates (zoledronate) who presented 
with an osteonecrotic lesions with extension to the fl oor of 
the nose and involvement of the left maxillary sinus 
(MRONJ stage III). The lesion was so painful that the 
patient could not remove the prosthesis for several weeks       

  Fig. 4.8    Same patient as in Fig.  4.3 . Intraoperative view on 
the affected area in the right side maxilla in region 011–014 
showing widely the necrotic bone (MRONJ stage II)       

 

 

 

S. Otto et al.



49

•    Necrotic bone extending the alveolar bone 
to the inferior border or ramus in the man-
dible or to the maxillary sinus or zygoma  

•   Pathological fracture of the mandible  
•   Oroantral or oronasal communication  
•   Extraoral fi stula formation (Fig.  4.7 ,  4.8  

and  4.9 )

               Stage 0 

 With regard to the fact that jaw bone necrosis 
can occur even when there is no bone exposure 
in 2009, a stage 0 was defi ned by the AAOMS 
which was confi rmed in 2014. Stage 0 is defi ned 
as the presence of necrotic bone underneath nor-
mal  epithelial coverage of the oral soft tissues 
[ 52 ]. As described by several authors, this type of 
MRONJ (at this time called BRONJ) combines 
clinical features and symptoms, such as jaw bone 
pain, gingival swelling, and bone enlargement, 
with the absence of dental disease and necrotic 
bone exposure [ 53 – 56 ]. Radiological signs 
of stage 0 might contain osteosclerosis in the 
symptomatic bone areas, periradicular radiolu-
cencies, persisting alveolar sockets, and density 
confl uence of cortical and cancellous bone [ 56 ]. 
Usually, surgical procedures at stage 0 are not 
indicated; nonetheless   , some authors report sur-
gical sequestrectomy and surgical debridement 
next to antibiotic therapy and antimicrobial rinse 

with the result of complete mucosal coverage 
[ 57 ] (Fig.  4.10 ) (Table  4.3 ) [ 11 ].

       Localisation 

 Approximately two thirds of all reported ONJ 
cases under bisphosphonate treatment occurred 
in the mandible, whereas only one third were 
localised in the maxilla [ 5 ,  16 ,  17 ,  23 ]. Potential 
reasons for this predisposition of the mandible 
might be the different vascularity of the mandible 
and maxilla and the different relation between 
cortical and spongious bone. Up to now there is 
no such data with regard to the distribution of 
ONJ cases under denosumab treatment available. 

 But there is also a characteristic distribution of 
MRONJ lesions within the jaws with a predilec-
tion for the molar and premolar region (Fig.  4.11 ) 
in the mandible as well as in the maxilla [ 16 ,  17 ]. 
With regard to the potential role of local 
infections in the pathogenesis of the disease (see 
chapter 13 Pathogenesis of Medication-Related 
Osteonecrosis of the Jaw), this might be due to 
larger root surfaces in these areas and the likeli-
hood of local dental (endodontic or periodontal) 
infections and the frequency of dentoalveolar sur-
geries in these areas. Besides that there seems to 
be a predisposition for MRONJ in areas with thin 
mucosal layers, especially in the lingual aspects 
of the mandible and in the area of tori (Fig.  4.12 ).

a b

  Fig. 4.10    ( a ) Clinical presentation of a 51-year-old 
female patient suffering from breast cancer after intrave-
nous treatment with nitrogen-containing bisphosphonates 
(zoledronate) who developed complaints (pain) in the left 
mandible without bone exposure after a tooth extraction 

(referring to stage 0 of the AAOMS 2009 and 2014). ( b ) 
Panoramic radiograph of the same patient showing bone 
sclerosis in the left mandible (region 36/37) and an incom-
plete remodelling of the extraction alveolus region 36       
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   Table 4.3    Staging of BRONJ/MRONJ according to AAOMS 2009 and 2014 update [ 11 ] (Reprinted with kind permis-
sion of Elsevier)   

 2009 AAOMS staging  2014 AAOMS staging 

 At risk  No apparent necrotic bone in patients who 
have been treated with either oral or IV BP 

 No changes 

 Stage 0  No clinical evidence of necrotic bone, but 
nonspecifi c clinical fi ndings and symptoms 

 No changes 

 Stage 1  Exposed and necrotic bone in asymptomatic 
patients without evidence of infection 

 Exposed and necrotic bone , or fi stulae that probes to 
bone,  in patients who are asymptomatic and have no 
evidence of infection 

 Stage 2  Exposed and necrotic bone associated with 
infection as evidenced by pain and erythema 
in region of exposed bone with or without 
purulent drainage 

 Exposed and necrotic bone,  or fi stulae that probes to 
bone,  associated with infection as evidenced by pain 
and erythema in the region of the exposed bone with or 
without purulent drainage 

 Stage 3  Exposed and necrotic bone in patients with 
pain, infection, and one or more of the 
following: exposed and necrotic bone 
extending beyond the region of alveolar 
bone, (i.e., inferior border and ramus in the 
mandible, maxillary sinus and zygoma in 
the maxilla) resulting in pathologic fracture, 
extraoral fi stula, oral antral/oral nasal 
communication, or osteolysis extending 
to the inferior border of the mandible 
or the sinus fl oor 

 Exposed and necrotic bone  or a fi stula that probes to 
bone  in patients with pain, infection, and one or more 
of the following: exposed and necrotic bone extending 
beyond the region of alveolar bone, (i.e., inferior border 
and ramus in the mandible, maxillary sinus and zygoma 
in the maxilla) resulting in pathologic fracture, 
extra-oral fi stula, oral antral/oral nasal communication, 
or osteolysis extending to the inferior border of the 
mandible of sinus fl oor 
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  Fig. 4.11    Distribution of MRONJ lesions in the jaw bones (Reprinted from Otto et al. [ 16 ] with kind permission of Elsevier)       
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         Medication-Related Osteonecrosis 
Occurring Outside the Oral Cavity 

 In literature only few cases have been described, 
where osteonecrosis occurred in other locations 
 outside the oral cavity. One case reports about a 
64-year-old male patient, treated with zoledronic 
acid due to multiple myeloma, who presented pain-
ful, non-healing sockets after left-sided tooth 
extractions with periodontal necrosis and forma-
tion of a sequestrum. During re-examination after 6 
months, the same patient revealed painless ulcer-
ation of the left auditory canal, and further radio-
logical examinations and local debridement verifi ed 
the diagnosis of medication-related osteonecrosis of 
the auditory canal [ 58 ]. The second case described 
was a 79-year-old female patient receiving oral 
bisphosphonates due to osteoporosis. This patient 
also developed an osteonecrosis inside the left 
auditory canal, verifi ed by CT scans and surgical 
debridement with histological examination [ 59 ].  

    Osteonecrosis of the Jaw 
due to RANKL Inhibitor 
(Denosumab) Treatment 

 In recent years, osteoporosis and metastatic bone 
disease have mostly been treated using nitrogen- 
containing bisphosphonates. But since 2010, an 
alternative drug called denosumab (Prolia ® ) has 

been approved for treatment in Europe 
( Committee for Medicinal Products for Human 
Use  (CHMP) by the  European Medicines Agency  
(EMA)) and in the United States ( Food and Drug 
Administration  (FDA)). Interestingly, denosumab 
as a subcutaneously dosed monoclonal antibody 
against RANK ligand (RANKL) shows similar 
side effects to zoledronic acid. One of the major 
complications is the comparable “denosumab- 
related osteonecrosis of the jaws” (DRONJ). 
Almost identical effects have been described for 
the treatment of breast and prostate cancers and 
multiple myeloma [ 7 ,  8 ,  60 ]. The complication of 
osteonecrosis of the jaws related to denosumab 
seems radiologically, clinically and histologi-
cally comparable. Results of a comparative study 
from 2013 could show that even the risk of devel-
opment of MRONJ (zoledronic acid = 1.1 %) and 
DRONJ (denosumab = 0.8 %) is approximately 
identical [ 61 ]. Intraoral affections of DRONJ 
appear in similar regions as in DRONJ (Fig.  4.13 ). 
Therefore, the special committee of the AAOMS 
2014 favors the term medication-related osteone-
crosis of the jaws [ 11 ].

       Conclusions 

 Osteonecrosis of the jaw due to bisphospho-
nate and denosumab treatment has become 
a well- known and clinically important entity 
which predominantly occurs in patients suf-
fering from malignant underlying diseases 
who received intravenous administrations 

  Fig. 4.12    A 50-year-old female patient with an initial 
diagnosis of breast cancer, receiving monthly intravenous 
therapy of zoledronate over a period of 35 months. 
Preoperative view on the affected area in the left side 
mandibular angle, showing widely the necrotic bone 
(MRONJ stage II)       

  Fig. 4.13    A 76-year-old female patient suffering from meta-
static breast cancer who received monthly subcutaneous 
administrations of denosumab 120 mg and developed 
exposed necrotic bone of the left upper jaw and sign of infec-
tion (pain, swelling, pus on palpation) after teeth extraction       
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of  nitrogen- containing bisphosphonates or 
subcutaneous administrations of denosumab. 
Exposed necrotic bone in the maxillofacial 
region is the clinical hallmark of the disease. 
In the majority of cases, it is accompanied by 
signs of infection such as pain, swelling of 
surrounding soft tissues or draining fi stulas. 
Further complications such as involvement of 
the maxillary sinus or pathological fractures 
of the mandible might occur in the course of 
the disease.  
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        Introduction 

 Bisphosphonates (BPs) are antiresorptive agents 
that have been used for decades. BPs are recom-
mended mainly for the treatment of metabolic 
bone diseases, such as osteoporosis and osteope-
nia [ 1 ], and for controlling skeletal complications 

associated with multiple myeloma and metastases 
of solid tumors to the bone [ 2 – 5 ]. However, the 
devastating side effect of osteonecrosis of the jaw 
in association with their use has been documented 
in the literature over the last decade [ 6 – 15 ]. 

 The mechanisms of action of BPs are dis-
cussed into detail in the pharmacology (see 
Chap.   1    ). Their main effect is inhibition of bone 
resorption by suppressing osteoclast activation 
and inducing osteoclast apoptosis [ 15 ,  16 ]. 
Theories dealing with the pathogenesis of osteo-
necrosis of the jaw (see pathogenesis chapter   13    ) 
are also discussing the anti-angiogenic nature of 
BPs, expressed by interference with endothelial 
cell proliferation [ 17 ]. Although no general agree-
ment has yet been reached regarding the mecha-
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    Abstract  

  Osteonecrosis of the jaw is a devastating side effect of long-term bisphos-
phonate (BP) use. We investigated epidemiological aspects of 
Bisphosphonate-related osteonecrosis of the jaws (BRONJ/MRONJ). 

 The epidemiology of BRONJ/MRONJ was divided according to the 
type of BPs and the route of administration: specifi cally, osteoporotic 
patients who are often administered oral BPs and cancer patients who pre-
dominantly receive intravenous BPs. 

 The prevalence of BRONJ/MRONJ with oral BP use was estimated as 
being between 0.01 and 0.05 %, and it was higher after dental extraction. 
The prevalence of BRONJ/MRONJ with intravenous BP administration 
reached as high as 10 %, with the highest prevalence observed among mul-
tiple myeloma patients and the lowest prevalence measured among breast 
cancer patients.  
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nism leading to osteonecrosis of the jaw, it is well 
recognized that the overall effect of BPs is reduced 
bone turnover. BPs are also known to cause 
delayed wound healing by the inhibition of prolif-
eration of fi broblasts and keratinocytes [ 18 ]. 

 Bisphosphonate-related osteonecrosis of the 
jaws (BRONJ) can develop either spontaneously or 
after triggering events, such as a dentoalveolar 
surgery in the form of tooth extraction and place-
ment of dental implants or a predispoding condi-
tion in the form of periodontitis, dentoalveolar 
abscess, or a poorly fi tted denture [ 7 – 12 ]. Given 
that a bone heavily laden with BPs has limited 
capabilities to cope with bone remodeling, which 
is required for the above-mentioned conditions 
affecting the oral osseous structure, raises the 
likelihood that they would be associated with a 
higher prevalence of BRONJ. 

 This chapter will describe the differences of 
prevalence of BRONJ depending on bisphospho-
nate type and route of administration as well as 
differences between so-called “spontaneous” 
development of BRONJ and after “triggering 
events” such as dentoalveolar surgical proce-
dures and local infections. First of all, a clear dis-
tinction must be made between those two patient 
populations. The former group is comprised of 
patients diagnosed as having osteoporosis or 
osteopenia who ingest mainly oral BPs (alendro-
nate or risedronate) on a weekly basis. The latter 
group is comprised of oncologic patients that are 
either in an advanced stage of disease in which 
bone metastases have occurred and need to be 
controlled or, alternatively, in patients with mul-
tiple myeloma, all of whom receive intravenous 
(IV) BPs (e.g., zoledronic acid or pamidronate) 
on a monthly basis. The major differences 
between the bioavailability of these drugs lead to 
the different prevalence of BRONJ. Specifi cally, 
the bioavailability of the oral BPs is markedly 
lower than that of the IV BPs, and the prevalence 
of BRONJ refl ects this difference [ 19 ]. As such, 
the prevalence of BRONJ in each of these two 
groups of patients will be dealt with separately. 

 Unfortunately, currently available informa-
tion on the overall prevalence of BRONJ is rela-
tively limited because it is mostly derived from 
anecdotal reports, case series from single insti-
tutions, sporadic reports to the Food and Drug 

Administration, and drug manufacturers’ data. 
The diagnosis of BRONJ is often not confi rmed 
by oral health care specialists. Moreover, these 
data are distorted by inconsistencies in defi ni-
tions as well by incomplete and possibly biased 
reporting. 

 It is safe to assume that there is major under-
reporting of the development of BRONJ, whether 
it might be due to the mildness of symptoms in 
cases of early stages of the disease and the subse-
quent failure of patients to seek medical consult 
or to the misdiagnosis by health providers who 
had not encountered BRONJ before. This feature 
is especially relevant for patients who are taking 
oral BPs and are not being monitored on a regular 
basis in medical centers, unlike patients who are 
receiving IV BPs and are routinely screened for 
side effects before each session of drug adminis-
tration. Thus, given the nature of the current 
sources of information, it is not possible to accu-
rately determine the prevalence or incidence rates 
of BRONJ development, and only estimations 
can be provided.  

    BRONJ Among Osteoporotic 
Patients on Oral Bisphosphonates 

 Elderly people comprise the fastest growing pop-
ulation in the world. About 20 % of the general 
population is over the age of 60 years in western 
countries [ 20 ]. Life expectancy is ~20 years for 
women aged 65 years and 17.5 years for men 
aged 65 years, and these fi gures of life expec-
tancy are continuously rising. Overall, 20–30 % 
of women and 5–20 % of men aged 50 years or 
older in the western population have osteoporo-
sis, and approximately 70 % of them will be 
treated at some point with oral BPs [ 21 – 23 ]. This 
increasing exposure to oral BPs place more peo-
ple at risk to develop BRONJ, making it a poten-
tial major public health issue. 

 The accumulation of data on the preva-
lence of BRONJ began with the fi rst reports of 
BRONJ in the late 2003 [ 7 ] and were mainly 
derived from information supplied by the manu-
facturer of alendronate, the most common oral 
BP (Merck, Whitehouse Station, NJ, USA). 
Merck’s fi rst report on the prevalence of BRONJ 
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emerged after 3 years’ accumulation of  dozens 
of reports in the published literature: the reported 
prevalence was 0.7:100,000 cases per drug 
patient-years in 2006 [ 24 ]. The fi rst large non-
commercially associated study that addressed 
the issue of BRONJ prevalence was performed 
in Australia and reported in 2007. BRONJ cases 
that had emerged between 2004 and 2005 were 
identifi ed primarily by a postal survey of the 
Australian Oral and Maxillofacial Surgeons, 
with additional cases from other dental special-
ists and the Commonwealth of Australia Adverse 
Drug Reaction Committee. The frequency of 
BRONJ in osteoporotic patients, mainly those on 
weekly oral alendronate, was between 0.01 and 
0.04 % patients, and the calculated frequency 
rose to 0.09–0.34 % among those who under-
went dental extractions [ 11 ]. A similar associa-
tion between a higher BRONJ prevalence and 
triggering events was found in further studies. 
One intra- institutional study from South Korea 
found 24 cases of BRONJ out of a total of 12,752 
patients on oral BPs: the prevalence of BRONJ 
was calculated as being 0.05 %, and only 20 % 
had developed spontaneously [ 25 ]. Another sur-
vey performed in south east Scotland was based 
on data that were accumulated between 2004 and 
2009. Those authors concluded that the preva-
lence of spontaneous development of BRONJ was 
0.017 % and that the prevalence of BRONJ after 
dental extraction was 0.03 % [ 26 ]. Other studies, 
however, were not able to confi rm the conclusion 
of there being a higher prevalence after triggering 
events. A large postal survey was conducted on 
patients with a history of chronic oral BP expo-
sure within a large integrated health care delivery 
system in northern California. Responders with 
oral symptoms were either examined or their 
medical records were inspected. A total of 8,572 
patients were surveyed, and a 0.055 % prevalence 
of spontaneous emergence of BRONJ was calcu-
lated, with only 0.044 % of the responders report-
ing a recent history of a dental extraction [ 27 ]. 

 One large retrospective cohort study from the 
USA identifi ed members via health insurance 
claim diagnosis codes and identifi ed potential 
cases of BRONJ that were confi rmed by a medi-
cal record review. Only 2 out of 8468 oral BPs 
consumers developed BRONJ, resulting in a 

prevalence of only 0.023 % [ 28 ]. In contrast, a 
small retrospective study that was performed at 
the University of Southern California between 
2002 and 2006 found 9 patients who were 
 diagnosed as having BRONJ out of a total of 208 
patients being treated with oral BPs [ 29 ]. Those 
authors estimated a BRONJ prevalence of 4 % 
after a tooth extraction, representing one of the 
highest reported occurrence rates of BRONJ: 
that, however, was probably due to the small 
study group and to the institution’s being a refer-
ral center. The prevalence of BRONJ is appar-
ently somewhere between 0.01 and 0.05 %. It is 
also apparent that it is higher when the patient 
who is administered with either oral or IV BPs 
undergoes oral surgery, such as dental extraction 
or placement of dental implants.  

    BRONJ Among Oncologic Patients 
on Intravenous Bisphosphonates 

 The data on side effects, including those on 
BRONJ, seem to be more reliable with regard to 
cancer patients since they are screened routinely 
in medical centers prior to each administration of 
IV BPs and have greater access to oral and maxil-
lofacial consultations. 

 Some of the relevant publications combined 
patients with all types of cancer who receive IV 
BPs, and those studies addressed the issue of 
BRONJ prevalence in general, while others dif-
ferentiated between several types of cancer. The 
data presented in Table  5.1  clearly show that the 
incidence of BRONJ among cancer patients on 
IV BPs (1.2–9.9 %) is between 10- and 100fold 
more than the incidence among osteoporotic 
patients on a regimen of oral BPs. It is also evi-
dent that the incidence of BRONJ among mul-
tiple myeloma patients is higher than that among 
breast or prostate cancer patients. A very large 
American cohort study concluded that the stan-
dardized incidence per 1,000 person-years 
was 9.9 for patients with multiple myeloma. 
Specifi cally, they had an almost 4.5-fold higher 
incidence than that of breast cancer patients, 
while breast cancer patients had an almost 2.7- 
fold higher risk than patients with prostate 
cancer [ 28 ]. Bamias et al. found more than a 
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triple incidence of BRONJ in multiple myeloma 
patients when compared to breast  cancer patients. 
Those authors conducted a prospective study on 
252 patients who were receiving IV BPs and 
reported an incidence of 9.9 % among multiple 
myeloma patients, 2.9 % among breast cancer 
and 6.5 % among prostate cancer patients. As 
expected, most of the affected patients had a his-
tory of dental procedures or of using dentures 
[ 32 ]. Thumbigere-Math et al. reported similar 
fi ndings in a retrospective study on 576 cancer 
patients: their fi gures showed a prevalence of 
7.2 % among multiple myeloma patients, 4.2 % 
among breast cancer patients, and 2.4 % among 
prostate cancer patients. As expected, most of 
their cases developed after tooth extractions [ 36 ]. 

Likewise, Vahtsevanos et al.’s retrospective study 
on 1621 cancer patients found an incidence of 
8.5 % among multiple myeloma patients, 3.1 % 
among breast cancer patients, and 4.9 % among 
prostate cancer patients [ 31 ]. Wang et al. did not 
report triple odds for multiple myeloma patients: 
their fi ndings were a BRONJ prevalence of 3.8 % 
among multiple myeloma patients, 2.5 % among 
breast cancer patients, and 2.9 % among pros-
tate cancer patients [ 34 ]. A higher incidence of 
BRONJ rates among multiple myeloma patients 
was also reported in non-comparative studies. 
Dimopoulos et al.’s prospective study on mul-
tiple myeloma patients found an incidence of 
7.4 % for BRONJ development [ 33 ]. Although 
there are also studies that report a high incidence 

   Table 5.1    Epidemiology of bisphosphonate-related osteonecrosis of the jaws (BRONJ) in cancer patients receiving 
intravenous bisphosphonates   

 Author  Type of study  Number  Diagnosis 
 BRONJ 
prevalence  Precipitating factor 

 Boonyapakorn et al. 
[ 30 ] 

 Prospective  80  Cancer  3.1 %  77 % after tooth 
extractions 
 23 % spontaneous 

 Vahtsevanos et al. [ 31 ]  Retrospective  1621  Cancer  8.5 % of MM 
 3.1 % of BCA 
 4.9 % of PCA 

 Bamias et al. [ 32 ]  Prospective  252  Cancer  9.9 % of MM  Almost all after 
dental procedures 
or dentures 

 2.9 % of BCA 
 6.5 % of PCA 

 Dimopoulos et al. [ 33 ]  Prospective  202  MM  7.4 % 
 Wang et al. [ 34 ]  Retrospective  447  Cancer  3.8 % of MM 

 2.5 % of BCA 
 2.9 % of PCA 

 Hoff et al. [ 35 ]  Retrospective  1888  Cancer  2.4 % of MM 
 1.2 % of BCA 

 Thumbigere-Math 
et al. [ 36 ] 

 Retrospective  576  Cancer  7.2 % of MM  59 % s/p tooth 
extraction 

 4.2 % of BCA  41 % spontaneous 
 2.4 % of PCA 

 Assaf et al. [ 37 ]  Retrospective  169  Cancer  8.9 % 
 Rugani et al. [ 38 ]  Retrospective  63  BCA  10.4 % 
 Walter et al. [ 39 ]  Prospective  43  PCA  18.6 %  All patients after 

tooth extractions or 
denture pressure 
sore 

 Walter et al. [ 40 ]  Retrospective  75  BCA  5.3 %  50 % after tooth 
extraction 

   MM  multiple myeloma,  BCA  breast cancer,  PCA  prostate cancer  
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of BRONJ among breast cancer patients [ 38 ] 
and prostate cancer patients [ 39 ], they are the 
exception rather than the rule and are probably 
due to small study populations. Taken together, 
these published data indicate a lower prevalence 
of BRONJ for patients with breast carcinoma 
(2–3 %), a higher prevalence in patients with 
prostate carcinoma, and the highest prevalence 
for patients with multiple myeloma (up to 10 %).

       Osteonecrosis of the Jaw and New 
Antiresorptive Drugs (Denosumab) 

 There have been recent reports of osteonecrosis of 
the jaws developing after exposure to drugs other 
than BPs [ 41 ,  42 ]. The most alarming results 
were associated with denosumab, which is a fully 
human monoclonal antibody that inhibits the mat-
uration of osteoclasts. The fi rst reports of osteo-
necrosis developing after exposure to denosumab 
appeared in 2010 [ 43 ,  44 ], with the most exten-
sive study having been prospectively conducted 
on 5,723 cancer patients [ 45 ]. Those patients were 
randomly assigned to receive either denosumab or 
zoledronic acid. Oral adverse events were deter-
mined by an independent blinded committee of 
dental experts. The overall incidence of osteone-
crosis was 1.6 % (89 patients), most of whom (52 
vs. 37) developed under denosumab. Again, as 
expected, tooth extraction was reported in 61.8 % 
of the affected patients [ 45 ]. The conclusion that 
can be drawn from the comparative studies listed 
in Table  5.2  is that osteonecrosis related to the 
administration of denosumab might be similar or 
even more prevalent than with intravenous BPs 
and that comparable or even higher incidence 
rates of MRONJ development after exposure to 
denosumab might be expected.

       Conclusion 

 The prevalence of BRONJ is higher after intra-
venous BPs compared to oral BPs, and even 
higher among the latter after oral surgical pro-
cedures and local infections. This should also 
be borne in mind in the development of new 
drugs that carry the risk of medication-related 
osteonecrosis of the jaw (MRONJ).     
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        Introduction 

 According    to AAOMS criteria and some early 
reports, the diagnosis of BRONJ is traditionally 
based on anamnesis and clinical examination [ 1 ]. 
The criteria that have to be fulfi lled in order to 
establish diagnosis of BRONJ are already men-
tioned in the previous chapters, including clini-
cally exposed bone in the oral cavity for 8 weeks 
or more [ 2 ]. Therefore, imaging techniques are not 
a prerequisite for the diagnosis itself. However, 
they play an important role for  assessment of 
the extent of a necrosis and  possible side effects 
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    Abstract  

  Though diagnosis itself is based on anamnesis and clinical presentation, 
imaging occupies an integral part of the management of  medication-related 
osteonecrosis of the jaws (MRONJ). Various radiographic signs may be 
seen on panoramic radiographs, cone-beam computed tomography 
(CBCT), or multislice CT (MSCT) like sclerosis, persisting alveolar sock-
ets, and lack of bone fi lling in extractions sites, osteolysis, and sequestra-
tion. While panoramic radiographs serve as a baseline diagnostic tool, 
computed tomography (CT) or cone-beam computed tomography (CBCT) 
and magnetic resonance imaging (MRI) provide three-dimensional infor-
mation of osteonecrotic lesions and may aid in assessing the extent of 
necrosis, monitoring the disease, and detecting early lesions. Anyway, no 
imaging modality is able to reliably depict the margins of a necrosis so far. 
CT and MRI offer a wide spectrum of fi ndings but those are often not very 
specifi c. In the future, nuclear medicine  imaging like combined SPECT/CT 
or PET/CT may further improve the diagnosis of MRONJ by combining 
functional and anatomical information.  
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like accompanying infl ammatory soft- tissue 
involvement or for the detection of pathologi-
cal fractures. Furthermore, imaging can help to 
monitor disease progression and to differentiate 
between osteonecrosis and neoplastic    lesion like 
metastasis. Additionally, imaging is of special 
interest concerning the detection of early stages 
of BRONJ, which do not present with clinically 
exposed bone, corresponding to stage 0 of the 
disease [ 3 ,  4 ]. 

 While panoramic radiographs serve as valu-
able basic tools in MRONJ imaging, radiologic 
tomographic techniques like computed tomogra-
phy (CT) or cone-beam computed tomography 
(CBCT) can provide three- dimensional informa-
tion of the region of interest. Furthermore, mag-
netic resonance imaging (MRI) is increasingly 
becoming the focus of attention, as it is assumed 
that it might aid in early detection and assessment 
of a lesion’s dimension. Last but not least, func-
tional imaging techniques like scintigraphy, bone 
single-photon emission computed tomography 
(SPECT), or positron emission tomography with 
computed tomography (PET/CT) have the poten-
tial to complement the radiologic spectrum of 
MRONJ imaging. In the following, the relevant 
radiographic, MR, and nuclear medicine imaging 
techniques for the MRONJ imaging will be picto-
rially presented.  

    Panoramic Radiographs 

 Conventional dentomaxillofacial    diagnostic 
x-ray supplied by periapical and panoramic 
radiographs allows for baseline MRONJ imag-
ing. Especially panoramic radiographs enable 
a prompt overview of teeth and mandibular and 
maxillary bones. They should be considered as 

an initial imaging modality for patients with 
 suspicion of MRONJ [ 1 ,  5 ,  6 ]. Panoramic radio-
graphs provide information not only about signs 
of osteonecrosis but also about coexisting dental 
aspects like apical osteolysis, periodontal lesions, 
or carious lesions. Furthermore, plain radio-
graphs are pricy and available in almost every 
dental clinic and maxillofacial surgery unit. 

 There are various typical signs of BRONJ on 
panoramic radiographs (Table  6.1 ). Alterations 
of the bone structure may appear mainly with 
osteolysis, sclerosis, or a combination [ 6 – 10 ]. 
Sclerosis is a highly frequent sign, seen at all 
stages of the disease, especially in the early stage 
[ 3 – 5 ,  11 ]. Sclerose-like areas can vary from a dis-
tinct focal sclerosis of the alveolar process to a 
diffuse and wide range involvement of greater 
parts of the mandible or maxilla [ 3 ,  11 ]. Further 
frequently reported signs are thickening of the 
alveolar margins, the lamina dura, or the cortical 
borders and narrowing of the mandibular canal 
[ 3 ,  5 ,  11 ,  12 ]. Also radiolucent appearance with 
osteolysis, disturbance of the cortical bone, and 
delayed healing of extraction sockets or even per-
sisting alveolar sockets can be observed (Fig.  6.1 ) 
[ 3 ,  5 ,  6 ,  11 ,  13 ]. In advanced stages of BRONJ, 
sequestra are another typical fi nding. Moreover, 
widening of the periodontal ligament space and 
periapical lucencies may be apparent [ 11 ].

        Radiologic Tomographic 
Techniques (CT, CBCT) 

 In contrast to conventional radiographs, includ-
ing panoramic radiographs, tomographic tech-
niques like computed tomography (CT) or 
cone-beam computed tomography (CBCT) allow 
for three-dimensional evaluation of the jaws. 

       Table 6.1    Summary of radiographic fi ndings in MRONJ   

 Radiopacity  Radiolucency 
 Findings in advanced disease/
complications 

 Sclerosis, focal/diffuse  Impaired healing of extraction sites, lack 
of bone fi lling, persisting alveolar sockets 

 Sequestra 

 Thickening of the lamina dura  Osteolysis of cortical/spongious bone  Pathological fractures 
 Prominent mandibular canal  Focal cortical disruption  Signs of sinusitis 
 Periosteal reaction  Periradicular lucency 
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The radiographic signs of BRONJ on panoramic 
radiographs, which were described above, can 
be seen in CT images in an analogous way 
(Table  6.1 ). 

 Based on bisphosphonate-induced disorga-
nized bone homeostasis, the affected bone is 
often associated with sclerosis [ 14 ,  15 ], and con-
sequently   , it is a frequent sign seen in radiologic 
imaging in BRONJ cases (Table  6.1 ). Sclerosis 
can range from focal to extended involvement 
and may have a fl occulent or more dense charac-
ter with irregular trabeculation (Figs.  6.2 ,  6.4 , 
and  6.6 ). In advanced lesions, osteonecrosis can 
present as an inhomogeneous bone density with 
“cotton-wool” appearance. Dealing with diffuse 
sclerosis, buccal and lingual cortical bone was 

reported to be thickened with reduced contrast to 
the spongious bone [ 3 ]. The mandibular canal 
can present prominently when sclerosis affects 
the margins of the canal (Figs.  6.3  and  6.4 ) [ 3 ,  5 ]. 
Thickening of the alveolar margins and lamina 
dura is described as well [ 3 ,  5 ].

     On the other side, osteonecrotic areas feature 
a loss in bone mineralization and fragmentation 
and often present with radiolucent areas on pan-
oramic radiographs and lowered attenuation in 
CT (Table  6.1 ) (Fig.  6.6 ) [ 3 ,  5 ,  6 ,  11 ,  16 ]. 

 Several reports suggest signifi cant advantages 
of CT imaging when compared to panoramic 
radiographs [ 5 ,  6 ,  9 ,  13 ,  17 – 19 ]. Location and 
extension of a lesion may be assessed more 
exactly by tomography. The dimension of a 

a b

c d

  Fig. 6.1    A 70-year-old male presented clinically with a 
non-healing extraction wound and exposed bone and 
putrid exudate in the right mandible in region 45–46. 
Extraction of tooth 46 had been performed 3 months 
before. The patient received intravenous bisphosphonate 
therapy with zoledronate (4 mg/month) since 3 and 

1/2 years, due to osseous metastases from prostate carci-
noma. ( a ) Plain fi lm radiograph prior to extraction. ( b ) 
Plain fi lm radiograph 3 month after extraction of tooth 46. 
Lack of bone fi lling and persisting alveolar sockets are 
obvious. ( c ) Coronal/( d ) sagittal sections derived from 
CBCT data showing lack of bone fi lling       
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lesion was proved to be larger on CT and MRI as 
well as in histopathology than the area of clini-
cally exposed bone [ 20 ]. Panoramic radiographs 
seem to underestimate the dimension of a lesion 
compared to CT imaging, and the existence of 
smaller sequestra may be overlooked more easily 
in panoramic radiographs (Fig.  6.6 ) [ 17 ]. 

 Preoperative knowledge about the extension 
of a bisphosphonate-related necrosis is valuable 
for surgical planning. Up to now, there is pau-
city of available data in this concern. In a study 
of 24 patients suffering from different stages of 

BRONJ, panoramic radiographs, CT, and MRI 
were performed. While detectability of CT and 
MRI exceeded that of panoramic radiographs by 
far, it was obvious that CT and MRI presented 
with diffi culties in evaluating the exact extent 
of the lesions, and so it was concluded that the 
precision of these both modalities, displaying 
the extension of osteonecrosis, is limited [ 9 ]. 
Guggenberger et al. (2013) compared extension 
of bisphosphonate-related lesions in ten patients 
undergoing PET/CT, contrast-enhanced MRI, 
panoramic views derived from CBCT, and pre-
operative and intraoperative assessment. PET/
CT and contrast-enhanced MRI were able to 
display more extensive changes compared with 
panoramic views derived from CBCT and clini-
cal examination. It was reported that preoperative 
examination detected smaller extension of the dis-
ease than the other examinations. All in all, PET/
CT and contrast-enhanced MRI detected more 
extensive involvement of BRONJ compared with 
panoramic views from CBCT and clinical exami-
nations [ 21 ]. Nonetheless, the latter two studies 
demonstrate the current limitations of all modali-
ties in order to assess the exact extension of lesion 
in BRONJ cases. While MRI and PET-CT may 
overestimate the real lesion dimensions, CBCT 
imaging as well as preoperative and intraoperative 
estimations may underestimate the real extension. 
For the surgeon it is worthwhile to note that for 

  Fig. 6.4    Multislice computed tomography (MSCT). 
Mandible affected by BRONJ. Extended left perimandib-
ular periosteal reaction ( arrowheads ). Osteosclerosis with 
disorganized irregular medullary trabeculation throughout 
the complete mandible. Prominent mandibular canal can 
be seen at the right mandible ( large arrow )       

  Fig. 6.2    Multislice computed tomography (MSCT). 
Extended sclerotic changes of the right mandibular corpus 
and ramus ( arrowheads ). Sequestration and lingual corti-
cal disruption ( large arrow )       

  Fig. 6.3    BRONJ in the right mandible. Multislice CT 
depicting a large lingual mandibular sequestration ( black 
asterisk ) and prominent mandibular canal ( white arrow-
heads ) as sclerosis affects the margins of the canal       
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preoperative work-up, these differences between 
the imaging modalities should be taken into con-
sideration [ 21 ]. Further studies are needed and 
may include precise histopathological assessment 
and intraoperative assessment with the aid of fl uo-
rescence imaging as described in brief in the treat-
ment chapter [ 22 ,  23 ]. 

 Recently, imaging focus also headed toward 
the possibility to detect MRONJ in an early 
stage, when there is no presence of clinically 
exposed bone in the oral cavity. Sclerosis is 
reported to be a consistent fi nding in imaging of 
early disease [ 3 ,  16 ]. In contrast to low-grade or 
sclerosing osteomyelitis however, periosteal 
   response seems not to be characteristic in early 
stages (Fig.  6.4 ) [ 3 ,  10 ]. 

 In a cohort of 32 patients with BRONJ, a clus-
ter analysis was performed on the basis of differ-
ent radiologic features. Patients    were grouped in 
4 categories based on CT fi ndings. The authors 
found a positive correlation with the clinical 
extension analysis [ 17 ]. In contrast, a staging 
based solely on panoramic radiographs was 
judged not to be reliable because lesions tend to 
be underestimated and because of a missing cor-
relation between clinical extension and dental 
panoramic radiograph clusters [ 16 ]. Purulent 
secretion and sequestration are correlating with 
the size of osteonecrotic lesions and demon-
strated the value of CT imaging in patients with 
BRONJ [ 24 ]. 

 Quantifi cation of imaging features may be 
promising in order to assess the presence of a 
bisphosphonate-related bony disorder in an objec-
tive manner. CT imaging and consecutive work-up 
of bone matrix density were performed in patients 
with confi rmed BRONJ and compared with sam-
ples from cadaveric controls. Unfortunately, 
higher bone tissue density was evident only in a 
subset of BRONJ patients, suggesting that density 
may have limitations as a biomarker for early 
detection of this condition [ 25 ]. 

 In a retrospective pilot study, different 
 techniques were tested in order to analyze corti-
cal bone dimensional changes caused by 
bisphosphonates based on CBCT imaging. The 
evaluation of the mandibular cortical bone at the 
site of the mental foramen seems to be helpful 

for the detection of cortical bone dimensional 
changes. Alterations in the bone architecture 
were even evident in areas of the mandible, 
which were not affected by clinical bone expo-
sure. It was concluded that the technique 
described may aid in detecting early bone altera-
tions helping to predict BRONJ in individuals. 
However, further longitudinal studies were pro-
posed to verify this technique [ 12 ]. 

 Cone-beam computed tomography (CBCT) 
is a tomographic imaging technique that has 
become increasingly popular in dentomaxil-
lofacial imaging over the last decade. Within 
a short imaging time, high-resolution three-
dimensional datasets of the head and neck 
region can be generated. Software applications 
allow displaying panoramic views as well as 
multiplanar reconstructions [ 26 ]. Furthermore, 
CBCT imaging comes along with considerably 
reduced radiation exposure compared to mul-
tislice CT protocols [ 27 ,  28 ]. Accordingly, this 
technique is of increased importance in the set-
ting of BRONJ [ 10 ,  12 ,  29 – 33 ]. 

 Radiographic fi ndings (Table  6.1 ) can be simi-
larly found in CBCT and multidetector CT 
(Fig.  6.6 ). However, it hast to be considered that 
CBCT attenuation measurements are less reliable 
compared with those in multidetector CT and 
soft-tissue contrast is lower compared with mul-
tidetector CT [ 34 ]. 

 Infl ammatory affection of soft tissues like cer-
vical lymphadenopathy, mass-like thickening of 
the masticator muscles, and abscess formation 
are addressed more properly with multidetector 
CT imaging or MRI, especially if imaging is con-
trast enhanced. 

 Further radiographic fi ndings in advanced dis-
ease that should be kept in mind are sequestra, 
pathological fractures, and maxillary sinus affec-
tion (Figs.  6.2 ,  6.3 ,  6.5 , and  6.6 ) [ 35 ,  36 ]. These 
fi ndings should be given special attention and 
three-dimensional imaging modalities are strongly 
recommended in this context. For example, pan-
oramic radiographs seem to underestimate the 
dimension of a lesion compared to CT imaging, 
and the existence of smaller sequestra may be 
overlooked more easily in panoramic radiographs 
(Fig.  6.6 ) [ 17 ,  35 ].
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a b

c

  Fig. 6.6    A 69-year-old male patient received intravenous 
bisphosphonate therapy with zoledronate (4 mg/month) 
due to osseous metastases from prostate carcinoma. ( a ) 
Panoramic radiograph.  Large arrow  is showing a radiolu-
cent area corresponding to alveolar margin osteolysis. 
Posterior to the osteolysis, the  two arrowheads  depict 
osteosclerosis with disorganized medullary trabeculation 
and “cotton-wool”-like appearance. ( b ) Multislice 

 computed tomography (MSCT). The  large arrow  indi-
cates the osteolytic area; the  two arrowheads  indicate the 
osteosclerosis. In contrast to the panoramic radiograph, 
sequestration is visible as well (within the osteolytic 
area). ( c ) Cone-beam computed tomography (CBCT). 
Osteolytic area can be seen as well ( large arrow ). 
Additionally, lingual cortical disruption becomes evident 
in the shown layer ( consecutive arrowheads )       

a b

  Fig. 6.5    A 73-year-old male clinically presenting with signs 
of sinusitis and exposed bone in the right posterior maxilla. 
( a ) Coronal and ( b ) sagittal sections derived from CBCT 

data.  Large arrows  are depicting a sequestrum.  Arrowheads  
show mucosal thickening in the right maxillary sinus as 
radiologic correlate to maxillary sinusitis due to BRONJ       
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        Magnetic Resonance Imaging (MRI) 

 Free from ionizing radiation, MR imaging should 
be preferentially performed in 1.5 T or 3 T MR 
units, which may use the full spectrum of the mod-
ern sequences that provide “state-of-the-art” 2D 
and 3D T1- and T2-weighted imaging [ 9 ,  16 ,  21 ]. 
New MR scanners are also offered with multiple 
channel head/neck coils (up to 32 channels) that 
enable superior spatial resolution (in submillime-
ter range) in reasonable acquisition time for the 
patient. Besides the conventional morphological 
imaging, which has to be enhanced by contrast 
agent administration and suitable saturation of the 
fat planes in extracranial head, new functional MR 
imaging techniques (i.e., perfusion, diffusion) are 
available and may facilitate early disease diagno-
sis or monitoring in the future. Nonetheless, pre-
liminary studies failed to demonstrate any strong 
supporting evidence in clinically manifested cases 
[ 37 ] as well as in the early stage of non-traumatic 
osteonecrosis models [ 38 ]. 

 MR imaging of BRONJ is complementary to 
CT imaging revealing signal intensity alterations 
in a homogeneous pattern or affecting the periph-
ery of the lesion in a band-like pattern [ 16 ], which 
has also a close correlation to the “bone-within- 
bone” appearance often seen in CT [ 16 ,  39 ]. In 
general, BRONJ is typically associated with 
decreased signal intensity on T1-weighted 
images and variable signal intensity changes on 
T2-weighted or short inversion time inversion- 
recovery (STIR) images and contrast-enhanced 
images [ 6 ,  7 ,  16 ,  40 ]. Typically, low T1 signal 
(refl ecting low water content) in open wounds is 
associated with intermediate or slightly increased 
signal intensity on T2-weighted images (refl ect-
ing edema and infl ammation) (Figs.  6.7 ,  6.8 , and 
 6.9 ). Rather than T1-weighted images, the T2 
signal intensity of the abnormalities, possibly 
associated with the disease stage including early 
cases with intermediate symptoms, is not vari-
able, thus not pathognomonic and should be 
meticulously appreciated together with the CT 
fi ndings, which may reveal subtle changes (i.e., 
focal hyperdensity) [ 6 ,  16 ,  40 ]. Generally, little 
information has been published about the early 
stages of BRONJ because they are not typically 

imaged with MR imaging or because the unex-
posed bone does not raise the suspicion of 
BRONJ. In doubtful cases (i.e., ambivalent signal 
on T1- and T2-weighted images), signal changes 
in gingival region, inferior alveolar nerve, and 
neighboring soft-tissue MR imaging, not readily 
appreciated, even in the contrast-enhanced CT 
also due to metal artifacts that may obscure the 
lesions in CT, may suggest BRONJ (Fig.  6.10 ). 
The involvement in MRI may appear more exten-
sive after contrast enhancement than in CT [ 9 , 
 41 ], but imaging-based disease quantifi cation 
should preferably encounter native T1- and 
T2-weighted fi ndings though the latter usually 
overestimate the disease extent compared to 
intraoperative fi ndings [ 9 ,  21 ] or offer no signifi -
cant additional information for the resection mar-
gins [ 42 ]. Up to now and partly due to study 
design problems, there are no longitudinal stud-
ies reporting on the clinical fate of “silent” 
changes seen in CT or MRI not concordant to the 
classical BRONJ appearance.

      In late stages or chronic cases, the reported 
signal intensity on T2-weighted images is also 
variable with predominating low T2 signal (or 
STIR-signal) indicating non-viable bone as 
reported in cases with uncontrollable pain unre-
sponsive to conventional treatment before surgi-
cal resection [ 20 ]. Areas with unexposed bone 
may demonstrate increased, sometimes periph-
eral, signal intensity on T2-weighted or STIR 
images [ 6 ,  20 ] (Figs.  6.8  and  6.9 ). This signal 
intensity pattern implies probably a chronic 
osteomyelitis and is often accompanied by avid 
contrast enhancement. This corroborates the 
notion of the additive value of intravenous con-
trast for disease detection and quantifi cation. 
However, contrast-enhanced MRI alone fails to 
distinguish between necrotic bone, osteomyelitis, 
and reactive signal changes of bone marrow sec-
ondary to surrounding infl ammation of soft tis-
sue. The bone marrow enhancement correlates 
with the degree of fatty marrow replacement and 
decreased signal intensity on T1-weighted 
images and typically spares the low T2 signal 
bony sequestrum (Figs.  6.8  and  6.9 ) [ 7 ,  9 ,  16 ]. In 
general, contrast enhancement may extend to the 
cortical bone, bone marrow, adjacent soft tissues 
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(including mylohyoid ridge, buccinator muscle, 
orbicular muscle, and masticator space), parana-
sal sinuses, inferior alveolar and mandibular 
canal, and in the locoregional lymph nodes 
(Fig.  6.11 ). The commonly seen    focal mass-like 
thickening of the adjacent soft tissue as well as 
cervical lymphadenopathy may clinically mimic 
neoplastic disease, either relapsing tumors or 

metastases (Fig.  6.11 ). The mass-like tissue 
changes are frequently located submandibular 
followed by the submandibular angle and jugu-
lodigastric chains and should be encountered in 
the differential diagnosis [ 16 ,  37 ].

   When we compare side-by-side the different 
imaging techniques, the overall detectability of 
BRONJ lesions in MR imaging is very high, 

a

c

b

  Fig. 6.7    ( a – c ) A 61-year-old woman with breast cancer 
and symptomatic osteonecrosis. Axial T1-weighted image 
( a ) shows focal lesion of osteonecrosis in the left mandible 
as hypointense zone without cortical affection. After 

 gadolinium administration and fat saturation ( b ), the lesion 
does not demonstrate signifi cant enhancement. Adjacent 
fat- saturated, post-contrast T1-weighted MR image shows 
enhancing metastatic lesion in the left middle skull base (c)       
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 justifying its application as a preoperative and 
monitoring tool [ 20 ]. However, a close correla-
tion between intraoperative and MR imaging 
fi ndings is not always evident [ 9 ,  21 ]. The sensi-

tivity of MRI in identifi cation of BRONJ is heav-
ily dependent on the use of contrast enhancing 
MR sequences and should be encountered as 
high considering the identifi cation of all the 

a b

c d

  Fig. 6.8    ( a – d ) A 50-year-old woman with breast cancer. 
Axial T2-weighted image ( a ) shows pathologic mesial 
fracture in the mandible as well as decreased marrow sig-
nal intensity with cortical affection and hyperostosis on 
the right side, accompanied by soft-tissue changes in the 
labial and buccal premandibular region. The soft-tissue 

changes and the affected bone marrow, especially on the 
left side, show avid enhancement in fat-saturated 
T1-weighted image ( b ). The corresponding axial CT 
image ( c ) demonstrates cortical thickening, medullary 
sclerosis, pathologic fracture, and non- healing socket, the 
latter being also evident in the clinical examination ( d )       
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a b

c d

  Fig. 6.9    ( a – d ) A 60-year-old male with prostate cancer. 
Axial CT image ( a ) shows bony sequestrum in the right man-
dibular body as well as medullar and cortical sclerosis on both 
sides. The corresponding unenhanced T1-weighted image ( b ) 
demonstrates the sclerotic lesions as areas with low signal 

intensity, whereas the T2-weighted image ( c ) shows interme-
diate signal intensity. The MR images reveal also soft-tissue 
changes in the labial and lingual adjacent tissue. The soft-tis-
sue infl ammation presents with avid enhancement in the fat-
saturated, post-contrast T1-weighted image ( d )       
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a b

dc

  Fig. 6.10    ( a – d ) A 54-year-old woman with breast cancer 
and intermittent pain on the right mandible. Axial CT 
image ( a ) shows subtle focal sclerosis on the right mandi-
ble next to the mental foramen. The suspected area appears 
with low signal intensity on unenhanced T1-weighted ( b ) 

and T2-weighted ( c ) images, whereas it shows remarkable 
gadolinium enhancement on fat-suppressed, post-contrast 
T1-weighted image ( d ) the contrast enhancement seems to 
follow the right inferior alveolar canal; focal infl ammation 
of the gingival tissue is also present       

 

6 Imaging Modalities and Characteristics in Medication-Related Osteonecrosis of the Jaw



74

symptomatic lesions and additional lesions not 
appreciated at clinical examination [ 37 ,  43 ]. 

 Taken together, MRI may be advantageous 
over other imaging modalities in helping to 
exclude other possible diseases, delimiting the 
area of the lesion with bone and soft-tissue 
involvement, and guiding the therapeutic 
approach (i.e., debridement in intractable cases 
not responding to conservative treatment).  

    Nuclear Medicine Imaging 
Techniques 

 Functional imaging with bone scintigraphy, bone 
single-photon emission computed tomography 
(SPECT), positron emission tomography (PET), 
and combinations with computed tomogra-
phy (SPECT/CT, PET/CT) fi nally complete the 

 imaging spectrum of MRONJ imaging. While 
radiographs, CT, and MRI are able to display 
osteonecrotic pattern, they have low specifi city 
for BRONJ lesions [ 8 ,  16 ,  44 ]. Reliable detec-
tion of early BRONJ lesions and assessment of 
the extent of a lesion are limited so far. Therefore, 
functional nuclear medicine techniques were 
investigated as well in the context of BRONJ 
imaging. 

 Bone scintigraphy was identifi ed to present 
with alterations of radionuclide uptake in BRONJ 
lesions [ 6 ,  45 ,  46 ]. 99Tcm-MDP uptake is gener-
ally infl uenced by blood fl ow and osteoblastic 
metabolism. Chinadussi et al. reported decreased 
99Tcm-MDP uptake in early stages when vascu-
larization is lowered and increased uptake in later 
stages due to higher osteoblast activity in 
advanced disease [ 6 ]. SPECT confi rmed the pres-
ence of increased uptake, and it was concluded 

a b

  Fig. 6.11    ( a – b ) Fat-suppressed, post-contrast, 
T1-weighted MR imaging of a 67-year-old woman with 
multiple myeloma and BRONJ lesions on the maxilla and 
mandible. Axial image ( a ) demonstrates increased gado-
linium uptake in the maxilla and left mandible as well as 
prominent enhancement of the soft tissues adjacent to the 
left mandibular ramus. There is fl uid collection on the 

buccal side of the maxilla and on the mandibular foramen. 
The adjacent axial section at the level of the mandible ( b ) 
reveals the extensive infl ammatory changes in the buccal 
region as well as in the oropharyngeal space and the ton-
sillar region on the left side. The bony marrow shows 
increased gadolinium uptake and the left mandible is frag-
mented with sequestration       
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that scintigraphy might be used as a screening test 
to detect subclinical osteonecrosis in patients 
receiving bisphosphonates [ 6 ]. A drawback of 
conventional bone scintigraphy and SPECT how-
ever is the low spatial resolution and a certain lack 
in anatomical information. Hybrid SPECT/CT 
can improve the accuracy of scintigraphy because 
SPECT/CT provides a functional–anatomical cor-
relation. Accordingly, it was reported that SPECT/
CT increased the accuracy of conventional imag-
ing and differentiation between the necrosis and 
adjacent viable bone became possible [ 46 ]. 

 A comparison between two functional imag-
ing techniques, characterized, on the one hand, 
by a tracer showing oncotropic properties, such 
as Tc99m-sestamibi, and, on the other hand, a 
tracer taken up by infl ammation such as FDG- 
PET, was reported to support differentiation 
between BRONJ lesions and myeloma osteolysis 
in a preliminary report [ 45 ,  47 ]. 

 Further studies demonstrated focal enhance-
ment on PET scans at sites of BRONJ lesions 
[ 43 ,  44 ,  48 ]. PET enhancement is related to vas-
cularization and hypermetabolism. Therefore, 
uptake in BRONJ lesions may be due to hyper-
metabolism caused by superimposing infection 
or healing response and may not be caused by the 
necrosis itself [ 44 ]. In a present study based on 
46 PET scans, it was shown that enhancement on 
a PET scan is not a reliable indicator of BRONJ 
and that a non-enhancing scan does not necessar-
ily exclude the disease. In conclusion, the results 
did not support a routine use in the diagnostic of 
BRONJ [ 44 ]. However, Wilde et al. suggested 
that PET might serve as an option for visualizing 
the severity of BRONJ and could be valuable for 
evaluation of treatment effects. Combined PET/
CT techniques may further improve the diagnosis 
of BRONJ by combining functional and anatomi-
cal information [ 48 ]. 

 While scintigraphy, SPECT, and PET are not 
useful for metric analysis of BRONJ [ 9 ], com-
bined PET/CT was assessed to detect more 
extensive involvement of BRONJ compared with 
panoramic views from CBCT and clinical exami-
nations, although, comparable to contrast- 
enhanced MRI, the real dimension of a lesion 
may be overestimated [ 21 ].  

    Conclusions 

 At present, panoramic radiographs can be con-
sidered as a primary modality for MRONJ 
imaging. In clinical routine, CT and CBCT are 
widely used to gain further three-dimensional 
information of the extent of osteonecrosis and 
to clarify if there are any further fi ndings like 
pathological fractures or signs of sinusitis. So 
far, there is no fi nal evidence that MRI is supe-
rior to CT in order to display the extent of the 
lesion or to detect early stages of 
BRONJ. Anyway, it seems like CT and MRI 
offer a wide spectrum of fi ndings but those are 
often not very specifi c. Nuclear medicine 
tomographic imaging techniques may be use-
ful in detecting early stages and monitoring the 
disease; however, they cannot be regarded as 
standard in MRONJ imaging at the moment.     
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     The bisphosphonate-related osteonecrosis of the 
jaw (BRONJ) was fi rst described in 2003 as a 
new osteonecrosis entity [ 1 – 3 ]. Naturally, at this 
time no experiences with this disease existed, and 
there was a great uncertainty of how to treat the 
affected patients. 

 The fi rst treatment recommendations were 
given by the bisphosphonate suppliers advising 
conservative therapy approaches including local 
and systemic antibiotic treatment, oral hygiene 
measures, local irrigations, pain control, protec-
tive covering of the exposed bone, and conservative 

osteonecrosis removal [ 4 ,  5 ]. Due to the fact that 
a considerable number of BRONJ cases could be 
related to tooth extractions prior to the manifes-
tation [ 1 ,  6 ,  7 ], surgical procedures were thought 
to worsen the situation and the BRONJ stage. 
It was postulated that “attempts to accomplish 
debridements, cover the exposed bone with fl aps, 
or bone-contouring procedures have mostly been 
counterproductive and have led to further exposed 
bone, worsening of symptoms, and a greater risk 
for a pathologic fracture of the jaw” [ 7 ]. 

 As a consequence, the fi rst studies on the ther-
apy of BRONJ used conservative treatment 
approaches – the results were disappointing if not 
devastating (see Fig.  7.1 ). In 2005, Marx and 
coworkers reported of the unsuccessful treatment 
of 119 (out of 119) cases applying conservative 
measures [ 7 ]. The success rates of Bamias et al. 
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as well as Migliorati et al. were similarly frustrat-
ing [ 5 ,  9 ].

   Thus, after the fi rst reports, BRONJ became 
the attribute of being very therapy refractory. 
Indeed, it was already recognized in 2004 by 
Ruggiero and coworkers that surgical therapy 
was necessary in most of the 63 cases of his study 
to improve or resolve BRONJ [ 10 ]. 

 The treatment recommendations then changed 
with time: the more experience and knowledge 
with different BRONJ treatment strategies were 
gathered, the more the surgical therapy gained 
importance. 

 In 2006, it was suggested that the stages 1 and 
2 should be treated conservatively, while extended 
cases (stage 3) should be treated surgically by 
debridement [ 11 ,  12 ]. 

 In 2007 and 2009, the American Association 
of Oral and Maxillofacial Surgery (AAOMS) 
published stage-specifi c treatment recommendations 

for BRONJ [ 13 ,  14 ] (Table  7.1 ) which are still 
up to date. Summarized, conservative treatment 
of BRONJ stages 0 and I, superfi cial debride-
ment of stage II, and debridement stage III is 
recommended.

   Although newer (from 2012), the guideline 
report for BRONJ of the German Dental and the 
German Oral and Maxillofacial Associations is 
less concrete abstaining therapy recommenda-
tions for certain stages of the disease [ 15 ]. The 
reason might be that there are signifi cant draw-
backs in current BRONJ staging as suggested by 
the AAOMS [ 14 ]. First, neither the extent of the 
exposed bone nor its localization is taken into 
account. Defi nitely, a large area of exposed bone 
is more diffi cult to treat than a small one. 
Second, combinations of different BRONJ 
symptoms (i.e., no exposed bone (stage 0) and 
sinusitis maxillaries (stage III)) cannot clearly 
be classifi ed. Third, the general condition as 

a b

c d

  Fig. 7.1    ( a ) A 68-year-old female patient suffering from 
multiple myeloma presented with a BRONJ stage I lesion in 
the left mandible. ( b ) The radiologic situation (orthopanto-
graph) showed the typical signs of BRONJ, such as the 
absence of bone remodeling in the extraction sockets 7 
months after tooth extraction. At that time, the patient 
refused surgical therapy, so the BRONJ was managed 
 conservatively. ( c ) Clinical situation of the same patient 7 

months later. Despite intensive conservative therapy, the dis-
ease progressed to a BRONJ stage II lesion with more 
exposed bone accompanied by a purulent and painful infec-
tion. ( d ) Displays the corresponding radiologic situation. All 
the remaining teeth in the left mandible were radiologically 
involved in the osteonecrosis (case published in 2011 [ 8 ] 
(Reprinted with kind permission of Elsevier))       
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well as the patients’ burden of suffering are not 
considered. In a stage I disease, a patient might 
not have pain, but symptoms such as halitosis 
might reduce the quality of the social life sig-
nifi cantly. Indeed, it is of great importance 
whether a patient is treated because of osteopo-
rosis without any comorbidity or because of 
bone metastasis in a fi nal stage receiving addi-
tional chemotherapy and suffering from various 
comorbidities such as diabetes or peripheral 
artery disease. 

 With regard to the development of the treat-
ment recommendations, the author (as Oral and 
Maxillofacial Surgeon) suggests further advances 
in the BRONJ therapy will be achieved if all 
BRONJ stages are treated surgically. 

 This is for several important good reasons:
    (i)    The diagnosis of an osteonecrosis should be 

confi rmed by a histopathological investiga-
tion. Although until now the histopathologi-
cal proof of an osteonecrosis is not a part of 
its defi nition, it can be excluded that other 
pathologic conditions such as jawbone 
metastasis [ 16 ] induce the clinical picture of 
the exposed bone. This is important as the 
therapy of a jawbone metastasis and BRONJ 
differs signifi cantly.   

   (ii)    Exposed bone is an entrance gate for bacte-
rial colonization and infection such as for 
actinomyces bacteria [ 17 ,  18 ]. For this par-
ticular microbial strain, a possible role in the 
pathogenesis as well as an aggravating 
effect of an existing BRONJ is discussed. 
Therefore, the exposed bone always 
increases the risk of BRONJ progression. 
Due to the fact that conservative treatment 
approaches do commonly not resolve the 
exposed bone [ 7 ,  19 ], there is the risk of 
worsening of the BRONJ stage or secondary 
infection leading to abscess or pain, particu-
larly in patients who are immunocompro-
mised by chemotherapy (see Fig.  7.1 ).   

   (iii)    The success rates of surgical approaches are 
signifi cantly higher compared to conserva-
tive treatment regimens [ 20 ]. Given that a 
therapy success includes the removal of 
exposed bone and an intact mucosa, conser-
vative management shows disappointing 
results of less than 20 % [ 7 ,  19 ,  21 ,  22 ]. In 
contrast, surgical approaches reveal success 
rates exceeding 85 % [ 8 ,  23 – 25 ]. A timely 
treatment has a positive effect on the outcome 
[ 10 ,  26 ], which is another reason to perform 
surgical therapy in the stages 0 and I.   

   Table 7.1    Staging and treatment strategies of bisphosphonate-related osteonecrosis of the jaw according to the position 
paper of the American Association of Oral and Maxillofacial Surgery 2009 [ 14 ] (Reprinted with kind permission of Elsevier)   

 Stage  Description  Treatment strategies 

 0  No clinical evidence of necrotic bone, but nonspecifi c 
clinical fi ndings and symptoms 

 Systemic management, including use of pain 
medication and antibiotics 

 I  Exposed and necrotic bone in asymptomatic patients 
without evidence of infection 

 Antibacterial mouth rinse 
 Clinical follow-up on quarterly basis 
 Patient education and review of indications for 
continued bisphosphonate therapy 

 II  Exposed and necrotic bone associated with infection as 
evidenced by pain and erythema in region of exposed bone 
with or without purulent drainage 

 Symptomatic treatment with oral antibiotics 
 Oral antibacterial mouth rinse 
 Pain control 

 Superfi cial debridement to relieve soft tissue 
irritation 

 III     Exposed and necrotic bone in patients with pain, infection, 
and one or more of the following: exposed and necrotic 
bone extending beyond the region of the alveolar bone 
(i.e., inferior border and ramus in the mandible, maxillary 
sinus, and zygoma in the maxilla), resulting in pathologic 
fracture, extraoral fi stula, oroantral/oronasal 
communication, or osteolysis extending to the inferior 
border of the mandible or the sinus fl oor 

 Antibacterial mouth rinse 
 Antibiotic therapy and pain control 
 Surgical debridement/resection for 
 longer-term palliation of infection and pain 
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   (iv)    The conservative therapy commonly takes 
months to years with weekly or twice a week 
consultations for conservative wound man-
agement [ 21 ,  22 ], which can be considered 
as additional burden for the affected patients. 
In contrast, the surgical treatment is usually 
completed 3–4 weeks after surgery [ 8 ]. It 
should be taken into account that effects sim-
ilar to habituation of the microbial wound 
fl ora will take place after weeks or even 
months of antibiotic treatment [ 27 ]. Side 
effects such as microbial resistances or oral 
candidiasis might aggravate the treatment.     

 “Therapy literally means ‘curing, healing’ and 
is the attempted remediation of a health problem, 
usually following a diagnosis” [ 28 ]. 

 BRONJ is currently diagnosed by the presence 
of exposed jawbone for a period that exceeds 8 
weeks [ 13 ,  14 ,  29 ] (in combination with a  positive 
drug history for bisphosphonates and no radiation 
of the head and neck region). Consequently, a 
therapy success is achieved when the exposed 
necrotic bone is removed and a mucosal integrity 
is restored. Therefore, the aim of the BRONJ ther-
apy should resolve the leading symptom: the 
exposed bone. 

 Indeed, confusion is caused by studies apply-
ing conservative measures to treat BRONJ and 
reporting success rates exceeding 50 % [ 30 ,  31 ]. 
To understand this obvious discrepancy, it is 
important to take a closer look of how the success 
of a therapy is defi ned in these studies. The main-
tenance of the status quo, i.e., no worsening of 
the situation of the exposed bone [ 30 ,  31 ], can be 
considered as improvement of the patient’s situa-
tion but not as therapy success with respect to the 
defi nition of the disease. Furthermore, studies on 
therapy success should not use retrospective but 
prospective study designs. In retrospective stud-
ies conducted with questionnaires without oral 
investigations, it is impossible to detect early 
stages with exposed bone that are not accompa-
nied by infection or pain. Due to the fact that 
these “silent” BRONJ stages are a frequent fi nd-
ing, a signifi cant number of BRONJ cases are not 
recorded in retrospective studies. 

 In spite of these considerations to treat all 
BRONJ stages surgically, the conservative ther-

apy is useful and necessary to control the disease 
when the patient’s general condition does not 
allow surgical intervention or when chemother-
apy cannot be discontinued. Applying conserva-
tive measures, patients’ condition improved or 
stay asymptomatic in up to 70 % of the cases [ 32 ]. 

 Indeed, it is of crucial importance that the patient 
is thoroughly informed about the different treatment 
options, the duration and burden of each therapy 
way, as well as the success rates. In addition, the 
specifi c needs and discomforts of the patients 
should be considered for the choice of therapy. 

 Due to the fact that the necrotic and exposed 
bone will not be revitalized and turned into a vital 
bone again, BRONJ should be removed even if 
only small bone areas are affected. Thus, the aim of 
the surgical therapy is the complete removal of the 
osteonecrosis because even small residuals might 
lead to a recurrence or progression of BRONJ both 
by mechanical injury of the mucosa as well as by 
microbacteria remaining in the affected bone. 

 The therapy should be well planned beginning 
with the choice of the surgical approach. The 
mucosal incision should always be performed 
in consideration of a tension-free mucoperios-
teal coverage of the area of the exposed bone. 
Mucosal dehiscences as well as fi stulas should be 
included in the incision line. Subsequently, the 
marginal mucosa of these areas should be cut out, 
because the mucosa adjacent to BRONJ lesions 
is altered due to the chronic infection and less 
useful for reconstruction [ 33 ]. If teeth have to be 
removed, a marginal incision has to be performed 
in order to allow the wound closure with a muco-
periosteal fl ap. Unlike in osteoradionecrosis, the 
deperiostation of the bone has no unfavorable 
effect in the treatment of BRONJ. Indeed, a suffi -
cient bone exposure helps to remove the osteone-
crosis completely, to even sharp bone ridges, and 
to achieve a tension-free wound closure. 

 The exposed bone in BRONJ commonly 
shows a darker and yellowish color compared to 
the unaffected sites. The porosity is often 
increased, and the necrotic bone is often softer 
compared to the normal bone. Frequently, 
BRONJ is surrounded by sclerotic bone areas, 
which are harder and less vascularized pretend-
ing an avascular necrosis. The osteonecrosis 
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including bone sequestra must be removed com-
pletely even if this causes large bone defects of 
the jawbones or broad oroantral fi stulas. 

 If the osteonecrosis reaches or surrounds the 
teeth, the respective teeth have to be extracted in 
order to remove the osteonecrosis completely. 
After the surgical elimination of the osteonecrosis, 
it is of crucial importance to smooth sharp bone 
ridges such as the crestal bone of tooth extraction 
sockets in order to avoid failure. This is an impor-
tant step in the treatment of BRONJ, because the 
bone turnover is reduced by the bisphosphonate 
administration and sharp bone sites will be remod-
eled very slowly. Spiky ridges can either hamper 
the mucosal healing or injure the mucosal cover-
age of the wound and increase the risk of recur-
rence of the exposed bone. There is an overlap of 
therapeutic and prophylactic measures. With 
respect to the conclusive pH- dependent BRONJ 
pathogenesis theory [ 34 ,  35 ], surgical procedures 
such as root resections or tooth extractions are rec-
ommended to eliminate chronic infections. Indeed, 
sharp bone ridges must also be removed following 
these procedures. 

 In most cases, buccal mucoperiosteal fl aps are 
best suited to achieve a tension-free mucosal cover-
age. On the one hand, the mobilization of the buccal 
mucoperiosteum is easier compared to the palate 
mucosa in the maxilla or parts of fl oor of the mouth. 
On the other hand, the functional limitations are 
much less when using buccal mucoperiosteal fl aps. 
Some surgeons suggest a two-layer coverage of the 
exposed bone to achieve safer wound closure. In the 
mandible, this can be achieved either by a muscle 
fl ap of the mylohyoid muscle [ 36 ] or a buccal fat 
fl ap. The latter is also suitable for a two-layer cover-
age in the maxilla in particular when oroantral fi stu-
las are present after the BRONJ resection [ 37 ,  38 ] 
(see Fig.  7.2 ). The nasolabial fl ap is an additional 
option to reconstruct defects of both the mandible 
and the maxilla [ 39 ]. While a two- layer wound clo-
sure might be of use in broad oroantral fi stulas, a 
monolayer coverage using a mucoperiosteal fl ap is 
usually suffi cient when the osteonecrosis is com-
pletely removed. Although the mucosa in BRONJ 
patients can be of inferior quality and stability [ 33 ], 
soft tissue free fl ap reconstruction is only necessary 
in rare cases.

   The demand for bony reconstruction arises 
more frequently, in particular when parts of the 
mandible have to be resected. The treatment 
options range from a resection without recon-
struction [ 25 ], the stabilization of the jaw with 
osteosynthesis plates [ 25 ,  40 ,  41 ], to the bony jaw 
reconstruction using avascular [ 41 ] or microvas-
cular bone fl aps [ 42 – 44 ]. Although success rates 
of    free fl ap bone reconstructions are good, the 
burden of the operation for the patients is not 
negligible. Indeed, the dental rehabilitation using 
dental implants is contraindicated in patients 
with intravenous bisphosphonate administration 
as well as a BRONJ in the medical history accord-
ing to the recommendations of the AAOMS [ 14 ]. 
It should always be considered that the trans-
planted bone is also loaded with bisphospho-
nates. As a matter of fact, the transplanted bone 
can again be affected from BRONJ [ 45 ] not to 
mention failure of the transplant because of a 
higher operation risk due to the comorbidities. 
The limitations have to be considered especially 
the general condition of the patient suffering 
from bone metastasis as well as the prognosis and 
the stage of the underlying disease. Thus, a free 
fl ap bone reconstruction might be in option in the 
treatment of extended BRONJ cases, but it is not 
recommended as the fi rst step in the therapy. 

 The exposed bone in BRONJ is always colo-
nized with bacteria of the oral cavity such as 
actinomyces. Furthermore, the microbial adhe-
sion to the bone appears to be altered under 
bisphosphonate therapy [ 46 ]. Thus, there is 
always a more or less active infection of the 
exposed bone [ 47 ]. Consequently, adjuvant mea-
sures that aim for disinfection of the bone are of 
use to support the surgical treatment such as 
ozone application [ 48 ], laser therapy [ 49 ], and in 
particular a prolonged antibiotic therapy [ 50 ]. 
Antibiotic prophylaxis had a signifi cant impact 
on the incidence of BRONJ after dental proce-
dures in patients under bisphosphonate medica-
tion. The administration of penicillin derivates is 
recommended. In case of allergy to penicillin, 
tetracycline derivates or clindamycin are an 
alternative treatment option. Due to the fact that 
tetracycline and its derivates bind to calcium, 
there might be a depot or long- term effect. 
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  Fig. 7.2    ( a ) 79-year-old man suffering from prostate 
cancer presented ( a ) with a BRONJ stages I–II lesion in 
the right upper jaw. The patient was treated surgically. 
( b ) Intraoperative presentation of the BRONJ. ( c ) 
Intraoperative situation after complete surgical resection 
of the osteonecrosis. Note the broad oroantral fi stula 

( arrow ). ( d ) Wound closure was performed in a two-
layer technique using Bichat’s buccal fat fl ap and muco-
periosteum. ( e ) 4 weeks postoperatively, the patient was 
free of symptoms and showed complete mucosal heal-
ing. ( f ) The postoperative radiograph (case published in 
2012 [ 34 ] (Reprinted with kind permission of Elsevier))       
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 Additional measures such as the application 
of stem cells [ 51 ] and platelet-rich plasma [ 52 ], 
providing an alkaline environment [ 53 ], or the 
administration of parathyroid hormone [ 54 ,  55 ] 
are promising approaches; however, still on an 
experimental level. 

 The challenge as well as the limitations of 
the surgical therapy of BRONJ is that the mar-
gins of the osteonecrosis cannot be exactly 
determined; thus, a clear demarcation of the 
necrotic bone is diffi cult if not impossible [ 13 , 
 29 ,  56 ]. However, the complete removal of the 
necrotic bone is of crucial importance as other-
wise there is the risk of disease recurrence or 
progression [ 25 ,  57 ]. On the other hand, it must 
avoided to unintentionally and unnecessarily 
remove the healthy bone without signs of osteo-
necrosis in order neither to weaken the jawbone 
(danger of fracture) nor to make the situation for 
dental or prosthetic rehabilitation more diffi cult. 
The bone debridement cannot be standardized, 
as it is the surgeon who decides how much bone 
to be removed, because there is no modality, 
which is able to objectify the margins of the 
necrosis. Hence, the surgical therapy is depen-
dent on the surgeon and neither comparable nor 
reproducible in another department. 

 There are numerous studies using various 
imaging modalities in attempts to objectify the 
extent of the osteonecrosis including panoramic 
radiography [ 58 ], CT, SPECT/CT [ 59 ], PET/
CT, MRI, cone-beam CT imaging [ 37 ,  60 ], or 
bone scintigraphy [ 61 ]. However, none of these 
modalities is able to clearly depict the margins 
of the necrosis [ 15 ]. It could be demonstrated 
that the changes of the bone structure (depicted 
by x-ray techniques such as panoramic radiog-
raphy, CT, or cone-beam imaging) are more 
helpful for operation planning compared to the 
depiction of the soft tissue reactions including 
the infection (e.g., by MRI, PET, or scintigra-
phy). Osteosclerosis around sites of infl amma-
tion (e.g., teeth with periodontitis), density 
confl uence of cortical and cancellous bone, and 
prominence of the inferior alveolar nerve canal, 

and a persisting alveolar socket can be early 
radiologic signs [ 58 ]. In later stages, bone 
sequestra, radiolucencies due to osteolysis, and 
cortical disruption as well as periosteal bone 
formation might be present [ 62 ]. However, these 
fi ndings are not stage specifi c and cannot objec-
tify the exact extent of the necrosis. 

 One of the most reliable parameters is the 
intraoperative impression of the surgeon [ 60 ]. 
The surgical debridement in BRONJ therapy is 
commonly performed until the bone appears to be 
“normal,” i.e., the bone structure (porosity), color, 
and texture are similar to the non-affected bone 
sites. However, the personal feeling of a surgeon is 
neither reproducible nor transferable. As a conse-
quence, the comparability of studies with different 
surgeons is limited. What is more, the bleeding of 
the bone is widely accepted to be a sign of a via-
ble bone in the surgical therapy of osteonecrosis 
and in particular in BRONJ. However, it has been 
shown that bone bleeding does not correlate well 
with the histological fi ndings of the vital bone. 
Thus, this fi nding is no appropriate parameter to 
determine the extent or the margins of an osteone-
crosis [ 8 ,  40 ,  56 ]. 

 A helpful technique to distinguish between 
viable and necrotic bone is the use of bone fl uo-
rescence [ 8 ,  40 ,  56 ,  63 ,  64 ]. In addition to the 
antibiotic effect of reducing infl ammation and 
pain in patients suffering from BRONJ, tetracy-
cline and its derivates possess fl uorescence prop-
erties [ 65 ]. Under appropriate excitation light, 
tetracycline derivates show a greenish fl uores-
cence at approximately 525–540 nm [ 66 ]. Due to 
its affi nity to calcium, tetracycline is incorpo-
rated in the bone in particular in areas of bone 
remodeling and bone apposition [ 67 ]. Viable 
bone shows a green fl uorescence that can be visu-
alized intraoperatively by using a VELscope fl u-
orescence lamp (LED Medical Diagnostics, 
British Columbia, Canada), a certifi ed medical 
device approved by the American Dental 
Association for the detection of mucosal tissue 
abnormalities [ 8 ,  40 ,  56 ,  64 ,  68 ]. In contrast, the 
necrotic bone shows no or only pale fl uorescence 
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(see Figs.  7.3  and  7.4 ). Recent reports suggest 
that the VELscope system induces an autofl uo-
rescence of vital but not of necrotic bone leading 
to similar bone fl uorescence fi ndings without tet-
racycline bone labeling [ 69 ].

    As a consequence, a viable and necrotic bone 
can be distinguished during the operation enabling 
to remove the osteonecrosis considerately but 
completely. The resection of the bone necrosis is 
performed until the complete bone is fl uorescing 
under the VELscope light. Reddish fl uorescence 
is considered as bacterial colonization of the 
bone. These areas should be further removed even 
if green bone fl uorescence is present. 

 Due to the fact that this technique is easy to 
apply, is reproducible, and does not rely on the 
subjective impression of the surgeon, it is an 
important milestone towards a standardization of 
the surgical BRONJ therapy auguring an 
improvement of the treatment. 

 Recently, another osteonecrosis entity of the 
jaw has been reported which is due to the therapy 
with antibodies against receptor activator of 
nuclear factor kappaB ligand (RANKL) [ 70 ,  71 ]. 
The fi rst treatment results suggested that this 
osteonecrosis entity might even be more refrac-
tory to conservative therapy compared to BRONJ 
[ 72 ]. Notably, in a recent report, it was demon-
strated that the fl uorescence-guided bone  resection 
is a suitable and successful treatment modality 
for the RANKL-inhibitor or denosumab- related 
osteonecrosis of the jaw (DRONJ) [ 73 ]. Therefore, 

the author recommends to learn from the develop-
ments and pitfalls of the BRONJ therapy and not 
to hesitate too long with surgical  procedures (In 
these patients, extensive dental surgery to treat 
MRONJ may exacerbate the condition) [ 74 ]. 

a

b c

d e

f

  Fig. 7.3    A 70-year-old female patient suffering from mul-
tiple myeloma which was treated with intravenous adminis-
trations of zoledronate presented with a pterygomandibular 
abscess on the right side (thus BRONJ stage II). ( a ) The 
radiograph showed an altered bone structure in the right 
muscular processus ( arrow ). ( b ) After surgical bone expo-
sure, it was not possible to clearly delineate the osteonecro-
sis. ( c ) By the use of a fl uorescence lamp (VELscope), a 
viable bone showed a greenish fl uorescence, whereas the 
osteonecrosis revealed no or only very pale fl uorescence 
( arrow ). ( d ) Clinical picture after fl uorescence- guided bone 
resection, which is performed until ( e ) the bone shows a 
homogeneous greenish fl uorescence. ( f ) The postoperative 
radiograph. The patient is free of symptoms       

 

C. Pautke



87

 Due to the fact that the antiresorptive effects 
of denosumab diminish with time, it is recom-
mended that the therapy is discontinued pref-
erably at least 3 months, if possible 6 months, 
before dentoalveolar surgeries. This is a crucial 
difference to the recommendations for BRONJ 
treatment. Bisphosphonates covalently bind to 
the bone, and bone parameters are altered for 
over 10 years.    Currently, there is no evidence that 
the discontinuation of a bisphosphonate therapy 

leads either a lower BRONJ incidence after den-
tal surgeries or to favorable treatment outcomes 
of BRONJ [ 15 ]. 

    Conclusion 

 Even though conservative treatment might be 
able to slow down disease progression and 
alleviate superinfection of the exposed bone, 
surgical treatment protocols have shown supe-
rior results with regard to complete mucosal 

a b

c d

e f

  Fig. 7.4    Surgical therapy of the same patient presented 
in Fig.  7.1 . The surgical resection of the osteonecrosis was 
performed under fl uorescence guidance. ( a ) Clinical pic-
ture after subperiosteal exploration. ( b ) The extent of the 
osteonecrosis became obvious using the fl uorescence 
lamp. The reddish fl uorescence is considered as bacterial 

infection. ( c ) After complete debridement, the bone 
showed a homogeneous greenish fl uorescence indicating 
viable bone ( d ). ( e ) Resected necrotic bone. ( f ) Clinical 
situation with mucosal closure 4 weeks after the opera-
tion. The patient is free of symptoms (case published in 
2011 [ 8 ] (Reprinted with kind permission of Elsevier))       
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healing. Surgical intervention should be con-
sidered in all MRONJ stages (also stages 0 and 
I) in terms of histological confi rmation of the 
diagnosis MRONJ as well as preventing dis-
ease progression. The fl uorescence-guided 
bone resection is an innovative and promising 
treatment modality for BRONJ which seems 
to be applicable for the treatment of deno-
sumab-related osteonecrosis of the jaw 
(DRONJ) as well.     
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     Therapeutic planning and treatment for MRONJ 
and BRONJ should be considered in two different 
ways. On the one hand, there is the need for removal 
of the exposed and necrotic bone, as described in 
the treatment chapter by Pautke [ 1 ]. On the other 
hand, there is a need for a watertight defect closure 
to minimize the risk of microbial  contamination of 
the bone and ensure good healing of the bone. It is 
essential to realize this bone undergoes a different 
type of healing process due to the pathophysiology 
and the metabolism of the bisphosphonates (or other 
antiresorptives) [ 2 ,  3 ]. Additionally, these patients 
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may be  immunosuppressed or have  carcinomatosis 
which also contributes to a prolonged and compli-
cated healing of all wound defects. This is demon-
strated by a very high relapse rate of patients after 
completion of therapy of MRONJ and BRONJ [ 4 ]. 
The relapse rate varies between 11 and 50 % in these 
patients observed mostly over a 2-year period. There 
are only a few studies with a close follow-up period 
[ 1 ,  4 – 12 ]. The impact of MRONJ and BRONJ for 
these patients in their daily quality of life is well 
known [ 13 ]. The need for further effective treatment 
which is acceptable in conjunction with their onco-
logical treatments and does not further damage their 
remaining quality of life is challenging [ 13 ]. 

 In view of this, there are several options for 
defect closure dependent on several factors which 
should be considered in the choice of treatment 
[ 7 ,  12 ,  14 ,  15 ]. If the bone can be completely 
debrided and there are enough soft tissues avail-
able, a simple technique should be favored [ 4 ]. 
Local tissue techniques in conjunction with a 
standardized routine conservative treatment (anti-
biotics, mouth rinse, omit dentures, soft diet, or 
in extended cases nasogastric tube) are of value 
[ 16 ,  17 ]. Large areas of exposed bone are more 
diffi cult to treat than small ones for self- evident 
reasons [ 4 ]. Patients with multiple relapses of 
BRONJ and exposed bone also require more 
extensive surgery, since the soft tissues around 
the damaged bone have been shown to undergo 
damaging change which reduces the effectiveness 
of local tissue for surgical wound closure [ 4 ,  10 , 
 18 ]. The more recurrences are observed, the more 
likely the need for more extensive surgery due to 
the loss of surrounding healthy soft tissue [ 4 ,  10 ]. 

 Early proactive treatment has a positive effect 
on the outcome [ 19 ,  20 ] and maximizes the chance 
to prevent further complications such as man-
dibular fractures, pain, extension of MRONJ and 
BRONJ, and the development of fi stulas. This, in 
turn, reduces the demand for more extensive sur-
gical procedures [ 4 ,  10 ,  20 ]. The primary concept 
is to remove all necrotic bone, retain vascularized 
apparently healthy bone, restore mucosal integrity 
to cover the underlying bone, prevent abnormal 
movement, and seal any abnormal communica-
tions. To achieve this, bearing in mind the extent 
of hard and soft tissue destruction and the comor-
bidity and prognosis of the patient, all approaches 
even microvascular free fl aps should be considered 

if necessary [ 14 ,  15 ,  21 ]. Patients with reasonable 
life expectancy with regard to their malignant dis-
ease who are having signifi cant life-altering symp-
toms should be considered for reconstruction by 
any appropriate means up to and  including micro-
vascular tissue transfer after aggressive resection 
of the affected region [ 14 ,  15 ,  21 ]. Only a very 
limited number of patients are likely to be in this 
category and are not suffi cient to clarify a new 
standard treatment modality [ 14 ,  15 ,  21 ] but just as 
metastasectomy and hip replacement can improve 
quality of life in palliative oncology patients so can 
radical resection and reconstruction of painful, mal-
odorous, or dysfunctional MRONJ and BRONJ. 
Individualized therapy seems to be appropriate 
for the patient in accordance to the stage of the 
oncological disease, the extension of MRONJ and 
BRONJ as well as the motivation and life expec-
tancy of each individual [ 13 ]. 

 Beyond the conservative treatment options, 
there are a broad variety of surgical options. As the 
bone is debrided, several versions of wound clo-
sure are available dependent on the area of expo-
sure, presence or absence of intact healthy bone as 
well as the available soft tissue. We outline some 
of the more suitable and common techniques. 

    Local Flaps 

    Mucosal Flap 

 The mucosal fl ap is a local fl ap providing tissue 
close to the area of the exposed bone. The incision 
should be minimal and aim for tensionless defect 
coverage and a broad supply of the minimally mobi-
lized mucosa. The rationale for minimizing the fl aps 
is that subperiosteal dissection will also require 
osteoclast activation – the essential underlying 
defect in MRONJ and BRONJ. For this reason, the 
ideal socket closure is achieved by reducing the 
intrasocket alveolar bone by bur and allowing the 
surrounding mucosa to “collapse” over the socket 
and sutured to create a watertight seal. Larger local 
mucosal fl aps are necessary for mucosal dehis-
cences, and fi stulas should be included in the surgi-
cal planning of the incision line. The surrounding 
mucosal parts of the exposed bone should be excised 
since they are chronically infl amed and unlikely to 
heal [ 18 ]. The mucosal fl ap should be inserted into 
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the defect area in a watertight manner by circular 
suturing. With the help of marionette sutures and 
circular careful mobilization of the mucosa, a water-
tight wound closure can be achieved (Fig.  8.1 ).

       Buccal Mucosal Flap 

 The buccal mucosal fl ap is also a very versatile 
axial- or random-pattern fl ap with a much greater 
and better fl exibility than the palatal fl ap [ 22 – 24 ]. 
Palatal bone is exposed in the palatal fl ap tech-
nique which is counterproductive in a patient 
with MRONJ and BRONJ. Therefore, the palatal 
fl ap is not indicated, but the buccal mucosal fl ap 
can be useful in small defects [ 24 ]. 

 This fl ap can be based on the anterior or pos-
terior part of the buccal mucosa, incorporating 
the buccal branch of the facial artery with some 
parts of the buccinator muscle if necessary [ 22 –
 24 ]. The mucosa is incised including underlying 
glandular tissue, but the parotid duct should be 
preserved [ 22 ]. As mentioned above, parts of the 
buccinator muscle can be integrated as an axial- 
pattern fl ap if necessary [ 22 ,  23 ]. We prefer ante-
riorly based buccal mucosal fl aps for defects in 
the incisional area of the alveolar crest and pos-
teriorly based fl aps for defects in the premolar or 
molar area.  

    Buccal Fat Pad Flap 

 The buccal fat pad fl ap is one of the most reliable 
fl aps in the management of BRONJ in the upper 
jaw, as this fl ap offers additional tissue to cover 
mucosal defects [ 25 ,  26 ]. The exposed fat rapidly 
mucosalizes by epithelial seeding. The buccal fat 

pad is located in the cheek and surrounded by a thin 
capsule [ 27 ,  28 ]. The fat pad consists of four parts 
in the buccal, temporal, pterygoidal, and pterygo-
palatine area. The central and buccal parts are the 
most reliable and can easily be used for additional 
coverage especially in the upper but also in the 
lower jaw if necessary [ 27 ,  28 ]. The vascular sup-
ply of this fl ap is provided by small branches aris-
ing from the maxillary, facial, and superfi cial 
temporal artery [ 27 ,  28 ] entering the deep surface 
of the fat pad. This fl ap can be exposed and mobi-
lized easily by incising the periosteum underlying a 
buccal mucoperiosteal fl ap [ 27 ,  28 ]. This fl ap can 
be combined with a standard mucosal fl ap 
(Fig.  8.2 ).

       Mylohyoid Flap 

 The mylohyoid fl ap can be used if the lingual 
part of the mandible is affected. In such cases 
mucosal fl aps are not best suited due to the ten-
sion of the fl oor of the mouth as well as the 
alveolar crest and the vestibular mucosa [ 29 ]. 
Especially in cases of relapsing BRONJ at this 
site, the mylohyoid muscle fl ap can be used 
for defect coverage in the same manner as the 
buccal fat pad fl ap for additional coverage of 
the bone [ 4 ]. The mylohyoid fl ap is a myofas-
cial fl ap which is accessible at the lingual bor-
der of the mandible, inserting at the mylohyoid 
line. The muscle is detached from here, mobi-
lized and placed over the decorticated mandible 
with interrupted and tensionless sutures [ 29 ]. 
A mucosal fl ap should also be used, but is not 
essential due to the capacity of intraoral exposed 
muscle fl aps to rapidly mucosalize albeit with 
fi brosis and scarring [ 30 ] (Fig.  8.3 ).

  Fig. 8.1    Example of a BRONJ defect in the lower right 
jaw with a persistent exposed alveolus ( left ). The mucosal 
fl ap is designed in a trapezoid manner, and the decortica-

tion and debridement are performed ( middle ). After peri-
osteal incision, the mucosal fl ap is sutured into the defect 
( right )       
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  Fig. 8.2    Example of a BRONJ defect in the upper right 
jaw with exposure of the maxillary sinus ( upper left ). The 
buccal fat pad fl ap can be exposed at the pterygopalatine 

line ( upper right ). After careful mobilization ( lower left ), 
the buccal fat pad fl ap is sutured into the defect and cov-
ered by an additional mucosal fl ap ( lower right )       

  Fig. 8.3    Example of a BRONJ defect in the lower left jaw 
with exposure of the lingual part of the mandible ( upper 
left ). The mylohyoid muscle fl ap can be exposed at the 

mylohyoid line and mobilized ( upper right ). After careful 
fi xation over the debrided mandible ( lower left ), this fl ap is 
covered by an additional mucosal fl ap ( lower right )       
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       Nasolabial Flap 

 The nasolabial flap is a random-pattern flap 
relying on the subdermal plexus of vessels 
arising from small branches of the facial 
artery and accompanying veins. While it can 
be raised on the facial vessels, this by defini-
tion disrupts the muscles of facial expression 
and is entirely unnecessary. This flap can be 
based on a cranial or caudal pedicle, although 
the caudally based type of this flap is more 
valuable for intraoral reconstruction [ 31 ]. The 
incision is outlined in the nasolabial fold and 
as far lateral as needed. The incision is through 
skin and subcutaneous fat [ 31 ,  32 ]. The distal 
part of the flap includes thin lower eyelid skin 
and the proximal thicker subcutaneous flap. 
The facial vessels are often seen in the deeper 
fat of the face and are not included in the flap 
itself. A tunnel is created just above this point 
through into the mouth. This is widened by 
blunt dissection and the distal end of the flap 
passed into the mouth for inset. Parrafin gauze 
is wrapped around the base of the pedicle to 
prevent it healing into the tunnel [ 31 ,  32 ]. The 
flap is limited by its axis of rotation and is not 
a good choice in the dentate patient. The donor 
site defect in the nasolabial fold is surprisingly 
easily closed directly in two layers [ 31 ,  32 ]. 
The singular disadvantage to this technique 
is the need to divide and inset the pedicle at 
3 weeks necessitating a second operation, 
although the second stage can be performed 
under local anesthesia. With this type of flap, 
both defects of the upper and lower jaw can be 
covered [ 32 ,  33 ] (Fig.  8.4 ).

        Microvascular Free Flaps 

    Radial Forearm Flap 

 This reliable, common fl ap provides thin, pliable, 
and reliable skin from the forearm. The skin is 
hair bearing in many men. The fl ap design was 
fi rst described in 1981 [ 34 ]. Before this fl ap can 
be raised, an Allen test should be performed to 
ensure the perfusion of the hand [ 35 ]. The fl ap 
raising is straightforward, but the microvascular 
anastomoses of the accompanying venae comitans 
might be more challenging in some patients due 
to their small diameter. Flap harvesting normally 
starts at the ulnar site of the forearm, raising a fas-
ciocutaneous portion of the forearm being careful 
to leave the paratenon which creates a donor site 
of muscle and paratenon which readily accepts a 
split- or full-thickness skin graft. The radial artery 
and accompanying venae are identifi ed at the 
most distal point of the fl ap, usually 2 cm proxi-
mal to the fl exor crease (minimizing the tension 
on the repairing skin graft). These vessels should 
be ligated and then dissected after identifying 
the superfi cial branch of the radial nerve, which 
should be preserved. The fl ap can be raised with 
the cephalic vein and the lateral antebrachial cuta-
neous nerve of the forearm [ 34 ]. Neither is essen-
tial for success of the fl ap. The vascular pedicle 
lies between the fl exor carpi radialis muscle and 
the brachioradialis muscle. The vascular bundle 
should be dissected from the deep septum (which 
carries perforating vessels to the radius in 40 % of 
which can be included creating an osteocutaneous 
fl ap) followed by ligation or even bipolar coagula-
tion of the muscular perforators arising from the 

  Fig. 8.4    Example of a nasolabial fl ap after planning ( left ). The fl ap is prepared ( middle ). After intraoral transposition, 
the fl ap is sutured into the defect ( right )       
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radial artery and its concomitant veins. The ped-
icle length can be dissected to the length dictated 
by the site of reconstruction and microvascular 
anastomosis. If necessary, the microanastomoses 
can also be performed at the contralateral neck of 
reconstruction if needed. The donor site should 
be closed by a full-thickness skin graft or a split- 
thickness skin graft [ 36 ].  

    Osteocutaneous Fibular Flap 

 Reconstruction with the fi bular bone fl ap was fi rst 
described by Taylor et al. in 1975 [ 37 ] and was 
modifi ed by Chen and coworkers with an inte-
grated skin paddle [ 38 ]. The skin paddle allows 
good defect coverage of the affected mucosa and 
makes this type of fl ap suitable in patients with 
extensive MRONJ. This fl ap is especially benefi -
cial in cases with pathological fractures of the man-
dible requiring continuity resections and additional 
mucosal reconstruction [ 14 ,  15 ,  21 ]. 

 The vessels of the lower leg should be assessed 
by magnetic resonance imaging or computed 
tomography combined with an angiographic 
visualization [ 39 ]. While it is extremely unlikely 
that the fi bula will be a site of metastases of the 
primary disease, this should be excluded. It may 
be helpful to assess the perforator inserted into 
the skin paddle by a Doppler examination. The 
dissection starts with an incision along the fi bu-
lar bone on the peroneus longus muscle 2 cm 
anterior to the intermuscular lateral septum. In 
the area of the anticipated perforator, the inci-
sion should be curved anterior to the line of 
the fi bula. The subcutaneous tissue is dissected 
down to the muscular fascia and intermuscular 
septum to the peroneal muscles. The perforator 
vessels become visible in most cases. The lateral 
part of the fi bular bone should be dissected, and 
the fl exor hallucis muscle is dissected from the 
soleus muscle. The peroneal artery can be pal-
pated behind the fi bular bone and is carefully dis-
sected. The distal osteotomy of the fi bular bone 
should be performed 6–8 cm above the lateral 
malleolus. The proximal osteotomy should pre-
serve a similar amount of fi bular bone below the 
fi bular head   . The fi bular bone is then mobilized 

by dissection of the intermuscular fascia and 
interosseous membrane. The guide to this part 
of the preparation is the tibialis posterior muscle 
with its v-shaped muscle bundles. The pedicle 
should be cut after ligation at the most distal 
part of the fi bular bone. The skin paddle is then 
incised, but the intermuscular septum should be 
left intact as the perforators are located in this 
area. The pedicle is further dissected and the 
fl ap raised completely, then either detached and 
shaped on a side table or osteotomized to a pre-
formed template on the leg while still perfused to 
allow reconstruction of the mandible and the soft 
tissue defect. The anastomosis can be performed 
to the standard vessels of the neck as they are 
of good diameter and the pedicle length is long. 

 The shaping of the fi bula is one of the advan-
tages described in the literature but also prolongs 
overall operation time [ 40 ,  41 ]. The fl exibility of 
the skin paddle is another advantage of the fi bular 
free fl ap but also is time consuming due to the 
handling of the skin paddles containing small 
perforators [ 42 ]. The cutaneous component of the 
fl ap provides additional soft tissue for recon-
struction of resected fi stulas as in the presented 
cases and helps to establish tension-free wounds 
in the oral cavity as well [ 14 ]. 

 The fi bula fl ap is associated with signifi -
cantly fewer complications such as infections at 
the recipient site and free fl ap loss compared to 
the iliac crest fl ap [ 41 ]. Debate continues as to 
whether the ileum or the fi bula leave the more 
signifi cant donor site defect although a majority 
would agree the ileum is more morbid. The DCIA 
composite fl ap has an unreliable skin component 
although the bulky internal oblique muscle can 
be used as a well-vascularized space fi ller which 
subsequently scars down into fi brous neomucosa. 

 Although bisphosphonates are also integrated 
into the transferred fi bular fl ap, as they are 
 systemic and present in all bones, the evidence 
to date is that this kind of bone with a direct 
blood supply and minimal demand on osteo-
clasts in integrating into the neomandible by 
internal fi xation and prevention of contamina-
tion by a watertight mucosal seal has little risk of 
developing osteonecrosis related to bisphospho-
nates [ 14 ,  15 ,  21 ]. This is a high-risk strategy as 
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if the fi bula fl ap is not well perfused, the risk of 
fl ap failure and total necrosis of the transferred 
fl ap and surrounding bone would be increased 
[ 14 ,  15 ,  21 ]. The risk of occurrence of BRONJ 
within the fl ap should be critically observed, 
although just one report can be found in the lit-
erature [ 43 ]. While this may be due to technical 
failure, management of this risk should be kept 
in focus if a microvascular free fl ap is consid-
ered. The surgeon’s objective should always be 
to “do no net harm.” 

 Therapeutic options for treating established 
MRONJ range from comparatively simple to the 
much more complex and require intensive com-
munication between the patient, contributing 
professionals, and an experienced surgeon. An 
interdisciplinary approach should be favored to 
provide best possible outcome for the patient. 
The limitations of each therapeutic concept have 
to be considered in accordance with the general 

condition of the patient, their needs, wants and 
aspirations, life expectancy, or other signifi cant 
prognosis due to the stage and nature of the 
underlying disease. Thus, a microvascular free 
fl ap reconstruction containing bone might be an 
option in the treatment of extended MRONJ 
cases, but it is not recommended as the fi rst step 
in the therapy. It should, however, be critically 
appraised for special cases (Fig.  8.5 ).

        Conclusion 

 Several conservative and surgical options are 
available to treat patients with established 
MRONJ. Prevention will always be better 
than cure. Each patient’s demands require an 
individualized therapy approach integrating 
an interdisciplinary decision making process 
including all of the available treatment options. 
Depending on the prognosis of the  underlying 

  Fig. 8.5    Example of a patient with an extensive BRONJ 
at the intra- and extraoral part of the mandible ( upper 
row ). After continuity resection, the fi bular osteocutane-

ous free fl ap was inserted ( lower left ) containing a skin 
paddle for the extraoral defect site ( lower right )       
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disease, the patients’ symptoms, and their 
 individual needs and wants, a cautious thera-
peutic plan is recommended. Extensive surgery 
should only be applied in special cases respect-
ing the surgeons´ experience and extent of 
MRONJ of the patient.     
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        Hyperbaric Oxygen Therapy 

 The usefulness of hyperbaric oxygen (HBO) 
is well reported in literature when normal 
wound healing is impaired such as in the 
osteoradionecrosis or osteomyelitis of the 
jaws. Impaired vascularisation has been indi-
cated among the etiopathogenetic factors of 
MRONJ. HBO possesses signifi cant angio-
genic potential and therefore may contribute to 

        P.   Vescovi ,  DDS, MSc      (*) •    M.   Manfredi ,  DDS, PhD    
   E.   Merigo ,  DDS   
  Polo Clinico di Odontostomatologia – Unità di 
Odontostomatologia, Dipartimento di Scienze 
Biomediche, Biotecnologiche e Traslazionali , 
 Università di Parma ,   Via Gramsci 14 , 
 Parma   43100 ,  Italy   
 e-mail: paolo.vescovi@unipr.it;
maddalena.manfredi@unipr.it; 
elisabetta.merigo@unipr.it  

  9      Adjuvant Treatment Options 
in the Management 
of Medication-Related 
Osteonecrosis of the Jaw 

           Paolo     Vescovi      ,     Maddalena     Manfredi     , 
and     Elisabetta     Merigo    

    Abstract  

  MRONJ therapy is currently controversially discussed and remains a 
dilemma: there are no evidence-based guidelines on the management of 
this disorder [ 1 ]. The fi rst objective of MRONJ treatment is to alleviate 
pain, reduce infection and stabilise the progression of disease with the 
closure of bone exposure. Several authors reported in  literature two oppo-
site approaches: surgical and non-surgical treatment [ 2 ]. Non-invasive 
treatment options include medical therapy, hyperbaric oxygen therapy, 
ozone therapy and the use of laser. The main problem of medical therapy 
(local or systemic) is the temporary clinical successful result with abscess, 
pain and swelling improvement but followed, after a mean of 3 weeks, by 
a relapse of infection and symptoms [ 3 ]. Moreover, it is important not to 
forget that these patients undergo chemotherapy, are debilitated by their 
malignancy and are thus not always able to bear the side effects of pro-
longed therapeutic antibiotic schedules. The risk of opportunistic infec-
tions is high as well as the possible side effects to the respiratory tract with 
a high mortality rate in old and immune-compromised patients. The adju-
vant treatments, such as hyperbaric oxygen therapy, low-level laser appli-
cations and laser surgery, can help to reduce the antibiotic cycles and 
improve clinical results [ 4 ].  

mailto: paolo.vescovi@unipr.it
mailto:
maddalena.manfredi@unipr.it
mailto:
maddalena.manfredi@unipr.it
mailto: 
elisabetta.merigo@unipr.it
mailto: 
elisabetta.merigo@unipr.it


104

the  hypervascularisation of the osteomyelitic 
part of the jawbones. The benefi ts of this treat-
ment have been attributed to the improvement 
of vascular fl ow in both hard and soft tissue 
due to its antibacterial activity by the oxygen 
gradients. Recent studies have revealed that 
HBO mediates the increase of reactive oxygen 
species (ROS) and reactive nitrogen species 
(RNS) production associated with different 
types of tissue wound healing [ 5 ,  6 ]. 

 Furthermore, other studies showed that 
HBO is effective for the treatment of MRONJ 
counteracting a BP-induced suppression of 
osteoclasts. ROS stimulates the expression of 
RANKL changing the RANKL/osteoprotegerin 
ratio and favouring osteoclasts differentiation. 
In addition, bisphosphonate-induced apop-
tosis can be suppressed by oxygen-sensitive 
osteoclastogenic cytokines (tumour necrosis 
factor-α, macrophage colony-stimulating fac-
tor, RANKL and interleukin-6α). HBO may be 
also useful in MRONJ treatment due to its bac-
tericidal activity against anaerobic species with 
an improvement of necrotising infections and 
hypoxic wounds, oedema, reduction of infl am-
mation, stem cell mobilisation, angiogenesis 
and cell proliferation [ 7 ]. 

 However, the main limit of HBO is its contra-
indication in oncological patients due to the pres-
ence of malignancy and metastatic bone disease 
and in patients affected by claustrophobia and/or 
ear or lung diseases. In addition, HBO is always 
recommended in combination with medical or 
surgical therapy and not alone: it is diffi cult to 
evaluate if the clinical results obtained are com-
pletely due to HBO or to the other conventional 
treatments [ 4 ].  

    Ozone Therapy 

 Ozone has positive effects on hard and soft tis-
sues by stimulation of endogenous antioxidant 
systems and by blocking the xanthine/xanthine 
oxidase pathway for ROS generation with an 
improvement of blood fl ow. Moreover, ozone 
increases red blood cell concentration and 

 haemoglobin rate and stimulates diapedesis and 
phagocytosis of reticulo-histiocytes system [ 8 ]. 
Authors proposed the use of ozone combined 
with surgical therapy in the management of 
MRONJ or to improve healing of alveolar sock-
ets after dental extractions in patients receiving 
bisphosphonates [ 9 ]. Stimulating effects of ozone 
represent a possible help for patients affected by 
avascular necrosis, thanks to ozone antibacterial 
and analgesic properties. The protocol consisted 
of local minor surgical curettage and pre-, intra- 
and post-operative ozone therapy. Ozone was 
applied during follow-up twice a week for 5 min 
for 20 days until wound healing [ 10 ]. A prelimi-
nary open label, prospective phase I–II study in 
patients treated with bisphosphonate was planned 
to evaluate the treatment effect and tolerability of 
medical ozone (O(3)) delivered in an oil suspen-
sion on MRONJ lesions ≤2.5 cm. Ten consecu-
tive patients with MRONJ lesions, who were not 
responsive to conservative treatment, were pre-
treated for 10 days with antibiotics to reduce 
purulent secretions on the gum. The exposed 
bone and osteomucosal edges were cleaned using 
an ultrasonic scaler. MRONJ lesions were then 
treated with 10 local applications of medical 
O(3) delivered in an oil suspension for 10 min. 
In all patients, mucosal lesions resolved with 
complete reconstitution of oral and jaw tissue, 
with 3–10 applications. No toxicity was reported. 
Unexpectedly, total sequestration of the necrotic 
bone, with spontaneous expulsion in 8 patients 
and new bone formation around the necrotic 
area in two patients, was observed. No patient 
required surgical intervention. In two patients 
with pre- and post-treatment X-rays, no residual 
bone lesions were observed after treatment [ 11 ]. 
Other authors presented their protocol based upon 
medical treatment, antibiotic and antimycotic 
agents, together with minimally invasive surgery 
and ozone therapy as regenerating factor for tis-
sues. In 90 % of the cases, the results confi rmed 
the procedure with successful outcomes [ 12 ]. 
These preliminary results show the effi cacy and 
tolerability of O(3) applied directly to MRONJ 
lesions without side effects and contraindications 
with a safe and easy technique.  
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    Laser Therapy 

    Low-Level Laser Therapy (LLLT) 

 Several studies have shown the positive effect 
of laser applications at low intensity (low-level 
laser therapy [LLLT]) on the repair process of 
human tissues. The effects of LLLT on the tro-
phism of skin and mucosa and stimulation of 
blood capillaries have been reported by several 
authors and these observations could, to some 
extent, give support for a possible usefulness 
of laser bio- stimulation in the treatment of 
MRONJ [ 13 ]. LLLT improves reparative pro-
cess, increases inorganic matrix of bone and 
mitotic osteoblastic index and stimulates lym-
phatic and blood capillary growth. Most of the 
studies published regarding LLLT and muco-
sal wound healing have examined the effects 
of laser beam on fi broblast cell growth and 
locomotion and production of collagen [ 14 ]. 
LLLT improves bone healing in traumatised 
sites and increases mineralisation during the 
regenerative bone process after dental implant 
placement [ 15 ,  16 ]. Different wavelengths have 
been used for LLLT such as He-Neon, Er:YAG, 
diode, CO2 and Nd:YAG. Laser beam produces 
some changes in cellular metabolism: the light 
is absorbed by the primary photoacceptors and 
this event triggers the usual machinery of the 
existing cell regulation mechanism. The univer-
sality of the LLLT effects and the possibility of 
using different wavelengths for irradiation are 
accounted by the fact that the primary photo-
acceptors of monochromatic visible light are 
the respiratory chain components. The inten-
sity of the effects depends on the physiologi-
cal state of the cell at the moment of irradiation 
and on the wavelength. LLLT has probably a 
photochemical mechanism with energy fi rstly 
absorbed by intracellular mitochondrial chro-
mophores and thus converted to metabolic one 
involving the respiratory cytochrome chain 
[ 17 ]. Laser light increases the singlet oxygen, 
which acts as free radical that infl uences the 
production of ATP and the formation of trans-
membrane electrochemical proton gradients in 

mitochondria. The irradiation seems to increase 
the release of PGE2 and this reaction contrib-
utes to the  process of bone and mucosal healing 
[ 18 ]. A two-step mechanism is involved in the 
interaction of the laser irradiation and the bone 
repair  process: the fi rst is probably related to 
the activation of osteoblasts to produce bone 
matrix. In a subsequent stage, an inhibitory 
photobiological mechanism would decrease the 
osteoblasts activity and LLLT would stimulate 
osteoclasts activity to promote bone resorption 
and remodelling [ 19 ]. 

 In a study, out of 14 MRONJ patients treated 
with LLLT using Nd:YAG laser (1.25 W and 
15 Hz) and antibiotic therapy (2 g of amoxicillin 
and 1.5 g of metronidazole a day for 2 weeks), 9 
had had complete mucosal healing and 3 improved 
their symptomatology. The clinical success was 
maintained in 12 patients (85.7 %) during 6 
months of follow-up [ 20 ]. Other studies reported 
clinical success with LLLT  performed with a 
pulsed diode laser. In the majority of patients after 
4 weeks of treatment, the authors observed a sig-
nifi cant reduction of pain, oedema, size of bone 
exposure, pus, fi stulas and halitosis [ 21 ,  22 ]. 

 Trauma during dental surgery is a predispos-
ing factor for MRONJ. However, about 40 % of 
cases of MRONJ are not related to dental invasive 
procedures, being probably associated to end-
odontic or periodontal infections. Extraction of 
non-treatable teeth is considered a reliable choice, 
to improve symptoms and to reduce the risk of 
MRONJ. In our experience, antibiotic treatment 
(administered 3 days before and 2 weeks after 
tooth extractions) associated with intra-operative 
LLLT and during 4 weeks after surgical procedure 
using Nd:YAG laser (1064 nm, power 1.25 W, 
frequency 15 Hz, fi bre diameter 320 μm, 5 appli-
cation of 1 min each) has proved to be a good pro-
tocol to prevent the onset of MRONJ [ 23 ]. 

 LLLT appears a good option to prevent and 
treat MRONJ: it represents a safe and non- 
invasive procedure, well tolerated by patients 
and without side effects. It is recommended for 
both cancer and noncancer patients and it could 
be important for cases of MRONJ that require a 
nonsurgical management.  
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    Mini-invasive Laser Surgery 

 In MRONJ patients, laser can be also used for 
conservative surgery. A clinical example is given 
in Fig.  9.1a–e . In particular, necrotic bone may 
be vaporised until healthy bone is reached. The 
surgical technique involves Er:YAG (2,940 nm), 

a solid-state laser where the active medium is a 
crystal of yttrium-aluminium-garnet doped with 
erbium. The erbium laser penetrates only very 
slightly (0.1 mm), providing safety guarantees 
and allowing for precision, minimally invasive 
treatment, inducing a much lower increase in 
temperature in bone than conventional rotary 

  Fig. 9.1    ( a ) MRONJ stage 1: spontaneous bone exposure 
without infl ammation or pus discharge in a patient with 
prostatic cancer and bone metastasis treated with intrave-
nous zoledronic acid for 15 months. ( b ) Minimally inva-
sive bone evaporation with erbium laser (Er:YAG 

2,940 nm). ( c ) Intra-operative laser bio-stimulation 
(Nd:YAG 1064 nm). ( d ) Wound closure using two resorb-
able stitches. ( e ) Complete mucosal healing after 1-year 
follow-up (Reprinted with kind permission of Springer 
Science + Business Media)         

a b

c

d
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tools (cold ablation) [ 24 ]. One undoubted advan-
tage of this technique is the bactericidal and 
bio- stimulatory action of the laser beam, as it is 
frequently reported in literature on periodontal 
bacteria [ 25 ]. The Er:YAG laser can help ver-
sus the  Actinomyces  and anaerobes species in 
MRONJ treatment [ 26 ].

   Pourzarandian et al. reported quicker heal-
ing of bone and of coating tissues following sur-
gery with the erbium laser [ 27 ]. The histological 
examination 14 days after surgery performed 
with Er:YAG laser showed an improvement in 
the bone repair compared to the other side treated 
with conventional instruments [ 28 ]. 

 The use of erbium laser allows bone resection 
of the upper and lower jaw affected by MRONJ 
even under local anaesthesia. Surgical debride-
ment can also be performed, evaporating gradu-
ally the portion of the necrotic bone at increasing 
depths close to the healthy bone [ 29 ]. This mini- 
invasive technique of bone evaporation allows to 
obtain bone surfaces cut on regular basis and can 
be used to create micro-perforations at the base 
for renewed vascularisation. 

 In our experience, early treatment of MRONJ 
lesions (also in stage 1) allows better results 

and it is possible to perform minimally invasive 
interventions [ 30 ]. Laser device can be used in 
noncontact or near-contact way on three dif-
ferent surgery techniques: sequestrectomy and 
debridement, sequestrectomy and corticotomy 
and vaporisation [ 31 – 33 ]. 

 Surgical approach allows better results in 
comparison to medical treatment alone in the 
management of MRONJ and laser surgery rep-
resents a valid therapeutic option, allowing a 
 minimally invasive treatment of early stages of 
the disease [ 34 ,  35 ].   

    Conclusions 

 MRONJ therapy remains a controversial issue 
and there are no evidence-based guidelines. 
The principal treatment goal for patients 
affected by jaw osteonecrosis is to provide 
relief from signs and symptoms (some-
times diffi cult to control with drugs) caused 
by lesions that, when present, often deter-
mine a worsening of their quality of life sta-
tus, already infl uenced by their pathology. 
Medical treatment (antiseptics and/or anti-
biotics prolonged for 2–3 months) induces 
a temporary relief often followed by a rapid 
worsening of signs and symptoms. However, 
the associations of antibiotics with adjuvant 
treatments in comparison to medical therapy 
alone may determine a greater improvement 
of the lesions for a longer period of time. 
Applications of HBO, ozone or laser (always 
associated with medical therapy) may offer an 
aid in the treatment of MRONJ lesions, espe-
cially for patients that for different reasons 
(e.g. bleeding problems, immune depression, 
age, co-morbidities) cannot be treated with 
conventional surgery. These additional tech-
niques represent a non-invasive treatment to 
manage symptoms of MRONJ, but, in the long 
term, the results regarding complete mucosal 
healing are improved when combined with a 
surgical approach. 

 The erbium laser allows surgical debride-
ment of jaw bone under local anaesthesia 
through a minimal invasive intervention 
and with a bactericidal and bio-stimulatory 
action and a better post-operative recovery. 

e

Fig. 9.1 (continued)
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For these reasons, in our experience, the 
laser  applications (LLLT and laser surgery) 
appear to be a promising modality of MRONJ 
treatment.     
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        Introduction 

 In the current literature, treatment options for 
patients with established medication-related 
osteonecrosis of the jaw differ. While the fi rst 
guidelines focused on preserving the patient’s 
quality of life by controlling pain and secondary 
infection, nowadays there is a trend to a more sur-
gical approach with the aim of complete mucosal 
healing of the lesions [ 1 ,  2 ]. 

 As described in the previous chapters, a 
large variety of treatment modalities have been 
reported including conservative medical man-
agement, various types of surgery, hyperbaric 
 oxygen, and ozone and laser therapy [ 3 – 5 ]. 
In large lesions with pathological fractures, 
reconstruction with vascularized or nonvascu-
larized bone has been described, but remains 
problematic due to poor bone healing and an 
obligatory graft resorption phase, donor site 
morbidity, and infection of foreign material. 
Because bisphosphonates are often administered 
in patients with generalized bone pathologies 
and the molecules not only bind to the jaws, it is 
not unlikely that the transferred bone will either 
be affected by bony metastases or also develop 
osteonecrosis of the jaws [ 6 ,  7 ]. 

 In osteonecrotic lesions, among others, the 
lack of osteogenic precursors and a shortage 
of endothelial progenitor cells (EPCs) cause 
an insuffi cient vascular support, so that safe 
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 alternative therapies are needed to enhance the 
osteogenesis and vasculogenesis [ 8 ,  9 ]. 

 While tissue engineering is the branch that 
brings biology, bioengineering, clinical  sciences, 
and biotechnology together for the purpose of 
generating new tissues and organs and the devel-
opment of biologic substitutes that can restore 
and maintain normal function, a variety of 
approaches are utilized that combine the use of 
morphogens, growth factors, and cytokines, with 
scaffolds and carriers and cells [ 10 – 12 ]. 

 During the last years, the increased interest on 
stem cells allowed the evolution of new horizons 
in treatment perspectives. Stem cells are imma-
ture, undifferentiated cells that can divide and 
multiply for an extended period of time, differ-
entiating into specifi c types of cells and tissues. 
They are defi ned as cells that self-replicate and 
are able to differentiate into at least two different 
cell types, and both criteria must be present for a 
cell to be called a “stem cell” [ 13 ,  14 ]. Embryonic 
stem cells (ESCs), adult stem cells (ASCs), and 
induced pluripotent stem cells (iPSCs) represent 
the three different major types of stem cells [ 15 ]. 

 During embryonic development, embryonic 
stem cells are derived from cells of the inner cell 
mass of the blastocysts. They are pluripotent and 
give rise to all derivatives of the three primary 
germ layers. The most important and poten-
tial use of ESCs is clinically in transplantation 
medicine, where they can be used to develop cell 
replacement therapies [ 13 ,  14 ,  16 ,  17 ]. In con-
trast, iPSCs refer to adult or somatic stem cells 
that have been genetically reprogrammed to 
behave like ESC [ 18 ]. 

 ASCs are multipotent because their potential 
is normally limited to one or more lineages of 
specialized cells [ 16 ]. In addition to bone mar-
row, various tissues have been found to harbor 
mesenchymal stem cell (MSC)-like populations 
including adipose tissues, muscles, tendons, 
dental pulps, periodontal ligaments, umbilical 
cord blood, placenta, periosteum, liver, cartilage, 
synovium, synovial fl uid, spleen, and thymus 
[ 19 – 25 ]. In vitro expanded bone marrow stem 
cells (BMMSCs) may be a rich source of osteo-
genic progenitor cells that are capable of promot-
ing the repair or regeneration of skeletal defects 
when cultured in the presence of dexamethasone, 

inorganic phosphate, and vitamin C. BMMSCs 
can be induced to become osteoblast-like cells 
in vitro and form calcifi ed nodules [ 26 ,  27 ].  

    Cell-Based Therapy in Craniofacial 
Tissue Engineering 

 The bone is the second most frequently trans-
planted tissue with increasing frequency. 
Reconstruction of craniofacial components is one 
of the most important and intricate objectives in 
stem cell-mediated regenerative medicine [ 28 –
 30 ]. The craniofacial bone has an essential role 
in supporting the adjacent soft tissue, providing 
anchoring for dental structures and providing a 
stable although fl exible framework for craniofa-
cial cartilage structures. Embryologically, most 
craniofacial bones are derived from mesenchy-
mal tissue through membranous ossifi cation [ 31 ]. 

 Facial development, including that of the 
teeth and oral cavity, is a classic act of interac-
tions by stem cells of the epithelium, craniofacial 
mesoderm, and neural crest-derived mesenchyme 
[ 32 ,  33 ]. Cranial neural crest cells (CNC) play 
an important role in development of the teeth, 
alveolar crest, and jaw bone [ 34 ]. Thus, the bio-
logically unique features of cranial neural crest 
cell-derived bone should be considered in the 
etiopathology of antiresorptive drug-induced 
osteonecrosis of the jaw. 

 Stem cell-based strategies are currently a prom-
ising approach in craniofacial bone tissue engi-
neering as they supply suffi cient numbers of cells 
that can not only form bone and associated tissues 
but also maintain bone as it undergoes turnover 
throughout life [ 12 ,  35 ]. Regenerative medicine for 
bone healing has reached the patient in the form 
of cell therapy approaches to treat localized bone 
defects or systemic diseases of the skeleton [ 36 ]. 

 Mesenchymal stem cells (MSCs) have been 
isolated from a variety of mesenchymal tissues, 
and they can differentiate into a wide array of cell 
types, including osteoblasts, chondrocytes, and 
adipocytes. They participate in regeneration of 
injured tissues in different ways. On one hand, they 
directly differentiate into tissue-specifi c cells and 
thus substitute damaged or lost cells. On the other 
hand, they indirectly infl uence  tissue regeneration 
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by secretion of soluble factors. Thirdly, they are 
able to modulate the infl ammatory response. Thus, 
they can promote vascularization, cell prolifera-
tion, and differentiation and modulate infl amma-
tory processes [ 37 ]. 

 As a result of their slower growth rate and the 
absence of telomerase activity in vitro, mesenchy-
mal stem cells (MSCs) are presumed to have a lower 
risk for tumor formation compared with embryonic 
stem cells (ESCs) [ 38 ]. This suggests that mesen-
chymal stem cells may have broader therapeutic 
applications compared to other adult stem cells. 

 Bone marrow-derived mesenchymal stem 
cells (BMMSCs) can be concentrated from bone 
marrow aspirate with different techniques. The 
FICOLL method (synthetic polysaccharide) and 
the BMAC method (bone marrow aspirate con-
centrate) are established methods for mononuclear 
cell concentration from iliac crest aspirate [ 28 ]. 
Percutaneous or intraoperative local administra-
tion of cell suspensions delivers progenitor or 
lineage-committed cells directly to the wound site. 

 Mesenchymal stem cells functional proper-
ties have been proved by several experimental 
and clinical studies using autologous BMMSC 
implants for healing, cell architecture repair, and 
recovery of local blood fl ow on injured and isch-
emic tissues for alveolar ridge augmentation and 
long bone defects [ 39 – 41 ]. 

 Autologous bone marrow or autologous 
 mesenchymal stem cells were successfully 
implanted in a number of patients to enhance 
fracture and osteotomy healing; fi ll bone defects; 
treat pseudarthrosis, bone cysts, and osteonecro-
ses; or enhance spinal fusion [ 37 ]. In a random-
ized controlled trial, it has been shown that the 
new bone formation in sinus lift procedures using 
autologous mesenchymal stem cells in combina-
tion with bovine bone mineral is equivalent to 
autologous bone and bovine bone mineral [ 42 ].  

    Experimental and Clinical Cell- 
Based Therapy in Medication-
Related Osteonecrosis of the Jaw 

 Several authors have focused on the treatment 
of osteonecrosis of the jaw with mesenchymal 
stem cells. With the ability to induce ectopic bone 

 formation and angiogenesis, MSCs might become 
a promising treatment option for antiresorptive 
drug-induced osteonecrosis of the jaws [ 43 ]. 

 In a mouse model, a mesenchymal stem cell- 
based approach to treat osteonecrosis of the jaw 
was tested. At 2 weeks after tooth extraction, 
ONJ-like wild-type mice receiving intravenous 
infusions with mesenchymal stem cells healed 
with complete soft tissue and bone regeneration at 
the extracted alveolar socket suggesting that cell-
based immunotherapy using T regulatory cells 
(Tregs) or mesenchymal stem cells are promising 
therapeutic strategies to prevent and treat ONJ-
like lesions in wild-type mice. It is discussed that 
cell-based therapy using systemic mesenchymal 
stem cell infusions can prevent or cure antiresorp-
tive drug-induced osteonecrosis of the jaws via 
reestablishment of the immune balance between 
inhibition of T-helper-producing interleukin 17 
cells (th17) and increase in Tregs [ 44 ]. 

 In a swine model, Li et al. reported the treat-
ment of ONJ lesions with allogenic mesenchy-
mal stem cells and concluded to have discovered 
that allogenic mesenchymal stem cell-based 
infusions provide a safe and effective therapeutic 
modality for treating ONJ lesions, which sheds 
light on potential clinical applications for treating 
patients suffering from medication-related osteo-
necrosis of the jaws [ 45 ]. 

 In a case report, Cella et al. published to have 
cured a patient with refractory osteonecrosis of 
the jaw, with autologous mesenchymal stem cells 
that were aspirated from the iliac crest and trans-
planted intralesionally on a gelatin sponge carrier 
after concentration with the FICOLL method. 
This procedure allowed a clinical improve-
ment of symptoms and induced novel ossifi ca-
tion with complete remission from a stage 3 
bisphosphonate- induced osteonecrosis of the jaw 
[ 46 ]. In another case report, Elad et al. presented 
a patient with bisphosphonate-induced osteone-
crosis of the jaw, where bone marrow cells were 
resuspended in saline and injected along the 
mucosal margins of two areas of exposed bone. 
No complications were observed with consider-
able reduction in the size of the alveolar bone 
exposures following the local infi ltration of the 
hematopoietic stem cells. Complete healing of 
the lesion was achieved within a few months 
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of the procedure showing the great potential of 
hematopoietic stem cells to treat osteonecrosis of 
the jaws [ 8 ,  47 ]. 

 In our own experience, a case series of 8 
patients with refractory bisphosphonate- induced 
osteonecrosis of the jaws, the lesions was man-
aged with surgical resection of necrotic bone 
followed by mesenchymal stem cell grafting 

(Fig.  10.1a–j ). Marrow-derived cells were aspi-
rated from the iliac crest and concentrated using 
a chair-side bone marrow concentration proce-
dure (BMAC) to obtain mesenchymal stem cells. 
These MSCs were then grafted into the defect 
with autologous thrombin and a BioGide mem-
brane. In all cases bony edges were rounded, 
and the wound was closed using a three-layer 

  Fig. 10.1    ( a ) Preoperative cone beam CT of a 57-year-
old female patient suffering from bisphosphonate-induced 
osteonecrosis of the jaw in the right mandible after oral 
bisphosphonate treatment for osteoporosis due to rheuma-
toid arthritis and glucocorticoid treatment. ( b ) 
Intraoperative exposure of the osteonecrotic lesion in the 
right mandible. ( c ) Exposure of the inferior alveolar nerve 
after complete removal of the affected bone. ( d ) Puncture 
of the posterior iliac crest for sampling of 50 ml bone mar-
row aspirate. ( e ) Transfer of the bone marrow aspirate into 

the SmartPReP2 centrifuge. ( f ) The suspension is centri-
fuged for 14 min. ( g ) Close-up of the smaller of the two 
chambers of the BMAC™ kit. The white line is composed 
of mononuclear cells including progenitor cells and mes-
enchymal stem cells. ( h ) BMAC is mixed with autologous 
thrombin and inserted under a collagen membrane. ( i ) The 
defect is covered with a multiple layer technique. After 
slitting of the vestibular periosteum, the mobile part is 
quilted under the lingual mucoperiosteal fl ap. ( j ) The 
wound is closed with backstitches and a running suture           

a
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Fig. 10.1 (continued)
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 technique. At 12–15 months follow-up, all 
patients showed satisfactory healing with no 
signs of wound infection, dehiscence, or recur-
rence of osteonecrosis of the jaw. Only one 
patient developed signifi cant complications, that 
of sepsis of unknown origin, 2 months postop-
eratively (unpublished own data).

       Growth Factors in Treatment 
of Medication-Related 
Osteonecrosis of the Jaw 

 Growth factors are soluble-secreted signaling 
polypeptides capable of instructing specifi c cel-
lular responses in a biological environment [ 48 ]. 
The specifi c cellular response triggered by growth 
factor signaling can result in a very wide range of 
cell actions, including cell survival, control over 
migration, differentiation, or proliferation of a 
specifi c subset of cells [ 49 ]. A variety of growth 
factors produced by osteogenic cells, platelets, 
and infl ammatory cells—including bone mor-
phogenetic proteins (BMPs), insulin-like growth 
factors 1 and 2, transforming growth factor-β1 
(TGF-β1), platelet-derived growth factor, and 
fi broblast growth factor 2—are functionally 
involved in bone healing. The bone matrix serves 
as a reservoir for these growth factors [ 50 – 52 ]. 

 Growth factor application to patients suffer-
ing osteonecrosis of the jaws can be considered a 

challenge because of improving the soft and hard 
tissues healing. Acting like chemotactic agents, 
they stimulate angiogenesis, migration, prolif-
eration, and differentiation of stem cells from 
the surrounding mesenchymal tissues into bone- 
forming cells in an area of injury [ 53 ,  54 ]. 

 The discovery of bone morphogenic pro-
teins (BMPs) as osteoinductive factors and the 
subsequent development of commercially avail-
able recombinant forms of BMPs have offered 
the potential to replace traditional grafting tech-
niques with de novo bone formation [ 55 ,  56 ]. 
Bone morphogenetic protein type 2 (BMP-2) 
application substituting the necrotic bone 
removal could be considered a therapeutic option 
for reconstruction of localized bone defects of 
medication-related osteonecrosis of the jaws. 
rhBMP-2 was applied using an absorbable colla-
gen sponge carrier to 20 patients who  underwent 
surgical removal of necrotic bone related to 
bisphosphonate therapy. The collagen was fi xed 
to the soft tissue by an absorbable suture. The 
postoperative controls showed an increase in the 
soft tissue healing and new bone formation of 
the treated sites [ 57 ]. 

 Some researchers have proposed also the 
use of platelet-rich plasma (PRP) in ONJ sur-
gery based on surgical debridement and recon-
struction combined with the use of platelet-rich 
plasma produced from the patient’s autologous 
blood [ 58 – 68 ]. The rationale for the employment 
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of PRP in patients affected by osteonecrosis of 
the jaws is based on the thesis that the presence 
of growth factors constitutes stimulations for 
bone healing, which is similar to physiologi-
cal healing. The growth factors in platelet-rich 
plasma might accelerate epithelial wound heal-
ing, decrease tissue infl ammation after surgery, 
improve the regeneration of bone and soft tis-
sues, and promote tissue vascularization. The 
additional advantages related to the use of this 
product are its biocompatibility and safety as an 
autologous product [ 69 ,  70 ]. 

 In a prospective study, Scoletta et al. reported 
of only one wound dehiscence after extraction 
of 202 teeth in 63 patients under intravenous 
bisphosphonate treatment. After extraction, the 
sockets were fi lled with scaffold-like autolo-
gous PRP [ 71 ]. In a case series of 25 patients 
with osteonecrotic lesions due to bisphosphonate 
intake, treatment of ONJ with a combination 
of bone resection and platelet-rich plasma was 
found to be an effective therapy that should be 
considered an alternative treatment modality for 
the management of advanced ONJ cases [ 72 ]. 

 Lee et al. also described the successful man-
agement of complications of dental implant 
surgery of 2 patients taking the oral form of 
bisphosphonates, including platelet-rich plasma 
and hyperbaric oxygen [ 60 ]. Several other stud-
ies reported of enhanced mucosal healing of 
patients with ONJ due to bisphosphonate intake 
treated with surgical removal of the exposed 
bone, platelet-rich plasma, and primary closure 
under antibiotic coverage [ 61 – 63 ,  65 ]. 

 Nitrogen-containing bisphosphonates are able 
to inhibit pyrophosphate synthase in the meva-
lonate pathway. The consequently decreased 
synthesis of the metabolite geranylgeraniol is 
believed to largely account for the development 
of bisphosphonate-induced osteonecrosis of the 
jaws. In an in vitro study, Ziebart et al. demon-
strated that geranylgeraniol can rescue the nega-
tive effect of bisphosphonates in human umbilical 
cord vein endothelial cells, fi broblasts, and 
 osteogenic cells [ 73 ]. Geranylgeraniol could lead 
to new treatment strategies for bisphosphonate- 
induced osteonecrosis of the jaws that have to be 
proven in animal studies.  

    Conclusion 

 The implementation of stem cell-based con-
cepts and the use of growth factors are promis-
ing future treatment modalities for patients 
suffering from medication-related osteonecro-
sis of the jaw.     
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        Bacterial Infection and MRONJ 

 Resistance to infection by microbes involves 
a series of interactions between cells of the 
immune system, in which activated macro-
phages, neutrophils, lymphocytes are essential. 
The immune system responds to bacterial infec-
tion with the secretion of a variety of cytokines 
that control key events in the initiation, resolu-
tion, and repair process of infl ammation; medi-

ate phagocytosis; and coordinate the destruction 
of infectious pathogens [ 1 ]. 

 Oral infection is considered to play a lead-
ing role in the pathogenesis of antiresorptive 
drug- induced osteonecrosis of the jaw, i.e., 
more concrete, the microbial infection of the 
“affected” bone is one of the main causes for 
MRONJ. Consequently, antibiotic therapy has 
become a mainstay of MRONJ therapy [ 2 ,  3 ]. 
One of the convincing ideas of MRONJ in case 
of  bisphosphonate medication is a promoted 
oral infection caused by a immunosuppression 
(see   pathogenesis     chapter). This idea includes 
compromised monocytes/macrophages, neutro-
phils, and T cells, especially γδ T-cell function 
[ 1 ,  2 ,  4 – 9 ]. 
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    Abstract  

  Microbial infections play a crucial role in the etiology of antiresorptive 
drug- induced osteonecrosis of the jaw. Numerous reasons are discussed to 
explain why the bone affected by osteonecrosis of the jaw lacks suffi cient 
healing. Therefore, antibiotics are essential in the treatment of medication-
related osteonecrosis of the jaw (MRONJ). Although antibiotic treatment 
as a singular therapy was able to heal MRONJ only in limited number of 
cases, it can support disease control. Ideally, antibiotic treatment should 
be adapted to an antibiogram. Without antibiogram, the antibiotic regime 
should cover the oral microbial bacteria and the bacteria expected in odon-
togenic infections. Additional factors have been discussed supporting the 
idea that bisphosphonates themselves attract bacteria at the bone as certain 
phyla and species could be found more  frequently in osteonecrotic bone 
when compared to other infections.  
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 The oral cavities inhabit up to 750 different spe-
cies, all of which could invade the bone [ 2 ,  10 ]. 
Although it is not clear whether it is the invasion in 
consequence of bone exposure, bacterial contamina-
tion (and infection) is regularly observed [ 5 ]. Bone 
exposition during surgery or during tooth extraction 
opens a “wide door” for bacterial invasion [ 3 ]. 

 The American Association of Oral and 
Maxillofacial surgeons (AAOMS) classifi es 
patients into stage 1 “with no clinical infectious 
symptoms but with clinical manifestations of the 
exposed bone” and stages 2 and 3 having signs 
of infection. Infection is one of the defi ned char-
acteristics of MRONJ (see   clinical presentation     
chapter) [ 9 ]. 

 Assuming a local immunosuppression, a bac-
terial invasion and following subsequent infec-
tion are of utmost importance. 

 Studies suggest that periodontitis may predis-
pose patients to develop MRONJ. Dental plaque 
contains another 1.0 × 10 11  pathogenic microor-
ganisms per milligram [ 11 ]. Thumbigere- Math 
et al. demonstrated that MRONJ patients had a 
higher number of missing teeth, a higher average 
of clinical attachment level, a lower average of 
bone height, and a larger number of teeth with 
less than half of tooth length [ 12 ]. 

 The exposed jaw bone (stage 1) leads to the 
colonization often followed by infection of the 
affected bone by oral microbes. The formation of 
complex biofi lms has also been described in con-
nection with MRONJ bone [ 5 ] and may have a 
direct MRONJ onset [ 8 ]. 

 Interestingly, studies analyzing the risk of 
MRONJ in the jaw and long bone in an animal 
model showed that MRONJ is not limited to the 
jaw bone, if bacteria ( Aggregatibacter actinomy-
cetemcomitans ) are injected into the jaw and non-
jaw sites [ 13 ], supporting also the idea of the key 
role of infection and local immunosuppression 
due to bisphosphonates. 

 Microbial contamination and in consequence 
infection is one of the dominant clinical signs of 
MRONJ in stages. 

 Tsurushima et al. demonstrated in Wistar rats 
that bone exposed to zoledronate developed wider 
MRONJ regions when exposed to  Aggregatibacter 
actinomycetemcomitans . Interestingly, the man-
dible and the femur were affected similarly [ 13 ]. 

The authors concluded that the infectious stimu-
lus is all important because MRONJ was not lim-
ited to the jaw bone [ 11 ]. 

 Infected bone is described to get second-
arily avascular, which forms the necrotic bone. 
Homeostasis problems caused by the infection of 
the bone (marrow) might be the reason for the 
disruption of the blood supply resulting fi nally 
in avascular necrosis [ 7 ]. Furthermore, tissue 
destruction by bacterial enzymes like collage-
nases and subsequent tissue invasion may allow 
bacteria to evade the host’s immune response 
and gain access to more anaerobic regions deep 
inside the bone [ 8 ]. 

 Specimens of osteonecrotic bone regularly 
show bacterial contamination and biofi lms 
(Figs.  11.1  and  11.2 ). Biofi lms may play a key 
role in the pathogenesis of MRONJ. Several of 
the predominant species (both Gram-positive 
and Gram-negative) like  Prevotella ,  Bacteroides, 
Fusobacterium,  and  Peptostreptococcus  support 
the adaptation of other microbial species and the 
formation of certain biofi lm structures that com-
promise antimicrobial treatment [ 10 ].

    Biofi lms are usually defi ned as surface- 
associated microbial communities, surrounded 
by an extracellular matrix of polymeric sub-
stances. Biofi lm bacteria demonstrate coordi-
nated behavior such as the formation of complex 
three-dimensional structures and functionally 
heterogeneous bacterial communities. The bio-
fi lm formation itself is an important microbial 
survival strategy [ 8 ,  14 ]. The bacterial size in 
biofi lms ranges from 0.5 to 10 μm [ 8 ]. They are 
able to persist in a stationary phase-like dor-
mancy within the biofi lm, which may be respon-
sible for their general resistance to antibiotics. 
Even if the matrix may not inhibit the penetra-
tion of antibiotics into the biofi lm completely, 
it may reduce the rate of penetration enough to 
induce the expression of genes within the bio-
fi lm to mediate resistance. The (electrostatic) 
charge of polymers and the antibiotic-degrading 
enzymes in the matrix may lead to reduced bind-
ing and deactivation. Even dead cells may dilute 
antibiotics. Another mechanism of tolerance is 
an effl ux pump expression in biofi lms as dem-
onstrated for tobramycin, gentamicin, and cipro-
fl oxacin resistance [ 14 ]. 

S. Hoefert

http://dx.doi.org/10.1007/978-3-662-43733-9_4


123

 It has also been reported that bisphosphonates 
enhance bacterial adhesion to bone hydroxyap-
atite. Kos et al. demonstrated an increased bac-
terial adhesion in the presence of pamidronate 
on hydroxyapatite. They tested  Staphylococcus 
aureus  and  Pseudomonas aeruginosa  strains. 
These observations emphasize the infectious 
aspect of osteonecrosis of the jaw, once again 
[ 15 ]. Ganguli et al. found signifi cantly higher 
adherence of bacteria on hydroxyapatite-coated 
ceramic artifi cial hip joints, if these were 

coated with pamidronate when compared to 
clodronate or control [ 16 ]. This suggests that 
bacterial  adhesion to bone coated with bisphos-
phonates may be mediated by proteins termed 
“microbial surface components” which recog-
nize adhesive matrix molecules. The amino-
terminal domain binds by direct electrostatic 
interactions through a direct surface protein 
interaction or by providing an amino acid on 
the surface of the bony hydroxyapatite, which 
interacts with these molecules and mediates 

  Fig. 11.1    Histological sam-
ple of necrotic bone of an 
MRONJ patient with intrave-
nous bisphosphonates. Areas 
with bacteria surrounded by 
acute infl ammatory infi ltrate 
( black arrows ). In the middle 
are the typical signs of 
 Actinomyces  ( gray arrow ) 
colonies (H&E stain, 100×)       

  Fig. 11.2    Histological sam-
ple of an MRONJ patient. 
Close to the bony surface, a 
biofi lm is visible ( arrow ). 
Necrotic bone visible with 
empty osteocytic lacunae 
(H&E stain; 400×)       
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increased bacterial adhesion [ 17 ]. In vitro and 
in vivo experiments showed that a combination 
of pamidronate and  Fusobacterium nucleatum  
caused the death of gingival fi broblasts and the 
downregulation of growth factors of keratino-
cytes, responsible for epithelial cell growth and 
migration [ 18 ].  

    Regularly Observed Microbiological 
Findings 

 Though oral infection is a common fi nding, the 
therapist should know the special characteristics 
of the oral cavity and its local microfl ora. A dis-
tinct number of aerobic and anaerobic species are 
regularly observed and described. The bacteria 
identifi ed in the bone specimens comprised Gram-
positive and Gram-negative organisms. These 
also include aerobes, although anaerobes and fac-
ultative anaerobes dominate [ 8 ]. Anaerobic spe-
cies are from the  Peptostreptococcus ,  Prevotella, 
Fusobacterium, Gemella,  and  Porphyromonas  
genera. Aerobic species are  Streptococcus, 
Staphylococcus,  and  Corynebacterium . Each 
of these microorganisms occupies a different 
microniche, but the prevailing balance is easily 
disturbed. Especially pathogenic or opportunistic 
bacteria ( Actinomyces, Prevotella intermedia ), 
yeasts ( Candida sp. Histoplasma capsulatum ), 
viruses, and parasites profi t from any disturbance 
of the equilibrium and can then harm the organ-
ism [ 10 ]. Denaturing gradient gel electrophoresis 
profi le and dice coeffi cient described 3 predomi-
nant genera in MRONJ, namely,  Streptococcus, 
Eubacterium,  and  Pseudoramibacter  [ 3 ]. 

 The biofi lms in these patients have a distinct 
combination of species/phylotypes, segregating 
a population with compositional changes but 
maintaining functional similarity of acid pro-
duction [ 2 ]. The development of biofi lms on the 
surface of the exposed bone may account for the 
poor response to systemic antimicrobial therapy 
as described above [ 19 ]. Bone specimens from 
MRONJ-affected sites showed large areas of 
occluded biofi lms comprising mainly bacteria, 
and occasionally yeast, embedded in extracellular 
polymeric substance. The number of bacteria in 

these biofi lms ranged from 2 to 15 and included 
species from genera  Fusobacterium, Bacillus, 
Actinomyces, Staphylococcus, Streptococcus,  
and  Selenomonas  and 3 different types of trepo-
nemes [ 8 ]. The phyla described by Ji et al. 
found in MRONJ lesions are  Acinetobacter , 
 Bacteroidetes ,  Chlorofl exi ,  Cyanobacteria , 
 Firmicutes ,  Fusobacteria ,  Proteobacteria , 
and  Synergistetes  [ 2 ]. Badros et al. identifi ed 
 Prevotella, Porphyromonas, Fusobacterium, 
Peptostreptococcus, Streptococcus sp.,  and 
 Eikenella species  [ 20 ]. MRONJ site biofi lm 
contained predominantly  Fusobacterium, 
Actinomyces, Staphylococcus, Streptococcus, 
Selenomonas, and Treponema species  as reported 
by Sedghizadeh and coworkers [ 8 ]. These dif-
ferent research teams demonstrated similarities 
but also differences in their fi ndings. Though 
principally microbial cultures from the areas of 
infected exposed bone will show normal oral 
microbes, it must be taken into consideration that 
in cases with extensive soft- tissue involvement, 
microbial culture data may facilitate the selec-
tion of an appropriate antibiotic [ 19 ]. Awareness, 
however, must be drawn to the length of time the 
bone was exposed to the oral cavity as nonperma-
nent bacteria species may infect the bone as the 
nature of the biofi lm is expected to change and 
adapt within time [ 8 ]. Interestingly, some histo-
pathological examinations have even indicated 
that edentulous jaws contain regions of necrotic 
bone and microbial biofi lm formation even after 
one year of tooth extraction and mucosal healing 
resulting eventually in MRONJ formation [ 21 ]. 

 Though microbiology fi ndings in MRONJ 
bone are dependent on the local oral fl ora, the 
spectrum may vary considerably. Some authors 
do not recommend microbial testing in princi-
pal, but nevertheless, it is the prerequisite for an 
adequate antibiotic regime and must be therefore 
recommended.  

    Actinomyces 

 A ctinomyces  species are frequently observed 
in MRONJ.  Actinomyces  is regularly observed 
in histological bone specimens (Fig.  11.1 ) of 
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MRONJ patients. In 70 to 100 % of all cases, 
 Actinomyces  is present [ 22 – 24 ]. In the beginning 
of the MRONJ discussion,  Actinomyces  was con-
sidered to be a particular complication [ 24 ] and 
to be an underestimated agent in the pathogenesis 
of MRONJ [ 11 ]. 

  Actinomyces  is a non-spore-forming, anaero-
bic, or microaerophilic bacterial species of the 
genus  Actinomyces. Actinomyces  spp. are Gram- 
positive, pleomorphic, and commonly deli-
cately fi lamentous microbes.  Actinomyces  can 
be commonly found in gingivodental crevices 
[ 11 ,  24 ] and must be suspected as an opportunis-
tic infection [ 10 ,  24 ,  25 ]. Mucosal disruption is 
also the key step in pathogenesis. Histologically 
 Actinomyces  can form clumps called sulfur gran-
ules [ 11 ]. Even though  Actinomyces  spp. were 
frequently found in exposed necrotic bone, how-
ever, the development of MRONJ also occurs in 
its absence [ 22 ,  24 ].  

    Candida, Fungal Infection, 
and Principal Considerations 

 Infections with  Candida  spp. are also described 
regularly. Infections with other fungal spores 
and hyphae have been observed also frequently 
(Fig.  11.3 ) [ 24 ], but yeasts that have been iden-

tifi ed consistently included  Candida  spp. [ 8 ,  10 , 
 26 ]. Analysis of oral lesions demonstrated a cor-
relation between higher  Candida  colonization 
and the severity of the lesion [ 27 ].

   It must be taken into consideration that most 
of the addressed bacteria are strictly depen-
dent on the culture-dependent methods used. 
Though most of the infectious diseases of the 
oral and maxillofacial regions are caused by 
polymicrobial infections of anaerobes and all 
causative bacteria may not be cultivable by 
the method used, they cannot be excluded or 
denied. Therefore, critical analysis of the identi-
fi ed bacteria and yeasts must be compared with 
the clinical success by antibiotic and antiyeast 
therapy. An antibiotic regime that does not sup-
port the microbiology fi ndings could show a 
good clinical success and vice versa. Therefore, 
the clinical outcome is the leading sign for the 
antibiotic regime.  

    Antibiotic Therapy 

 Early in 2005, Bamias et al. described that 
treatment with antibiotics resulted in transient 
improvement of MRONJ after multiple courses 
of antibiotics. It is possible to improve the infec-
tious symptoms in the majority of cases with 

  Fig. 11.3    Fungal spores and 
hyphae adjacent to the bone 
(PAS stain, 400×)       
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antibiotics. It is also evident in most cases that 
the purulent discharge and pain recurred after 
discontinuation of the antibiotics [ 28 ]. The time 
till the relapse and worsening of the infectious 
symptoms may vary. 

    Antibiotics Recommended 

 The “best antibiotic of choice” should be bacteri-
cidal, have no side effects, and be economic. The 
antibiotic should include the resident bacteria but 
also cope to the considered changed bacteria by 
the disease and time of exposure. 

 Recommended antibiotics include penicil-
lin, amoxicillin, metronidazole, quinolones, 
clindamycin, doxycycline, erythromycin, and 
ciprofl oxacin [ 2 ,  4 ,  6 ]. The German S3 guideline 
addresses amoxicillin and clindamycin [ 25 ]. 

 Analysis of 391 cases reported in literature 
demonstrated that most patients were given a 
combination of antibiotics, either in associa-
tion or iteratively. Beta-lactam antibiotics were 
prescribed most frequently. These antibiotics 
included aminopenicillins (39 %), aminope-
nicillins with beta-lactamase inhibitor (28 %), 
methoxyphenyl penicillin (26 %), clindamy-
cin (33 %), metronidazole    (13 %), tetracyclines 
(11 %), and fl uoroquinolones (1 %). 

 The sensitivity of bacteria located in the 
oral cavity to antimicrobials however is on the 
decline with a marked trend towards resistance. 
 Prevotella  and  Porphyromonas  are    genera resis-
tant frequently to a higher number of antibiotics 
and subsequently 80 % sensitive to amoxicillin 
plus clavulanate, clindamycin, and metronida-
zole. Oral streptococci and  Eikenella corrodens  
have a resistance to special antimicrobial agents, 
particularly macrolides (35–70 %) and to peni-
cillin and clindamycin (10–15 %). Resistance to 
metronidazole, macrolides, and fi rst- and second- 
generation cephalosporins is also described. 
In contrast,  Eikenella corrodens  is sensitive to 
amoxicillin [ 10 ]. 

 Surgery should always be supported by an anti-
biotic regime, as recommended by the German 
S3 guideline [ 25 ]. This antibiotic regime is gen-
erally advised as prophylactic support in elective 

surgery (e.g., extraction), surgery of MRONJ, 
or conservative treatment of MRONJ. The time 
recommended for therapy noticeably varies in 
literature. 

 Eckert and coworkers recommend ampicillin 
plus clavulanic acid 7 days postoperatively [ 29 ], 
and Bagan et al. advised a minimum of 10 to 30 
days [ 30 ]. In case of allergies, clindamycin is rec-
ommended as an alternative [ 30 ]. Penicillin and 
metronidazole given intermittently or continu-
ously for 1 week intravenously and then orally 
for the next 3 weeks were also described [ 31 ,  32 ]. 
Therapy with amoxicillin plus clavulanic acid 
for 10 days followed by 3 weeks of doxycycline 
has also been recommended [ 33 ]. Stanton et al. 
prescribed levofl oxacin before surgery and in 
combination with metronidazole for 4–6 weeks 
postoperatively [ 34 ]. 

 Table  11.1  gives an overview of the antibi-
otics recommended for MRONJ treatment and 
prophylaxis.

   Systemic antibiotic therapy is indicated to 
treat infection and prevent a more widespread 
infl ammatory condition [ 19 ]. A prolonged anti-
biotic regime before surgery of MRONJ lesions 
turned out to have a signifi cant infl uence on the 
long- term result [ 6 ]. Interestingly, only few onco-
logical patients developed serious side effects 
during long-term antibiotic therapy [ 6 ]. 

 An antibiotic therapy alone has only limited 
abilities to heal MRONJ completely. Studies 
with limited sample sizes indicated that oral 
antibiotic therapies have only a low effi ciency on 
bacterial populations associated with MRONJ 
lesions. No signifi cant differences in bacterial 
diversity of patients who are taking antibiot-
ics and those who are not have been observed. 
Species included 69 % Gram-positive and 32 % 
Gram-negative in the antibiotic group and 75 % 
Gram -positive and 25 % Gram-negative in 
non-antibiotic groups. Patients on antibiotics 
showed a higher count of phylum Firmicutes 
with the bacterial species  Streptococcus inter-
medius ,  Lactobacillus gasseri ,  Mogibacterium 
timidum , and  Solobacterium moorei , whereas 
patients not taking antibiotics had larger popu-
lations of  Parvimonas micra  and  Streptococcus 
anginosus.  These fi ndings suggest marked 
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effect on the microbial population but also dem-
onstrated not to be suffi cient enough to reduce 
or even eliminate the infection [ 2 ]. These fi nd-
ings explain the poor success rates when only 
an antimicrobial therapy is used in a conserva-
tive treatment of osteonecrosis of the jaw [ 2 ,  6 ]. 
This contrast may also support the idea of com-
bining antibiotic therapy and surgery in order 
to improve therapy success rates (see   treatment     
chapter) [ 6 ]. 

 Extension of the antibiotic therapy may vary 
according to the underlying disease of the patient. 
Patients receiving an immunosuppressive therapy 
may lack a functional immune response and must 
be supported with antibiotics in a larger extent 
and longer period of time than other patients [ 23 , 
 24 ]. This may account for a wide variety of antibi-
otics and time of prescriptions mentioned above. 
Analyzing reports on comorbidities in MRONJ 
patients demonstrated a high frequency of immu-
nomodulating therapies: it was found that 55 % 
of patients received a chemotherapy and 32 % a 
corticotherapy [ 22 ]. Generally, it should be taken 
into consideration that in all patients with immu-
nosuppressive chemotherapies and MRONJ, an 
acute leukocyte depression can worsen the stage 
(infection) of MRONJ. With expected leukocyte 
defi ciencies during chemotherapy, an antibiotic 
temporary regime is useful to prevent an exac-
erbation of the infection. In such cases, the use 
   of antimicrobial mouth rinses in or without com-
bination with systemic antibiotic therapy is rec-

ommended to stabilize MRONJ and reduce the 
clinical symptoms. Less severe MRONJ cases 
will be able to heal completely [ 4 ]. In conclu-
sion, any antibiotic treatment requires an indi-
vidual sensitivity study (antibiogram typing) to 
select the most effi cient antibiotic regime for 
each patient.   

    Mouth Rinses as Local Therapy 

 Local therapy turned out to be an important fac-
tor as well. This local therapy includes mouth 
rinses. In consequence, osteonecrotic lesions can 
be controlled by local antiseptic mouth rinses 
(chlorhexidine 0.12–0.2 %) and other similar 
mouth rinses [ 35 ,  36 ]. Chlorhexidine mouth 
rinses produced better results concerning supra- 
and subgingival microorganisms compared to 
other mouth rinses like cetylpyridinium chloride 
or fl uoride in contrast [ 37 ]. 

 Other studies observed inhibitory effects of 
a number of different plant extracts on patho-
genic bacteria. These substances included 
extracts from  Zingiber offi cinale  (ginger), 
 Salvia offi cinalis  (sage),  Chamomilla recutita  
(chamomile),  Rosmarinus offi cinalis  (rosemary), 
 Syzygium aromaticum  (clove),  Krameria lap-
pacea  (ratanhia   ), and  Commiphora abyssinica  
(myrrh). These extracts proved to be suffi cient 
against  Aggregatibacter actinomycetemcomi-
tans ,  Enterococcus faecalis ,  Porphyromonas 

   Table 11.1    Systemic antibiotic therapy recommended for MRONJ treatment (for additional information, see text)   

 Penicillins (methoxyphenyl penicillin)  Penicillin (benzylpenicillin) 

 Aminopenicillin  Ampicillin/amoxicillin 
 Aminopenicillins with beta-lactam inhibitors  Ampicillin with sulbactam (sultamicillin) 

 Amoxicillin/ampicillin with clavulanic acid 
 Cephalosporins  Cefazolin 

 Cefuroxime 
 Carbapenem  Imipenem, meropenem 
 Quinolone (fl uoroquinolones)  Ciprofl oxacin, levofl oxacin, moxifl oxacin 
 Aminoglycoside  Gentamicin 
 Tetracycline  Doxycycline 
 Macrolide  Roxithromycin, clarithromycin, azithromycin, erythromycin 
 Lincosamide  Clindamycin 
 Nitroimidazole  Metronidazole 
 Antimycotic (polyene, azole)  Nystatin, miconazole, amphotericin B 
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gingivalis,  and  Fusobacterium nucleatum  [ 38 ]. 
Especially green tea,  Camellia sinensis , seems 
to have special antiseptic, antioxidant, anti- 
infl ammatory properties and support wound 
healing [ 36 ,  39 ,  40 ]. The use of plant extracts 
should not replace antiseptic “traditional medi-
cal” mouth rinses. Clinical experience showed 
that patients gratefully accepted the additional 
offer of phytotherapeutic mouth rinses.  

    Side Effects of Antibiotic Therapies 

 Long-term antibiotic regimes optimize surgery 
success rates and are therefore recommended 
[ 1 ,  4 ]. On the other hand, long-term antibiotic 
regimes increase the risk of intestinal side effects 
like colitis or  Clostridium diffi cile  infections. 
Attention must be paid to these diarrheic side 
effects or intestinal problems under antibiotic 
(long-term) therapies [ 6 ]. 

 It must be taken also into consideration that – 
as Ji et al. mentioned by using a molecular tech-
nique – the use of systemic antibiotics failed to 
restrict the bacterial colonization without effec-
tive healing of the MRONJ lesion [ 2 ].  

    Conclusion 

 The bone affected by antiresorptive drug-
induced osteonecrosis of the jaw shows regu-
larly certain species of microorganisms. Over 
the time of bone exposure, the microbial pro-
fi le of the lesions might change. Therefore, 
microbiological examination and antibio-
grams are essential to fi nd the appropriate 
antibiotic therapy. Microbial infections play 
a crucial role in the etiology of MRONJ and 
the development of the osteonecrotic lesions, 
which in turn means that antibiotics remain 
one of the important pillars of therapy. The 
antibiotic therapy as a singular therapy is 
only able to heal osteonecrosis of the jaw in 
few cases. If no antibiogram is available, the 
antibiotic regime should cover the oral fl ora 
and the regularly observed bacteria of odon-
togenic infections or the bacteria described 
above.     
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        Introduction 

 Bisphosphonate-related osteonecrosis of the jaw 
(BRONJ) is a complication seen in patients under 
bisphosphonate treatment for various diseases, 
such as cancer, bone metastasis, and osteoporosis 
[ 1 ,  2 ]. The disease was fi rst described and reported 
in the literature in the early years of the twenty-
fi rst century [ 3 – 5 ]. Since then, an increasing num-
ber of case reports and reviews of BRONJ have 

been published. However, clear explanation for 
pathogenesis of this condition remains unknown. 
Current theories are discussed in detail in the 
pathogenesis (see Chap.   13    ). Clinically, BRONJ 
is usually characterized by exposed and necrotic 
bone affecting the alveolar part of the jaws. 
Patients present with or without pain, local infec-
tion, loosening of teeth, and draining fi stulas [ 1 ]. 
As already described in the previous chapters, the 
diagnosis of BRONJ/MRONJ is achieved based 
on bone exposure in the maxillofacial region in the 
patients under current or previous treatment with 
bisphosphonates or denosumab with no history of 
radiation therapy to the jaws [ 6 ]. 

 Microscopic confi rmation of BRONJ is 
not always possible, as a biopsy is sometimes 
avoided due to the poor healing capacity of 
those patients. Hence, it has been recommended 
that a biopsy is performed only when there is 
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high clinical suspicion of cancer metastasis [ 7 ]. 
Nonetheless, surgical removal of the necrotic 
bone is often required for treating the condition 
[ 8 ]. In these instances, the obtained specimen has 
to be submitted for microscopic examination to 
confi rm the clinical diagnosis. Therefore, the aim 
of this chapter is to describe the macroscopic and 
microscopic features of BRONJ, in addition, dis-
cuss the histopathologic differential diagnosis of 
this condition.  

    Macroscopic Features 

 Received specimens from BRONJ patients can 
range from multiple bone fragments to a large 
part of jawbone depending on treatment. The 
specimens can consist of a mixture of hard tissue 
and soft tissue. Necrotic bone fragments appear 
as several small pale whitish gray pieces. Jaw 
resection specimens are sometimes submitted to 
biopsy service for analysis [ 9 ] (Fig.  12.1 ).

       Histopathologic Features 

 Microscopic presentation of BRONJ is charac-
terized by necrotic bony trabeculae demonstrat-
ing empty osteocyte lacunae. The necrotic bone 
is usually surrounded by bacterial colonies and 
shows irregular peripheral resorption and promi-
nent reversal lines [ 10 ] (Fig.  12.2 ).  Actinomyces  
in contact with vital bone has been described 
as a consistent histologic fi nding [ 11 – 13 ], and 
it has been suggested that this microorganism 
could be responsible for the chronic,  nonhealing 

 infl ammatory processes and the purulent dis-
charge seen in BRONJ [ 11 ]. Osteoclasts contain-
ing numerous intracytoplasmic vacuoles are seen 
at the  periphery and in the intertrabecular spaces 
of the bony trabeculae. Large and hypernucleated 
osteoclasts have been reported in patients who 
received long- term oral bisphosphonate treat-
ment [ 10 ]. The empty Howship’s lacunae at the 
 periphery of the bone are frequently seen. It has 
been  suggested that this microscopic fi nding 
depicts that osteoclasts have undergone apoptosis 
after interalizing bisphosphonates [ 14 ]. The inter-
trabecular space is infi ltrated by  infl ammatory 
cells including neutrophils, lymphocytes, and 
plasma cells [ 15 – 17 ]. Pseudoepitheliomatous 
hyperplasia of the overlying mucosa has also been 
observed in BRONJ [ 11 ].

   Bisphosphonates have been found to inhibit 
endothelial function in vitro and in vivo and to 
reduce levels of vascular endothelial growth fac-
tor [ 18 ,  19 ]. In spite of these known antiangio-
genic effects, data on the histologic changes of 
the vessels in BRONJ are scarce. In a rat model, 
a decreased rate of capillary formation could be 
observed [ 18 ]. In humans, obliteration of larger 
arterial vessels accompanied by an increased cel-
lular proliferation of the intima and media and 
relative reduction of blood vessels in BRONJ has 
been reported [ 11 ,  20 ]. Others have found intact 
vasculature and no signifi cant reduction of the 
capillaries on histologic examination [ 11 ,  21 ]. 

 Few studies have investigated the 
 histopathologic changes in the uninvolved bone 
of patients undergoing bisphosphonate  therapy. 
Specimens from areas without bone  exposure 
that are contiguous with areas of ONJ are 
 characterized by hypervascular fi brous tissue 
and infl ammatory infi ltrate fi lling large intertra-
becular spaces, an appearance similar to that of 
chronic  osteomyelitis [ 22 ]. The newly formed 
bone  present in non- necrotic areas is mostly 
composed of large masses of bone tissue show-
ing centrifugal deposition and variable degrees 
of calcifi cation (mature and recent woven bones), 
devoid of Haversian canals, and surrounded by 
prominent collagen  deposition apparently enter-
ing the bone at right angles. Islands of woven 
bone contained plump osteoblasts, while osteo-
clastic activity is absent in such areas [ 23 ].  

  Fig. 12.1    Specimen from BRONJ patient       
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    Differential Histopathologic 
Diagnosis 

    Osteomyelitis 

 Osteomyelitis is an infl ammatory condition of 
the bone, which generally begins as an infec-
tion of the marrow cavity, rapidly involves the 
Haversian canals, and eventually extends to 
the periosteum [ 9 ]. Histopathologic features of 
BRONJ and osteomyelitis may not be distin-
guishable, with both lesions showing non-vital 
bone with empty osteocyte lacunae. One differ-
ence is that the detachment of osteoclasts from 
the bone  surface is seen in BRONJ, whereas in 
osteomyelitis, the osteoclasts are attached to 

the bone [ 16 ]. BRONJ cases have been shown 
to present with a mosaic pattern with a multiple 
compartment confi guration, which is absent in 
osteomyelitis [ 24 ]. Osteomyelitis consistently 
shows viable infl ammatory cells in the marrow 
spaces (Fig.  12.3 ). By contrast, BRONJ shows 
empty marrow spaces devoid of all cellular ele-
ments and normal cellular products [ 14 ].

       Osteoradionecrosis 

 Osteoradionecrosis (ORN) is one of the most 
 serious complications in the treatment of head and 
neck malignancies and is defi ned as the ischemic 
necrosis of the irradiated bone, which becomes 

a

b

  Fig. 12.2    Bisphosphonate-
related osteonecrosis       
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hypovascular, hypocellular, and hypoxic [ 25 , 
 26 ]. The histopathologic jaw fi ndings in BRONJ 
are similar to ORN [ 4 ,  5 ,  27 ]. Microscopic pre-
sentation of ORN shows necrotic bone with-
out osteoblastic and osteoclastic activities 
(Fig.  12.4 ). The bone marrow spaces are replaced 
with fi brosis. Infl ammatory cell infi ltration is 
limited [ 27 ]. The ghosts of old blood vessels are 
also seen [ 14 ]. The presence of  Actinomyces  has 
been described in both BRONJ and ORN [ 11 ]. 
It has been described that the areas of osteone-
crosis seem to be patchier in tissue specimens of 
bisphosphonate-treated patients when compared 
with larger necrotic bone areas in ORN [ 11 ]. 
ORN demonstrates a  nonviable periosteum and 

no evidence of reactive bone, whereas BRONJ 
may show viable periosteum and even reactive 
bone in many cases [ 14 ].

       Medication-Related 
Osteonecrosis of the Jaws 

 Recently, cases of osteonecrosis of the jaws 
(ONJ) associated with the use of a non- 
bisphosphonate antiresorptive agent (deno-
sumab) have been reported [ 28 – 30 ]. Other 
antiresorptive agents, including cathepsin K 
inhibitors, also could prove to be associated with 
ONJ. In fact, it has been recently proposed that 

a

b

  Fig. 12.3    Osteomyelitis        
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all cases of ONJ related to the administration 
of antiresorptive therapeutic agents be termed 
“medication-related ONJ” (MRONJ). This 
term would encompass cases associated with 
 bisphosphonates, as well as cases associated 
with the use of other  antiresorptive and antian-
giogenic agents [ 31 ]. Information regarding the 
histopathological changes in ARONJ is lacking 
and comes mainly from case reports. Necrotic 
bone demonstrating a scalloped, “moth-eaten” 
appearance has been described. Adherent bacte-
ria, including  fi lamentous forms and focal acute 
infl ammation, are also present [ 29 ,  32 ]. Similar 
to BRONJ,  Actinomyces  has also been found in 
other MRONJ cases [ 32 ,  33 ]. MRONJ cases due 
to denosumab intake may not be  distinguishable 

from ONJ due to bisphosphonate intake in terms 
of  histopathology since both conditions are 
potentially the same entity. Additionally, many 
cases treated with denosumab have had previous 
bisphosphonate administrations [ 34 ].   

    Conclusions 

 BRONJ/MRONJ has a distinctive histopathol-
ogy, characterized by nonviable bony trabecu-
lae with irregular border, surrounded by 
massive bacterial colonies. Even though the 
diagnosis of BRONJ/MRONJ is mainly based 
on the patient’s history of bisphosphonate or 
denosumab intake and the clinical presenta-
tions, histological confi rmation may be 
required.     

a

b

  Fig. 12.4    Osteoradionecrosis        
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    Abstract   

  Since the fi rst descriptions of bisphosphonate-related osteonecrosis 
(BRONJ) of the jaw, numerous studies and research articles have focused 
on the pathophysiology of the disease which has currently been renamed 
to medication-related osteonecrosis of the jaw (MRONJ). Several possible 
pathomechanisms including over-suppression of jawbone turnover, spe-
cifi c pathogens, antiangiogenic effects, and soft tissue toxicity have been 
proposed to be the main drivers of the disease. More recently, theories 
dealing with the role of local infl ammations and consecutive pH changes 
have been introduced. While the precise aetiology is still under current 
investigation, it is now widely accepted that medication-related osteone-
crosis of the jaw has a multifactorial aetiology. Besides, there is more and 
more evidence that local infl ammations and dento-alveolar infections play 
a key role in the pathogenesis of the disease. Recently, osteonecrotic 
lesions in the jaw have been described under the treatment with deno-
sumab as well, an antibody against RANK ligand. A better understanding 
of this entity and the involvement of the RANK-RANKL- OPG system 
might offer new insights towards a comprehensive understanding of 
 medication-related osteonecrosis of the jaw    (MRONJ).  
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        Theories Regarding 
the Pathogenesis of BRONJ/MRONJ 

 Over the past decade research into the pathogen-
esis of medication-related osteonecrosis of the 
jaw (MRONJ) has mainly focussed on bisphos-
phonate-related osteonecrosis of the jaw 
(BRONJ). The precise pathogenesis of BRONJ/
MRONJ is under current investigation. However, 
some main theories speculating about the patho-
genesis of this disease prevail. A potential main 
driver is over-suppression of jawbone turnover 
which should occur after a special accumulation 
of bisphosphonates in the jawbone [ 1 – 3 ]. 
Bisphosphonates accumulate in the bone and 
inhibit bone resorption by inducing apoptosis of 
osteoclasts. Therefore, bone remodelling is sup-
pressed [ 4 ]. It is speculated that over- suppression 
of bone turnover after a special accumulation of 
bisphosphonates in the jawbone might induce 
necrosis [ 1 ,  2 ,  5 ]. Indeed, jawbone turnover is 
known to be higher when compared with other 
bones [ 2 ,  6 ,  7 ]. Besides the inhibitory effect of 
osteoclasts, bisphosphonates interact also with 
other cell systems of the hard and soft tissues: 
Especially nitrogen-containing bisphosphonates 
can reduce the biological activity and viability of 
osteoblasts, keratinocytes and fi broblasts [ 8 ,  9 ]. 
However, till now, no scientifi c evidence for an 
over-accumulation of bisphosphonates in the 
jawbone or that remodelling of the jaw is affected 
to a higher degree when compared to other bone 
sites is available. An animal study could confi rm 
that there was no special accumulation of 
bisphosphonates in the jaw compared to other 
bones [ 1 ,  2 ,  10 ]. 

 Based on the regular presence of Actinomyces 
species in the histopathological and microbio-
logical specimen of affected jawbone areas, there 
were also speculations that BRONJ/MRONJ 
might be due to a specifi c infection [ 2 ,  11 ,  12 ]. 
Actinomyces species are also regularly present in 
cases of osteoradionecrosis so that a crucial 
pathogenetical role seems to be unlikely. 
However, as bisphosphonates are known to mod-
ulate the activity of different cell types involved 
in the immune response [ 2 ,  13 ,  14 ], this might 
also alleviate the response towards biofi lms and 

pathogens such as Actinomyces species in par-
ticular [ 1 ,  2 ,  11 ,  12 ]. 

 It is also assumed that the anti-angiogenetic 
properties of bisphosphonates after accumulation 
might play an important part in the pathogenesis 
of ONJ. With regard to the fact that BRONJ was 
fi rst described as avascular necrosis and that 
bisphosphonates could prove anti-angiogenetic 
effects in tumour tissue vascularity might play an 
important role [ 2 ,  11 ,  15 ,  16 ]. Bisphosphonates 
interact on different levels of the angiogenesis. In 
vitro and in vivo data showed that bisphospho-
nates reduce cell number, migration capacity and 
colony-forming rate of endothelial progenitor 
cell (EPC), which play a key role for neovascu-
larisation and therefore for adult endothelial stem 
cell mobilisation [ 9 ,  17 – 19 ]. Additionally the 
mature cell-based angiogenesis is impaired by 
bisphosphonates (Fig.  13.1 ). Cytoskeletal disor-
der and dysfunction as well as disturbed gene 
expression are reported after incubation with 
nitrogen-containing bisphosphonates [ 20 ].

   On the other hand, angiogenesis during bone 
formation was not signifi cantly altered by 
bisphosphonates [ 2 ,  21 ,  22 ]. However,  vascularity 
might well play a role in the pathogenesis of the 
disease and especially with regard to the fre-
quency of occurrence in the mandible and the 
maxilla [ 23 ], but it is not likely to be the key factor 
in the pathogenesis because it cannot be explained 
why only the jawbones are affected – especially 
when having in mind that maxilla and mandible 
have a completely different pattern of vascular-
ity – while there are only few cases reported in 
other bones of the human body [ 2 ,  24 – 26 ]. 

 Furthermore, it has been discussed that after 
local accumulation of bisphosphonates and com-
bined with other cancer medications, bisphospho-
nates might exert direct soft tissue toxicity towards 
the oral mucosa. This could lead to mucosal injury 
and jawbone exposure as seen in MRONJ 
[ 2 ,   27 – 29 ]. Also soft tissue toxicity might play a 
role in the pathogenesis of MRONJ, and mucosal 
healing is delayed after dento- alveolar surgeries 
in patients receiving bisphosphonates, but jaw-
bone exposure is not constantly present in all 
cases of BRONJ/MRONJ proven by histology 
especially not in early stages (stage 0 according to 
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AAOMS 2009 and 2014), and some radiological 
and clinical symptoms like pain and impairment 
of the inferior alveolar nerve  function can occur 
when mucosal integrity is still intact [ 1 ,  2 ,  30 ,  31 ]. 

 While all of these theories might play a role in 
the pathogenesis of BRONJ/MRONJ, none of 
them neither in isolation nor in combination are 
able to provide satisfactory answers for questions 
of paramount importance: 

 Why is the jawbone almost exclusively the 
target for BRONJ/MRONJ? 

 Why are nitrogen-containing bisphospho-
nates associated with a much higher risk for the 
 development of BRONJ/MRONJ when compared 
to non-nitrogen- containing bisphosphonates? 

 What is the role of the proposed risk factors 
and the so-called “trigger events” in the develop-
ment of BRONJ/MRONJ? [ 1 ,  2 ,  23 ].  

    Effects of Local Infl ammations 
and pH on BRONJ/MRONJ 
Pathogenesis 

 In order to be able to answer the above-mentioned 
questions, one has to deal with the special fea-
tures of bisphosphonates on the one hand and of 
the jawbone on the other hand. Bisphosphonates 
have the special property of selective uptake 
by their target organ, namely, the bone. While 
bisphosphonates bind to the hydroxyapatite at 
neutral pH values, they are released and acti-
vated in acidic milieus [ 2 ]. This well-known 
mechanism takes place physiologically in 
Howship’s lacunae when the bone is resorbed 
by osteoclasts when the dissociation between the 
bone (hydroxyapatite) and bisphosphonates is 
increased in acidic pH values [ 1 ,  2 ,  23 ,  32 ]. Up 

a b c

d e

  Fig. 13.1    Infl uence of different bisphosphonates on 
 angiogenesis in a murine Matrigel angiogenesis model: 
( a ) control group, ( b ) treatment with clodronate, 

( c )  ibandronate, ( d ) pamidronate, and ( e ) zoledronate. 
Especially nitrogen- containing bisphosphonates reduce 
angiogenesis       
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until now, this known mechanism has not been 
brought into connection with the pathophysiol-
ogy of bisphosphonate-related osteonecrosis 
of the jaws although it might play a substantial 
role in the multi-factorial aetiology of BRONJ/
MRONJ. Supporting this, it was already shown 
in 1991 by Sato and colleagues that alendronate 
is released in acidic milieus in a rat model [ 2 , 
 33 ]. Clinically, acidic milieus commonly occur 
in the course of infections and during wound 
healing after surgical procedures [ 34 ,  35 ]. Such 
conditions occur more often in the jawbones due 
to the frequency of marginal and apical infec-
tions and dento-alveolar surgeries, especially 
tooth  extractions. Thus, these infections can lead 
to the acidifi cation of localised jawbone areas, 
resulting in the release and activation especially 
of nitrogen- containing bisphosphonates into 
potentially toxic levels which can fi nally lead to 
BRONJ/MRONJ (see Fig.  13.2 ) [ 1 ,  2 ,  32 ,  36 ]. 
This cascade of processes might as well occur 

after pressure sores and micro-traumata or even 
“spontaneously” depending on the duration of 
intake and route of administration (cumulative 
dose present in the bone) combined with other 
potential risk factors such as co-morbidities 
and co-medications. Non-nitrogen- containing 
bisphosphonates (e.g. clodronate and etidronate) 
having lower antiresorptive potencies in general 
are not activated by these processes. This is in 
line with the fact that despite decades of clinical 
use, there are only few reported cases of BRONJ 
due to the intake of non-nitrogen-containing 
bisphosphonates [ 1 ,  2 ,  37 ].

   Once a critical concentration of bisphos-
phonates in solution is reached, there is not 
only an inhibitory effect on the target cells of 
 bisphosphonate treatment, namely, osteoclasts, 
but there is an inhibitory and potentially even 
toxic effect on a number of other cell types includ-
ing mesenchymal stem cells, osteoblasts and 
osteocytes as well as endothelial cells,  mucosal 

Oral infection or dentoalveolar surgery

Bisphosphonate-related osteonecrosis of the jaw
(BRONJ)

Acidification of localized
jaw bone area

Release and activation
of toxic levels of BP

−
−

−?
−?

Specific
infections

Ischemia
Soft tissue

toxicity

Suppressed
bone

remodelling

Osteoclasts* Angiogenesis* Mucosa*Immune cells*

  Fig. 13.2    Schematic 
diagram of the potential 
pathogenesis of 
 bisphosphonate-related 
osteonecrosis of jaw 
(BRONJ) with 
the pH-value reduction as a 
crucial activator. The minus 
signs symbolise inhibition 
of the following processes 
or tissues; the question 
marks identify the cursorily 
investigated pathogenesis 
theories. The  asterisks  depict 
the points where risk factors 
(smoking, diabetes, steroids, 
chemotherapy, poor oral 
hygiene, co-morbidity) 
might aggravate the BRONJ 
pathogenesis [ 2 ] (Reprinted 
from Otto et al. [ 2 ] with kind 
permission of Elsevier)       
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cells and immuno-competent cells including 
macrophages and T-lymphocytes [ 38 ,  39 ]. At this 
point, all the above-mentioned theories regarding 
BRONJ/MRONJ development come into play 
(Fig.  13.2 ). So, in fact, other existing theories can 
be linked with this theory [ 1 ,  2 ]. 

 Not only does the above-described theory 
explain why the jawbone is an almost exclusive 
target of BRONJ/MRONJ and why apical and 
marginal infections as well as dento-alveolar 
surgeries and especially nitrogen-containing 
bisphosphonates can trigger the occurrence of 
BRONJ/MRONJ. But it also offers a thorough 
rationalisation of why chemotherapy, immuno-
suppression and systemic disorders such as 
diabetes can increase the risk for BRONJ/
MRONJ. The reason is that these circumstances 
are associated with a higher risk of wound heal-
ing disturbances and local infections [ 2 ,  40 – 42 ].  

    Experimental Data Supporting 
the Role of Local Infl ammations 
and pH Changes in the Pathogenesis 
of BRONJ 

 Indeed, cell cultural data could prove that increasing 
doses of nitrogen-containing bisphosphonates in 
solution lead to severe reduction in cell survival and 
activity of human mesenchymal stem cells while 
equimolar concentrations of the non-nitrogen- 
containing bisphosphonate clodronate did not 
show signifi cant inhibitory effects (see Fig.  13.3 ) 
[ 1 ]. This is in line with the clinical fi nding that the 
majority of BRONJ/MRONJ cases occurred after 
long-term intravenous treatment with  zoledronic 
acid while there are hardly any cases of ONJ under 
treatment with non-nitrogen- containing bisphos-
phonates even though they have been in clinical use 
for decades [ 23 ,  37 ].
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  Fig. 13.3    Quantitative analysis of cell viability and cell 
activity using WST assay at pH 7.4 for the two N-BPs, 
zoledronate and ibandronate, and the non-N-BP, clodro-
nate. Zoledronate: control vs. 6-month exposure equiva-
lent  p  < 0.01, control vs. 3-year exposure equivalent 
 p  < 0.01 and 6 month- vs. 3-year exposure equivalent 
 p  < 0.01. Ibandronate: control vs. 6-month exposure 
equivalent  p  < 0.01, control vs. 3-year exposure equivalent 
 p  < 0.01 and 6-month vs. 3-year exposure equivalent 

 p  < 0.01. Clodronate: control vs. 6-month exposure equiv-
alent  p  = 0.214, control vs. 3-year exposure equivalent 
 p  = 0.05 and 6-month vs. 3-year exposure equivalent 
 p  = 0.038. *Dose-adjusted concentrations equivalent to a 
treatment in standard oncology dose. **Equimolar con-
centrations of clodronate as calculated for dose-adjusted 
concentrations of zoledronate [ 1 ] (Reprinted from Otto 
et al. [ 1 ] with kind permission of Elsevier)       
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   Moreover, these inhibitory effects on cell sur-
vival, activity and motility were more pronounced 
for nitrogen-containing bisphosphonates when 
pH decreased to 6.2 – comparable to local infl am-
mations in the human body (see Fig.  13.4 ) [ 1 ]. 
This is in line with the clinical fi nding that the 
majority of BRONJ/MRONJ cases are preceded 
by infl ammatory conditions [ 43 ].

   Furthermore, the group of Agis could prove 
that once bisphosphonates are bound to the 
hydroxyapatite, they are completely inert while 
the same concentration of nitrogen-containing 
bisphosphonates in solution showed toxic effects 
towards fi broblasts [ 44 ]. The physiological mech-
anism which brings bisphosphonates which are 
normally bound to the hydroxyapatite of the bone 
in solution is local acidifi cation which occurs 
during infl ammatory processes. This  condition 
has a crucial role for the vitality of the jawbone. 
In addition to infl ammatory odontogenic infec-
tions, the oral microenvironment becomes acidic 

with very frequent intake of various foods and 
drinks [ 45 ]. The buffering and washing capacity 
of saliva plays an important role in the mainte-
nance of the pH level of the oral fl ora. Although 
the oral cavity has a naturally low alkaline pH 
level, it is often infl uenced by decreases in pH 
levels in other parts of the body. The buffering 
capacity of saliva might be insuffi cient to protect 
the oral fl ora-bone-soft tissue junction microen-
vironment in cases of excessive decreases at pH 
level which leads to BP release from the bone and 
probable infection with necrosis in related struc-
tures that could explain why BRONJ/MRONJ 
affects mainly the jawbones [ 46 ]. 

 In fact, a recent animal study performed on 
rats could prove that an alkaline environment 
achieved using local applications of sodium 
bicarbonate has a preventive effect with regard to 
the development of BRONJ/MRONJ after tooth 
extractions. The authors concluded as well that 
local infl ammations might play a key role for 
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  Fig. 13.4    Quantitative analysis of cell viability and 
activity using WST assay at pH 7.0, 6.7 and 6.3 for zole-
dronate. Values are expressed as percentage of activity at 
pH 7.4, which was set to 1.0 in all cases. *Dose-adjusted 
concentrations equivalent to a treatment in standard 

oncology dose. **Equimolar concentrations of clodronate 
as calculated for dose- adjusted concentrations of zoledro-
nate [ 1 ] (Reprinted from Otto et al. [ 1 ] with kind permis-
sion of Elsevier)       
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the pathogenesis of BRONJ [ 46 ]. Furthermore, 
Aguirre and co-workers could prove that ONJ 
like lesions developed in areas with pre-existing 
periodontitis after the administration of onco-
logical doses of zoledronic acid in rats without 
tooth extractions or other surgical interventions 
[ 47 ]. Recently, a large animal model for BRONJ 
in mini pigs has been developed, and studies 
regarding the effect of local infections in large 
animal models are on the way [ 48 ]. Considering 
the results obtained from these studies, the pres-
ence of a damaged gap (either traumatically or 
periodontally) between the bone and oral fl ora 
which causes infection may found to be inductive 
for the onset of the disease.  

    Clinical Data Supporting the Role 
of Local Infl ammations and pH 
Changes in the Pathogenesis 
of BRONJ 

 Besides that there are numerous clinical proofs 
that local infections play a crucial role for the 
pathogenesis of medication-related osteonecro-
sis of the jaws, Dimopoulos et al. showed that 
implementation of preventive measures prior to 
the start of bisphosphonate treatment in multiple 
myeloma patients could signifi cantly reduce the 
risk of BRONJ [ 49 ]. Riplamonti and colleagues 
could confi rm this signifi cant decrease of BRONJ/
MRONJ occurrence if preventive measures aiming 
in avoidance of local infections were implemented 
prior to the start of bisphosphonate treatment in 
patients with solid tumours. Even if prophylactic 
measurements were implemented after the start of 
bisphosphonate treatment, the risk for BRONJ was 
lower and lesions could be detected earlier [ 50 ]. 

 Besides that, all expert panels and studies 
 recommend to perform dento-alveolar surger-
ies in patients receiving bisphosphonates in a 
way that avoids local wound infections in order 
to prevent the occurrence of BRONJ/MRONJ. If 
dento-alveolar  surgeries in bisphosphonate 
patients are performed under antibiotic prophy-
laxis and using local mucosal or mucoperiosteal 
fl aps, the  occurrence of BRONJ/MRONJ is sig-
nifi cantly reduced. 

 Furthermore, the progression of the disease 
can be stopped or at least reduced in the majority 
of cases simply by local (mouth rinse) and sys-
temic (antibiotics) disinfective measurements, 
and the treatment of MRONJ cases is basically 
aimed at the removal of necrotic and infected 
bone parts accompanied by local mucoperiosteal 
or fl ap closure and antibiotic treatment. All of 
these clinical data give a strong hint for the role 
of infl ammation and infection in the occurrence 
and progression of the disease. 

 Besides, there some general considerations 
that seem to prove the role of pH value with 
regard to the effects as well as the side effects of 
bisphosphonates. When taken orally, the main 
side effect occurs in the gastro-intestinal tract 
because bisphosphonates are in solution in the 
strong acidic milieu of the stomach due to gastric 
acid. When given intravenously, the main side 
effect occurs in the kidney where once again 
bisphosphonates are in solution and where there 
is an acidic milieu of the primary urine close to 
the tubulus cells. 

 The increasing numbers of recent publications 
dealing with the occurrence of osteonecrotic 
lesions of the external ear channel, a location 
which is also prone to infections, and the report 
of occurrence in bone transplants in the jaw-
bone area [ 51 ] are more arguments for the cru-
cial role of the local milieu and infections for the 
 development of MRONJ rather than the jawbone 
or jawbone turnover alone.  

    Osteonecrosis Due To RANKL- 
Inhibitor and VEGF-Inhibitor 
Treatment 

 In the last years, new anti-resorptive substances 
for patients with bone metastases and osteopo-
rotic patients have been used clinically. One 
class is RANK-ligand inhibitors, namely, deno-
sumab. In normal condition, osteoblasts can 
activate osteoclast differentiation and clonal 
expansion via the secretion of RANK ligand. 
This balance can be disturbed in pathophysi-
ological conditions. Tumour cells can activate 
osteoblasts via cytokine secretion, increasing 
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RANK-ligand production. This results in an 
increased bone resorption by osteoclasts, which 
plays a key role in the development of bone 
metastasis. RANK-ligand inhibitors disable this 
pathophysiologic mechanism. Some anti-angio-
genic drugs were also used in cancer patients, 
alone or in combination with bisphosphonates, 
and are under the cloud to trigger osteonecrosis 
of the jaw. The real incidence of medication-
related osteonecrosis of the jaw besides bisphos-
phonate-related osteonecrosis of the jaw is still 
unknown. Several case series of osteonecrosis 
of the jaw in patients with cancer who under-
went denosumab therapy have been reported in 
the recent literature, and seemingly, the overall 
incidence of denosumab-related osteonecrosis 
of the jaw is similar to that for nitrogen-con-
taining bisphosphonates in this population [ 52 ]. 
The vascular endothelial growth factor (VEGF) 
receptor plays a major role in neovascularisa-
tion, which is a keystone for cancer progression 
and can be targeted by drugs inhibiting the tyro-
sine kinase activator or other second messen-
gers. Most neovascularisation inhibitors, such 
as monoclonal antibody bevacizumab and the 
kinase inhibitor sunitinib, target the biochemi-
cal VEGF signalling pathway and decrease the 
angiogenic capacity. Unfortunately, cases of 
bevacizumab- related avascular osteonecrosis of 
the jaw have been reported in patients in combi-
nation therapy with bevacizumab and nitrogen-
containing bisphosphonates. There are also few 
studies reporting sunitinib-related osteonecrosis 
of the jaw [ 53 ,  54 ]. Therefore, different inter-
national guidelines recommend that patients 
undergoing bisphosphonate treatment, deno-
sumab or bevacizumab therapy, require current 
dental health and dental examination in frequent 
intervals [ 55 ]. Good oral hygiene status and 
stopping nicotine abuse should be suggested for 
all patients requiring such treatments. Given the 
fact that the processes of infection defense and 
wound healing in bone are in strong need for 
remodelling and angiogenesis in the respective 
bone it is not surprising that the uncoupling of 
these processes can lead to medication-related 
osteonecrosis of the jaw.     
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        Introduction 

 Medication-Related Osteonecrosis of the Jaw 
(ONJ) is a potentially severe adverse side 
effect associated with the use of several medi-
cations, most notably bisphosphonates and 
denosumab [ 1 ]. Treatment of ONJ remains 
challenging and there remains no defi nitive 
curative with the  possible exception of  surgical 

 resection in selected cases. Considering that the 
vast majority of patients are also affected by 
metastatic incurable cancer, therapy of ONJ is 
often aimed at controlling painful symptoms and 
infection [ 2 ]. 

 Several studies have reported a number of risk 
factors that increase the likelihood of patients to 
develop ONJ (see chapter   3    , page 27); accord-
ingly, it has been suggested that control of these 
factors could translate into a reduced risk of 
ONJ. During the last decade, a number of risk- 
reduction strategies have been suggested and 
introduced [ 3 – 5 ]. However, relevant recommen-
dations have been mostly based on expert opin-
ion with little, if any, solid supporting clinical 
evidence. There remains virtually no well- 
designed randomised controlled trial and very 
few small prospective observational studies that 
have investigated the effi cacy of risk-reduction 
strategies in individuals exposed to anti- resorptive 
agents. The aim of this chapter is to provide a 
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comprehensive summary of available evidence 
regarding risk-reduction measures for patients at 
risk of ONJ. The relevance of genetics and bone 
turnover markers for the prediction of ONJ will 
be discussed as well. Considering the different 
risk profi les of cancer patients with respect to 
individuals with osteoporosis [ 6 ], risk-reduction 
strategies will be discussed separately for these 
two populations.  

    Risk-Reduction Strategies 
in Patients with Cancer 

    Before Commencement 
of Anti- resorptive Therapy 

 There is robust evidence that a signifi cant number 
of ONJ cases in cancer patients are associated with 
a history of surgical procedures to the jaw bones 
(e.g. dental extraction and placement of osteointe-
grated implants) [ 7 ]. Although the exact portion of 
ONJ cases associated with surgical procedures vs 
those who develop ONJ “spontaneously” remains 
unclear, recent studies suggest that at least 
50–60 % of all ONJ cases can present jawbone 
surgery as likely trigger [ 7 ]. As consequence, 
avoidance of surgical procedures during and after 
anti-resorptive therapy has been suggested to rep-
resent a potentially effective risk- reduction strat-
egy. Most recommendations suggest that cancer 
patients who are due to start anti-resorptive ther-
apy should be examined by an oral health practi-
tioner with the aim of restoring diseased dentition 
and removing non-restorable teeth before treat-
ment initiation. The ultimate goal is to prevent the 
clinical scenario where patients may require surgi-
cal intervention to manage dental infection during 
or after anti- resorptive therapy. 

 It is also important to highlight that available lit-
erature has suggested an association between ONJ 
development and active dental infection. Therefore, 
resolution of dental infection via restorative therapy 
is also believed to represent a risk-reduction strat-
egy to be performed before commencement of anti-
resorptive therapy, where possible. 

 It is suggested that oncologists refer patients to 
oral health practitioner as early as possible in 
order to allow mucosal and possibly bone healing 

(about 3–6 weeks) in individuals who receive 
extraction of non-restorable teeth before initiation 
of anti-resorptive therapy. It is also important that 
patients are instructed regarding regular oral 
hygiene procedures, as well as receive meticulous 
professional dental plaque and calculus removal 
2–4 times per year and have caries and periodon-
tal disease treated as soon as they are diagnosed. 
This is believed to increase the chances of pre-
venting acute dental infection and the need of sur-
gical extraction during anti- resorptive therapy. 

 Unfortunately, the real effi cacy of the above 
risk-reduction strategies was only evaluated in a 
few observational uncontrolled studies. A reduc-
tion in the occurrence of ONJ among solid cancer 
patients was observed after the implementation 
of a prophylactic dental programme compared 
with historical controls [ 3 ,  4 ]. Similar fi ndings 
were found among multiple myeloma patients 
treated with zoledronic acid [ 5 ]. In conclusion, 
although the above measures are routinely 
applied in many centres worldwide, robust scien-
tifi c evidence is lacking as relevant studies are 
burdened by a number of signifi cant limitations.  

    After Commencement 
of Anti- resorptive Therapy 

 Risk-reduction strategies in individuals who have 
commenced anti-resorptive therapy are aimed at 
avoiding acute dental infection and surgery to the 
jawbones [ 2 ,  8 ]. This includes elective surgical 
procedures, such as placement of osteointegrated 
implants, which should not be performed in these 
patients. 

 There is general agreement that individuals 
who are using anti-resorptive agents should be 
instructed to keep meticulous oral hygiene habits 
and receive regular professional dental plaque 
and calculus removal [ 2 ,  8 ]. Dental caries and 
periodontal infections that develop during anti- 
resorptive therapy should be promptly managed 
with restorative and nonsurgical procedures as 
soon as the medical status of the patient allows. 

 Most recommendations suggest that non- 
restorable or fractured teeth should not be 
extracted [ 8 ]. Root canal treatment should be the 
treatment of choice for all infected teeth, including 
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those that are non-restorable whose roots can be 
left in situ. Similarly, periodontally diseased 
teeth should be managed conservatively with 
regular scaling and root planning so as to mini-
mise the risk of acute infection. 

 Management of existing dental implants 
should follow similar recommendations, as it has 
been documented that ONJ may develop around 
dental implants [ 9 ]. 

 Notwithstanding the recommendation that 
surgical procedures should be avoided, there are 
instances where dental extraction represents the 
only reliable treatment. Examples include severe 
periodontitis causing tooth mobility, root frac-
tures, as well as recurrent infections not respond-
ing to conservative procedures. In these cases 
conventional dental extractions would signifi -
cantly increase the likelihood of ONJ develop-
ment. A number of potential strategies have been 
suggested to minimise the risk of ONJ in these 
individuals, including antibiotic cover [ 10 ], 
“atraumatic extraction” [ 11 ], primary closure of 
surgical site [ 12 ], orthodontic extrusion [ 13 ], use 
of plasma rich in growth factors (PRGF) [ 14 ], 
Nd:YAG low-level laser [ 15 ], etc. Unfortunately, 
there remains very little evidence to support any 
of these strategies due to the lack of well-designed 
case-control randomised clinical trials. 

 Patients’ prognosis should    be taken into account 
while planning dental treatment. Patients with 
grave prognosis should be approached differently 
from patients with life expectancy of a few years. 

 Dentists should always keep in mind that 
those patients are usually on ongoing anti- 
neoplastic treatment such as chemotherapy and 
radiotherapy. Therefore, a thorough medical sta-
tus update should be performed before each den-
tal treatment session.  

    Patients with Previous History 
of Exposure to Anti-resorptive 
Therapy 

 Bisphosphonates have high bonding affi nity for 
bone tissue and are released very slowly over time 
and excreted in urine. The terminal half-life of 
bisphosphonates is similar to that of bone mineral, 
approximately 10.5 years, and therefore some of 

their skeletal effects may last for years after treat-
ment stops [ 16 ]. Therefore, it is generally recom-
mended that dento-alveolar surgery in cancer 
patients who had been exposed to IV BPs should 
be avoided for many years beyond drug cessation. 
There is no solid evidence regarding the washout 
period of BPs from the jaws. Moreover, it is not 
clear how long it would take for the bony tissues to 
restore their normal remodelling properties after 
total or partial clearance of BPs.  

    Other Risk-Reduction Strategies 

 Available preliminary genetics studies report that 
certain genetic variants may be associated with 
increased risk of ONJ, therefore suggesting that 
some individuals may have a genetic predisposi-
tion to the toxic effects of anti-resorptive agents. 
Studies using dedicated gene approach as well as 
genome-wide association studies (GWAs) have 
identifi ed a number of potentially associated 
gene variants that need further validation and 
replication [ 17 – 19 ]. It is expected that robust 
identifi cation of an associated predisposing gene 
variant would lead to personalised strategies and 
patient stratifi cation so as to reduce the risk of 
ONJ development after exposure to anti- 
resorptive medications. 

 Serum cross-linked C-telopeptide of type I 
collagen (CTX) is a marker of bone turnover and 
has been suggested as potential predictor of the 
risk of ONJ in individuals who have been exposed 
to anti-resorptive agents [ 20 ]. There remains 
however signifi cant controversy regarding the 
validity of this marker in estimating the risk of 
ONJ [ 21 ].   

    Risk-Reduction Strategies 
in Patients with Osteoporosis 

 Similarly to ONJ development in cancer patients, 
there is robust evidence that a signifi cant number 
of ONJ cases in osteoporosis patients are 
 associated with a history of surgical procedures 
to the jaw bones (e.g. dental extraction and place-
ment of osteointegrated implants) [ 6 ]. Similarly, 
available literature has suggested an association 
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between ONJ development and active dental 
infection. 

 However, the risk of ONJ development in this 
population is signifi cantly lower than that 
observed in the cancer setting [ 2 ], and therefore 
most recommendations suggest that risk- 
reduction strategies are not as crucial [ 2 ]. The 
rationale is that ONJ development in osteoporo-
sis patients exposed to anti-resorptive therapy is 
so uncommon (approximately 0.1 %) that no par-
ticular effort is required in attempting to mini-
mise the two most important risk factors, namely, 
surgical procedures and acute dental infection. 
Most authors agree that these individuals do not 
need urgent referral before commencing anti- 
resorptive therapy in order to receive surgical 
therapy and start conservative dental treatment of 
diseased dentition. Provision of routine dental 
check-ups and dental treatment should be recom-
mended, albeit with no signifi cant differences 
with respect to individuals who are not on anti- 
resorptive medications. Similarly, surgical proce-
dures, including elective surgery (e.g. implant 
placement), are not contraindicated in individuals 
with osteoporosis who are using anti-resorptive 
medications. Nevertheless, prior to any surgical 
procedure, the patient should be informed regard-
ing the low risk for ONJ. The healing process 
should be monitored and early intervention is 
recommended for any signs and symptoms asso-
ciate with ONJ. 

 Indeed the same dental recommendations that 
are targeted at healthy individuals with respect to 
oral hygiene procedures, regular dental check- 
ups, and professional plaque and calculus 
removal can also apply to the population of indi-
viduals with osteoporosis who are due to start or 
are using anti-resorptive therapy. 

 Attempts to stratify this population into risk 
categories (e.g. using a cut-off of 3 years of anti- 
resorptive therapy or serum CTX values) have 
never been validated and represent expert opinion 
rather than robust evidence.  

    Conclusions 

 Management of Medication-Related 
Osteonecrosis of the Jaw is challenging and 

outcomes of treatment are unpredictable. There 
is wide consensus that risk of ONJ can be, at 
least in part, reduced through control of a num-
ber of factors associated with increased likeli-
hood of ONJ development. There is some weak 
and limited evidence that prevention of dental 
infection and avoidance of dento-alveolar sur-
gery can reduce the risk of ONJ development in 
cancer patients using intravenous bisphospho-
nates. Therefore, potentially effective risk-
reduction measures in the cancer setting would 
include provision of prophylactic dentistry 
before the start of bisphosphonate therapy, 
including restorative dental treatment and 
extraction of non-restorable dentition. Provision 
of regular dental reviews and restorative dental 
treatment is also recommended during anti- 
resorptive therapy so as to avoid dento-alveolar 
infections and need for surgical intervention. In 
those instances where dental extractions cannot 
be avoided, there are no clear indications of 
effective risk-reduction measures. 

 Because the risk of ONJ in osteoporosis 
patients taking oral BP is very low, there is a 
general consensus that no particular risk-
reduction measure is warranted beyond regular 
dental check-ups and routine dental treatment 
before and during anti-resorptive therapy. 

 Genetic and serum biomarkers predictive 
of the risk of developing ONJ are being 
investigated.     
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     Bisphosphonates, a class of anti-osteoporotic 
agents that work by reducing osteoclast activity, 
have been extensively studied in the preclinical 
bone literature [ 1 ]. Since the initial description 
by Schenk and colleagues of etidronate-induced 
increased metaphyseal bone volume in the grow-
ing rats [ 2 ], hundreds of studies have been pub-
lished describing how bisphosphonates affect 
various skeletal parameters using animal models. 
Despite this extensive body of literature, when 

the clinical description of osteonecrosis of the 
jaw (ONJ) emerged in 2003/2004 [ 3 ,  4 ], the rela-
tive paucity of data describing how bisphospho-
nates affect the maxillofacial skeletal became 
clear. Questions regarding the pathophysiology 
of ONJ were centered on basic questions that in 
most cases could only be answered using animal 
models. Were bisphosphonates having a unique 
effect on the oral cavity compared to the axial/
appendicular skeleton; was dose/duration of 
bisphosphonate infl uencing the manifestation of 
exposed bone; what role was altered vasculature/
microbial environment playing in the disease 
manifestation; and could ONJ be treated or pre-
vented [ 5 ]? It was clear that an animal model of 
ONJ would be essential for answering these 
questions [ 6 ]. 

    Abstract   
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 Perhaps not surprisingly, progress toward an 
animal model of ONJ was slow. Evidence of 
necrotic bone in dogs treated for 3 years with 
bisphosphonates was published in 2008 [ 7 ], yet 
the absence of exposed bone (the key clinical cri-
teria of ONJ) called into question how applicable 
these fi ndings were to the clinical condition. One 
year later, a highly infl uential paper was pub-
lished showing exposed bone in rats resulting 
from the combination of dental surgery, bisphos-
phonates, and dexamethasone [ 8 ]. In the 4 years 
to follow, there have been several dozen publica-
tions showing various aspects of ONJ in mice, 
rats, dogs, and swine. Some of these reports focus 
on basic aspects of “model development,” others 
aim to answer questions regarding the patho-
physiology of ONJ, and still others focus on basic 
effects of bisphosphonates on the oral cavity 
without trying to produce an animal model. 

 This chapter reviews the current state of ONJ 
animal models. Because of fundamental differ-
ences in the physiology of the cortical bone, large 
animal models are discussed separate from rodent 
models. If you are short on time, the take-home 
message is simple – there are numerous models, 
each with strength and weaknesses and each 
which probably provides unique insight into the 
pathophysiology of the disease. 

    Animal Models in Skeletal Biology 

 Several different animals are commonly used in 
preclinical skeletal research (Table  15.1 ). Rodents 
are by far the most popular. They have numerous 

advantages as a research model including having 
well-characterized responses to estrogen with-
drawal (and thus a model of postmenopausal 
osteoporosis) and well-established methods for 
genetic manipulation. One signifi cant limitation 
of the rodent from a skeletal physiology stand-
point is the lack of remodeling within the cortical 
bone (called intracortical remodeling) [ 9 ]. 
Intracortical remodeling, a prominent physiolog-
ical process in humans to renew cortical bone tis-
sue, does not occur in rats/mice under normal 
conditions although it can be stimulated by vari-
ous interventions (estrogen withdrawal, calcium 
restriction, induction of microdamage) [ 10 ,  11 ]. 
Thus, when a research question is aimed at under-
standing cortical bone dynamics, the use of 
rodents has limitations. Larger animals, such as 
rabbits, sheep, dogs, and pigs, undergo intracorti-
cal remodeling and thus have cortical bone physi-
ology more similar to humans [ 12 ]. These 
positives are offset to some degree by both social 
views and economical limitation of using these 
models.

       Large Animal Models 
of Osteonecrosis of the Jaw 

 The fi rst reports of oral bone necrosis associated 
with bisphosphonate treatment came from an 
experiment in our laboratory that was focused on 
investigating how bisphosphonates affect bone 
mechanical properties [ 13 ,  14 ]. The design of 
these experiments was such that skeletally mature 
female beagle dogs were treated with daily oral 

   Table 15.1    Common animal models in skeletal research   

 Species  Advantages  Limitations 

 Mice  Ease of genetic manipulation  Lack of intracortical remodeling 
 Small size for surgical manipulation 

 Rats  Most widely used model of 
OVX-induced bone loss 

 Lack of intracortical remodeling 

 Large animals (dogs, pigs, sheep)  Intracortical remodeling  Expensive 
 Large size  Limited/variable response to OVX 
 Biopsies possible 

 Nonhuman primates  Intracortical remodeling  Expensive 
 OVX-induced bone loss  Limited access for many labs 
 Large size 
 Biopsies possible 
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alendronate at a dose consistent with that used for 
treatment of postmenopausal osteoporosis (on a 
mg/kg basis) or a dose 5× higher (approximating 
the dose used in Paget’s disease). An age-matched 
control treated with oral saline was also part of 
the experiment. Groups of dogs were treated for 
1, 2, or 3 years in duration. Although the effects 
of alendronate on the oral skeleton were not part 
of original analysis plan, the mandibles were 
saved “just in case” at the recommendation of a 
collaborator. 

 Following several years of clinical ONJ 
reports, we began to investigate the utility of our 
stored tissue to understand ONJ. Historical pre-
cedence existed for studying bone necrosis histo-
logically. Using basic fuchsin staining, which our 
lab was quite familiar with based on our interest 
in microdamage, regions of necrotic bone could 
be histologically identifi ed by an absence of stain 
penetration [ 15 ]. Using this method, we showed 

that animals treated with oral alendronate for 
three years had a signifi cantly higher incidence 
of matrix necrosis within the mandible compared 
to vehicle-treated controls [ 7 ]. Our sampling 
method, which examined four different regions 
of bone throughout the mandible, revealed no 
regions of nonviable matrix in vehicle animals 
while 30 % of alendronate-treated animals had 
at least one necrotic region. Necrotic regions, 
which represented areas lacking viable lacuna- 
canalicular networks (Fig.  15.1 ), were funda-
mentally different from what was being seen 
clinically with ONJ – exposed bone in the oral 
cavity. Follow-up analyses of animals that had 
been treated for 1 year with these same doses 
of oral alendronate showed a similar pattern of 
matrix necrosis with alendronate-treated animals, 
but not vehicle controls, having regions of non-
viable bone in the mandible matrix [ 16 ]. While 
the matrix necrosis did not match the clinical 

  Fig. 15.1    Bone matrix necrosis associated with 
 bisphosphonate treatment in beagle dogs. Following 1 or 
3 years of treatment, basic fuchsin staining of samples 
revealed regions of nonviable bone that were notably 
absent in control animals. Regions of nonviable bone 

appear white in fuchsin-stained bone due to the absence 
of penetration of the stain into regions that lack patent 
 canaliculi. These can be observed using either bright-fi eld 
or confocal microscopy (Adapted from Allen and 
Burr [ 7 ])       
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 manifestation of ONJ, it was hypothesized that 
these necrotic regions could be the early stages 
of bone death that would eventually manifest 
into exposed bone if combined with other factors. 
These studies also documented, for the fi rst time, 
that daily oral alendronate at clinically meaning-
ful doses signifi cantly suppressed intracortical 
remodeling within the mandible cortex. This was 
important as suppression of remodeling within 
the oral cortical bone, which normally occurs at 
a high rate, was hypothesized to be a key factor 
in the etiology of ONJ but had not been previ-
ously shown to occur in a model with intracorti-
cal remodeling.

   Subsequent to these experiments, our group 
designed a series of studies to further investigate 
the utility of the beagle dog as a model for 
ONJ. As the majority of the emerging ONJ 
reports were in patients treated with bisphospho-
nate doses consistent with those in cancer patients 
(intravenous zoledronic acid), we asked the ques-
tion of whether there was a difference in matrix 
necrosis between IV zoledronic acid and oral 
alendronate. In short-term experiments (3 and 6 
months), we showed that while IV zoledronic 
acid produced a more rapid and profound sup-
pression of remodeling in the mandible com-
pared to oral alendronate, neither agent produced 
regions of bone matrix necrosis (assessed using 
basic fuchsin staining) [ 17 ]. The working hypoth-
esis that emerged from this study was that the 
matrix necrosis necessitated longer than 6 months 
to manifest even in the face of potent remodeling 
suppression such as occurs with intravenous dos-
ing regimens for cancer treatment. 

 Two additional experiments aimed at under-
standing the interaction between bisphospho-
nates and dental extraction. Early clinical reports 
suggested (and subsequent reports have strongly 
confi rmed) that dental intervention precipitated 
exposed bone in patients at a signifi cantly higher 
rate than occurred spontaneously. In an acute 
experiment (3 months in duration), we observed 
one case of exposed bone in animals treated with 
IV zoledronic acid and then subjected to den-
tal extraction [ 18 ]. This exposed bone matched 
several of the clinical criteria for ONJ includ-
ing the production of a sequestrum (Fig.  15.2 ). 

Our  follow- up experiment, where animals were 
treated for 7 months with IV zoledronic acid prior 
to dental extraction (9 months’ total experimen-
tal duration), failed to produce exposed bone in 
any animal, even in those animals in which zole-
dronic acid was combined with dexamethasone (a 
common cofactor in clinical ONJ) [ 19 ]. Despite 
the lack of exposed bone, high-resolution CT 
revealed two animals with high-dose zoledronic 
acid had signifi cantly compromised extraction 
socket healing. Furthermore, the majority of ani-
mals treated with bisphosphonates, but not those 
treated with vehicle, had periosteal reaction (new 
bone formation on the periosteal surface) associ-
ated with the extraction site. Similar to our ear-
lier studies, these extraction studies revealed that 
IV zoledronic acid potently suppressed (and in 
some cases completely abolished) cortical bone 
remodeling in the mandible.

   A handful of other experiments have  investigated 
the interaction between bisphosphonates and the 
oral skeleton in dogs, although not always focused 
on producing ONJ. A small-scale experiment was 
conducted to look at extraction healing in the pres-
ence of zoledronic acid with or without bone mor-
phogenic protein treatment [ 20 ]. These results 
showed signifi cant bisphosphonate effects on 
remodeling and healing but made no measures of 
necrotic bone. In a similar way, studies examining 
extraction and/or implant healing in animals treated 
with zoledronic acid failed to produced exposed 
bone, although remodeling suppression and matrix 
necrosis (assessed using lactate dehydrogenase his-
tochemistry) were both noted in treated animals 
[ 21 ,  22 ]. Collectively, these studies in a dog model 
produce a consistent picture of potent  suppression 
of intracortical remodeling and  negatively affect 
osseous  healing. However, the model does not pro-
duce a robust manifestation of exposed bone. 

 The other large animal species investigated as a 
model of ONJ is the swine with two reports show-
ing manifestation of exposed bone. Skeletally 
mature male Gottingen mini pigs were treated 
with either weekly zoledronic acid or vehicle for 
16 weeks with multiple dental extractions (6 in 
total) at week 6 [ 23 ]. All  bisphosphonate- treated 
animals developed exposed bone at three or 
more of the extraction sockets, while the  vehicle 
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  Fig. 15.2    Exposed bone in a zoledronate-treated beagle 
dog following dental extraction ( a ). The exposed bone 
eventually formed a sequestrum. ( A ) Photograph; ( B ) 
two- dimensional micro-CT image through the center of 
the sequestrum showing highly scalloped surfaces; 
( C ) two- dimensional micro-CT projection image of the 
entire specimen; ( D ) photomicrograph of histological sec-
tion through the sequestrum stained with tartrate-resistant 

acid phosphatase (TRAP) to visualize osteoclasts (select, 
but not all, osteoclasts identifi ed with  black arrowheads ); 
( E ) photomicrograph of histological section through the 
sequestrum stained with TRAP showing empty osteocyte 
lacunae (select, but not all, empty osteocyte lacunae 
 identifi ed with  black arrowheads ). Scale bars = 1 mm for 
( A – C ) and 100 μm for ( D, E ) (Reproduced with permis-
sion from Allen et al. [ 18 ])       

 animals all had epithelial coverage within 2 
weeks (Fig.  15.3 ). This study conducted a robust 
analysis of several  factors related to necrosis – 
effectively showing visual, histological, and 
CT-based evidence of ONJ. This represents the 
most thoroughly documented evidence of clini-
cally consistent ONJ in a large animal model. 
A second study, using a different strain of swine 

(Wuzhishan mini pigs), also documented the 
development of exposed bone when zoledronic 
acid treatment was superimposed with extraction 
[ 24 ]. Again, control animals showed complete 
healing at the time point assessed. Neither of these 
studies measured intracortical bone turnover rates 
nor commented on the amount of osteonal bone 
within the mandible tissue of mini pigs.
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   Although rabbits are not necessarily a “large 
animal,” they are often grouped in this category 
for skeletal research because like other larger ani-
mals (and different from rodents), they undergo 
intracortical remodeling. There are no published 
reports focused on ONJ in rabbits, although the 
rabbit is a common model for studying dental 
perturbations such as distraction osteogenesis. 
A potentially interesting aspect of rabbits is that 
although they do undergo intracortical remodel-
ing, qualitative analysis revealed it was not com-
mon in the mandible [ 16 ]. 

 The underlying mechanism driving the dis-
connect between the two large animal models, 
canine and swine, with respect to producing 

exposed bone following bisphosphonate/den-
tal extraction is not clear. Doses of bisphos-
phonates were roughly comparable between 
the studies in these two models, as was the 
time post-extraction that the animals were 
assessed. Yet, out of confusion arises oppor-
tunity. The disparate results in these two large 
animal models set the stage for potentially use-
ful comparative studies, examining either bone/
mucosal-specifi c factors or bacterial profi les 
in the oral cavity that differ between mini pigs 
and dogs. Such factors that exist in swine but 
not dogs may provide insight into key factors 
involved in the manifestation of exposed bone 
in the setting of bisphosphonates.  

a
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  Fig. 15.3    Exposed bone and disrupted healing post-
extraction in a mini pig model. Intraoral views of the ani-
mals 10 weeks after tooth extractions with uneventful 
wound healing in the control group ( a : mandible;  b : max-
illa). In contrast, all animals in the bisphosphonate group 
showed impaired healing and exposed bone ( c : mandible; 
 d : maxilla). Computed tomography images ( axial views ) 
of the lower and upper jaw of animals in the control group 
( a, b ) as well as of the bisphosphonate group ( c ,  d ). 

The extraction sites are indicated by  white arrows . Bony 
healing and no periosteal reaction were observed in the 
control animals ( a ,  b ). In contrast, the bisphosphonate 
group exhibited no bone remodeling of extraction sockets, 
and typical radiological hallmarks of a bisphosphonate-
related osteonecrosis were observed (cortical erosion, 
periosteal calcifi cation, hypo- and hyperdensities) ( c ,  d ) 
(Reproduced with permission from Pautke et al. [ 23 ])       
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    Rodent Models of Osteonecrosis 
of the Jaw 

 In 1981, Gotcher and Jee produced, in retrospect, 
the first animal model of ONJ [ 25 ]. They treated 
young, rapidly growing rats with high doses 
of clodronate for up to 18 weeks and observed 
bone protruding into the oral cavity that upon 
 histological analysis was found to be void of 
viable cells and considered devitalized. These 
studies utilized the rice rat, a model known for 
developing periodontal disease. Interestingly, the 
exposed bone occurred in the absence of any den-
tal intervention. Because the animals were young 
and received high doses of drug, the results were, 
at the time, considered to have limited clinical 
relevance. 

 Nearly three decades later, the fi rst animal 
model to emerge following the clinical descrip-
tion of ONJ was published. Sonis and colleagues 
designed their study specifi cally to try and pro-
duce changes in the oral cavity consistent with 
the clinical and radiographic criteria of ONJ [ 8 ]. 
Three-month-old rats were treated with a combi-
nation of zoledronic acid and dexamethasone and 

then subjected to extraction of three molars in 
the mandible or maxilla. The results were strik-
ing (Fig.  15.4 ), with many treated animals devel-
oping mucosal ulceration at the extraction sites, 
and those treated with both drugs had persistent 
ulcerations even 28 days postsurgery. Despite 
the oral examination showing clear lack of heal-
ing in treated animals, most of the other analy-
ses (radiographic, histological) were qualitative. 
Yet this study is considered one of the most of 
important preclinical contributions to the fi eld of 
ONJ as it provided a foundation for future work 
in animals.

   Since the work of Sonis and colleagues, over 
three dozen publications have described how 
bisphosphonates, with or without dental pertur-
bation or coadministration of other drugs, lead 
to the manifestation (or lack) of ONJ in rodents 
(Table  15.2 ). The majority of these have utilized 
the rat as a model although both rats and mice 
have been shown to develop exposed bone and 
related oral manifestations. The remainder of this 
section will highlight some generalizations and 
key rodent papers, rather than detailing specifi c 
strengths/weaknesses about each study. Those 

a b c

  Fig. 15.4    Exposed bone following dental extraction in 
the fi rst rat model of ONJ. Representative photographs of 
gross clinical appearance of maxillary ridges in animals 
with intact epithelium ( a , day 28 following extraction) or 
ulcerated mucosa overlying necrotic bone at days 14 

( b ) and 28 ( c ) following extraction. Ulcerative areas were 
characterized by rolled mucosa, lack of drainage, and, by 
day 28 post-extraction, central areas of  yellow/gray  necro-
sis (Reproduced with permission from Sonis et al. [ 8 ])       
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     Table 15.2    ONJ studies in rodents   

 First author (year)  Species  Bisphosphonate  Dental insult  Exposed bone 

 Sonis (2009) A   Rat  Zoledronate (SC)  All molars from one maxilla  Yes 
 Hikita (2009) B   Rat  Alendronate injections in 

oral cavity 
 Second molar from one 
maxilla 

 No 

 Biasotto (2010) C   Rat  Zoledronate (IV)  One upper molar plus an 
additional 4 mm defect 

 Yes 

 Hokugo (2010) D   Rat  Zoledronate (IV)  All molars from one maxilla  Yes 
 Lopez-Jornet (2010) E   Rat  Pamidronate (IP)  All molars from one maxilla  Yes 
 Maahs (2010) F   Rat  Alendronate (oral) or 

zoledronate (IP) 
 All molars from one maxilla  Yes 

 Senel (2010) G   Rat  Zoledronate (IP) or 
pamidronate (IP) 

 None  Yes 

 Aguirre (2010) H   Rat  Alendronate (SC)  Mandibular fi rst molar  No 
 Xiong (2010) I   Rat  Alendronate (SC)  Periapical lesion at the 

mandibular fi rst molar 
 No 

 Jee (2010) J   Rat  Alendronate (SC)  First molar from one maxilla  No 
 Kobayashi (2010) K   Mouse  Zoledronate (SC)  First molar from one maxilla  No 
 Yamashita (2010) L   Rat  Zoledronate (SC)  Denuded palatal mucosa 

between the fi rst molar and 
great palatine canal 

 No 

 Kikuiri (2010) M   Mouse  Zoledronate (IV)  First molar from one maxilla  Yes 
 Bi (2010) N   Mouse  Zoledronate (IP)  First molar from one maxilla  No 
 Aghaloo (2011) O   Rat  Zoledronate (IP)  Ligature-induced periodontal 

disease 
 Yes 

 Lopez-Jornet (2011) P   Rat  Pamidronate (IP)  All molars from one maxilla or 
mandible 

 Yes 

 Marino (2012) Q   Rat  Zoledronate (IV)  Mandibular fi rst molar  Yes 
 Aguirre (2012) R   Rat  Alendronate (SC) or 

zoledronate (IV) 
 Diet-induced periodontitis  Yes 

 Abtahi (2012) S   Rat  Alendroante  First molar from one maxilla  Yes 
 Said (2012) T   Rat  Etidroante (SC)  None  No 
 Zhao (2012) U   Mouse  Zoledronate (IV)  First molar from one maxilla  Yes 
 Conte Neto (2013) V   Rat  Alendronate (SC)  Mandibular fi rst molar  Yes 
 Abtahi (2013) W   Rat  Alendronate (SC)  First molar from one maxilla  Yes 
 Hokugo (2013) X   Rat  Zoledronate (IV)  First molar from one maxilla  No 
 Bonnet (2013) Y   Mouse  Zoledronate (SC)  Diet-induced periodontitis  No 
 Abtahi (2013) Z   Rat  Alendronate (SC)  First molar from one maxilla  Yes 
 Berti-Couto (2013) AA   Rat  Alendronate (SC)  All molars from one maxilla  Yes 
 Kuroshima (2013) BB   Rat  Zoledronate (SC)  Left and right maxillary 

second molars 
 No 

 Zhang (2013) CC   Mouse  Zoledronate (IV)  Maxillary fi rst molar  Yes 
 Kang (2013) DD   Mouse  Zoledronate (IP)  Pulpal exposure  Yes 
 Tsurushima (2013) EE   Rat  Zoledronate (SC)  Drill hole  No 
 Dayisoylu (2013) FF   Rat  Zoledronate (IP)  Mandibular fi rst molar  Yes 
 Kuroshima (2013) GG   Mouse  Zoledronate (SC)  Left and right maxillary fi rst 

molars 
 Yes 

 Aghaloo (2014) HH   Mouse  RANK-Fc or OPG-Fc (IP)  Pulpal exposure  Yes 

  References: A [ 8 ], B [ 26 ], C [ 27 ], D [ 28 ], E [ 29 ], F [ 30 ], G [ 31 ], H [ 32 ], I [ 33 ], J [ 34 ], K [ 35 ], L [ 36 ], M [ 37 ], N [ 38 ], 
O [ 39 ], P [ 40 ], Q [ 41 ], R [ 42 ], S [ 43 ], T [ 44 ], U [ 45 ], V [ 46 ], W [ 47 ], X [ 48 ], Y [ 49 ], Z [ 50 ], AA [ 51 ], BB [ 52 ], CC [ 53 ], 
DD [ 54 ], EE [ 55 ], FF [ 56 ], GG [ 57 ], HH [ 58 ]  
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interested in specifi cs are encouraged to use 
Table  15.2  as a guide to work through the rel-
evant literature.

   The original model published by Gotcher and 
Jee utilized a special strain of rat (the marsh rice 
rat) [ 25 ] that was susceptible to periodontitis 
when fed soft food. Aguirre et al. revisited the 
model using modernized analysis techniques and 
modifi cations to several aspects of the study 
design including the use of nitrogen-containing 
bisphosphonates (as opposed to etidronate) [ 42 ]. 
These studies showed prominent periodontal 
lesions in both treated and control animals after 
12, 18, or 24 weeks of treatment, but only 
zoledronate- treated animals had exposed bone. 
Similar results have been shown in Sprague- 
Dawley rats that were induced to have periodon-
titis using a ligature model [ 39 ]. Specifi cally, 
treatment of animals having periodontal disease 
with zoledronate resulted in the development of 
exposed bone, sequestrum formation, and histo-
logical necrosis. These studies have important 
implications, as the general view in the fi eld is 
that dental surgery is key in the pathophysiology 
of ONJ. These controlled preclinical studies 
show that periodontal disease and the local 
changes associated with this disease (such as 
infl ammation) are suffi cient when combined with 
potent bisphosphonates (intravenous zoledro-
nate) to manifest ONJ lesions. 

 A handful of other papers have similarly 
shown that dental extraction is not necessary 
to produce ONJ lesions. Some of these are dif-
fi cult to interpret because nothing was done to 
the animal besides dosing with bisphospho-
nate – yet exposed bone was noted [ 31 ]. This is 
not consistent with the majority of studies, nor 
the clinical epidemiology. Others have simply 
done various insults to the oral cavity, but not 
extracted teeth. Localized bacterial injections 
[ 55 ], induction of periapical lesions [ 33 ,  54 ], and 
denuting the palatal bone gingiva [ 36 ] have all 
been shown to produce various degrees of bone 
necrosis ranging from matrix necrosis to exposed 
bone. These effects were all more prominent in 

bisphosphonate- treated rats/mice compared to 
vehicle-treated controls. 

 The far more common approach investigators 
have taken to study ONJ is to extract teeth in 
bisphosphonate-treated animals. Dozens of studies 
have utilized this approach, in both rats and mice, 
with variable outcomes (Table  15.2 ). The reason for 
confl icting results, with some studies showing 
exposed bone while others do not, is unclear. The 
easiest outcome to compare across studies is exposed 
bone based on visual examination (Fig.  15.5 ). Other 
outcomes, such as histological necrosis, are more 
vague and could depend on how the authors defi ne 
such necrosis (size, criteria for number of nonviable 
osteocytes, etc.). Another challenge for the interpre-
tation of all these animal studies is the use of differ-
ent bisphosphonates (alendronate, zoledronate, 
pamidronate), administered through different routes 
(IP, SC, IV) at different doses (or dosing schedules). 
Any or all of these could affect the results, and unfor-
tunately, the most basic experiments, comparing dif-
ferent drugs/routes/doses, have not been undertaken 
in a systematic way. This has hindered the fi eld by 
leading to extreme heterogeneity among studies and, 
from a translational point of view, has not informed 
clinicians on the most important aspects of dosing to 
reduce the risk of ONJ.

   Recently, an animal model of ONJ was produced 
using analogs for denosumab, the only other antire-
modeling agent that has shown clinical manifesta-
tion of ONJ [ 59 ]. Treatment of mice with either 
RANK-Fc or OPG-Fc (binding domains of RANK 
and OPG are bound to the fusion compound (Fc) of 
IgG) produced bone exposure following pulpal 
exposure in 20–30 % of treated animals [ 58 ]. All 
treated animals displayed histological osteonecrosis 
and periosteal bone formation. This paper repre-
sents a  signifi cant advancement to the fi eld as, simi-
lar to the work of Sonis and colleagues, it provides 
a starting point of a model for how manipulation of 
the RANK/RANK-L/OPG system can lead to 
ONJ. Future work in the fi eld will now be able to, at 
least in mice, compare and contrast bisphospho-
nates and RANK-L inhibition as it relates to the 
pathophysiology of ONJ.  
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    Future Directions 

 The fi eld has made great strides in developing 
animal models of ONJ. Not only have models 
been developed, but they have begun being used 
to examine potential ways to reduce the risk or 
treat ONJ. One challenge moving forward is 
determining, for an individual study, what animal 
model to use. The rodent models appear most 
robust and, given the ease of access for most 
investigators, likely represent the initial model of 
choice. Yet because of fundamental differences in 
remodeling of the cortical bone between rodents 

and larger species and the exciting emergence of 
the swine model (and to a lesser degree dog), 
those fi ndings that appear most promising from 
rodents should be confi rmed in a larger animal 
model. Finally, several papers from across all 
animal models (mice, rats, dogs, swine) have 
documented new periosteal bone formation that 
is most prominent in animals treated with antire-
sorptive agents (both bisphosphonates and 
RANK inhibitors) (Fig.  15.6 ). This has also been 
documented in several clinical ONJ papers. The 
reason for this new bone formation is not clear, 
but it is an area that is ripe for exploration as a 

a

b

  Fig. 15.5    Typical bone exposure in rat ( a ) and mouse ( b ) following dental extraction (Reproduced with permission 
from Abtahi et al. [ 50 ] and Kikuiri et al. [ 37 ])       
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potential marker of ONJ. The ability for in vivo 
imaging of animals, and animal models in gen-
eral, is the perfect setting for such exploration.
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    Abstract   

  Oral rehabilitation is a major issue in patients with severe oncological 
 diseases or osteoporosis in order to ensure a better quality of life. Whenever 
possible, oral rehabilitation should be considered. However, new prosthe-
ses and sore spots are often underestimated in regard to their risk of trig-
gering medication-related osteonecrosis of the jaw (MRONJ) lesions. 
Dental care with monitoring oral hygiene and preserving teeth is essential 
in MRONJ prophylaxis. Prosthetic treatment should avoid the need of 
invasive dentoalveolar procedures during antiresorptive therapy if possible 
because these situations are associated with a risk to trigger MRONJ onset. 
Clinicians and patients should be aware of these risks. Planning of pros-
theses and continuous recalls adapted to the individual risk of MRONJ 
will reduce the patients’ risk considerably. The chapter describes the plan-
ning of prosthetic oral rehabilitation of patients receiving oral and intrave-
nous bisphosphonate administrations as well as rehabilitation of patients 
with a history of MRONJ.  
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  16      Dental Rehabilitation in Patients 
Receiving Antiresorptive Drugs 

              Sebastian     Hoefert      ,     Feraydoon     Sharghi      , 
and     Eva     Engel     

        How Does Oral Rehabilitation 
Affects Oral Health-Related Quality 
of Life? 

 Patients under bisphosphonate or denosumab 
medication are frequently affected by an 
immense loss of their overall quality of life due 
to the underlying oncological disease [ 1 ] or by a 
severe osteoporosis [ 2 ]. Oncological patients suf-
fer in general from distress, pain, fatigue, anxiety, 
depression, and practical and psychosocial prob-
lems. Cross- sectional studies have documented 
that approximately 35–45 % of cancer patients 
of North America experience signifi cant levels 
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of distress, and in advanced cancer population, 
the prevalence of distress may even be as high as 
60 % (distress: a multifactorial unpleasant emo-
tional experience of psychological, social, and/or 
spiritual nature that may interfere with the ability 
to cope effectively with cancer, its physical symp-
toms, and its treatment) [ 1 ]. Intraoral rehabilita-
tion improves and maintains oral health-related 
quality of life. Therefore, oral rehabilitation is 
one of the primary treatment targets of dentists. 
Additionally, impaired chewing ability, which is 
also perceived as serious oral health impairment, 
is related to many other oral health problems 
especially in those patient groups [ 3 ]. 

 In cross-sectional studies of a general popula-
tion, it was shown that wearing conventional 
complete dentures improves patients’ satisfaction 
and quality of life [ 3 – 5 ]. Garret et al. reported 
that even 55 % of patients with poorly fi tting den-
tures are moderately to completely satisfi ed with 
their treatment [ 6 ]. The patient-reported effects 
of treatments with fi xed or removable partial or 
complete dentures were associated with reduc-
tion of problems which were most frequently 
complained before insertion of the new prosthe-
sis [ 7 ] especially by improving the psychosocial 
well-being of the rehabilitated patients. 

 The overall satisfaction with implant- 
supported dentures is generally higher compared 
to conventional complete dentures. Interestingly, 
some authors found no differences in quality of 
life and satisfaction when conventional maxil-
lary complete dentures were compared with 
maxillary implant-supported dentures. In con-
trast, lower complete dentures reach inferior 
oral health- related quality-of-life functional 
outcomes compared to even simple implant-
supported overdentures [ 5 ]. Better results can be 
obtained by implant-supported fi xed partial den-
tures or long-bar, respectively, telescopic remov-
able  partial dentures. According to guidelines 
for medication-related osteonecrosis, implants 
are not recommended for patients with regu-
lar intravenous bisphosphonate medication [ 8 ]. 
A detailed implant discussion can be found in 
the chapter Dental implants in the Context of 
Antiresorptive Drugs and Medication-Related 
Osteonecrosis of the Jaw (see Chap.   17    ).   

    How Does Oral Rehabilitation 
Affect MRONJ? 

 Patients treated with antiresorptives like 
 bisphosphonates or denosumab who undergo den-
toalveolar treatments have a risk for MRONJ. This 
risk is 5–21-fold enhanced when patients receive 
intravenous compared to orally administered 
bisphosphonates [ 9 ]. Therefore, it has been pos-
tulated that therapeutical interventions which 
involve direct osseous injury should be avoided as 
far as possible. Prophylaxis with antibiotics and/
or disinfectant agents seems to be essential. 

 Preventive care consists of caries control and 
conservative periodontal and restorative as well as 
appropriate endodontic treatment. Even non- 
restorable teeth are recommended to be treated by 
removal of the crown or restoration, doing root 
canal treatment of the residual root with an adhe-
sive closure of the access hole, and leaving the 
root in place similar to a sleeping implant [ 8 – 10 ]. 

 Root canal treatment is principally connected 
with a risk of MRONJ. But overall incidence and 
therefore the risk is estimated to be low [ 11 ,  12 ]. 
In patients with high risk for MRONJ, an antibi-
otic prophylaxis may be considered. 

 As described in previous chapters, extractions 
of teeth are the most frequent trigger events for 
MRONJ [ 13 ,  14 ]. Interestingly, sore spots of 
dentures bases have been found to be in 10–18 % 
the cause of MRONJ [ 13 – 15 ]. Highest rates with 
up to 30 % of incidence and prevalence were 
reported by Fehm and Vahtsevanos et al. [ 6 ,  13 , 
 16 ]. Analyzing 195 patients with MRONJ dem-
onstrated in 55 % tooth extractions and in 22 % 
sore spots of the denture base to cause MRONJ 
[ 17 ]. Hasegawa et al. found in patients wear-
ing dentures a shorter duration until onset of 
MRONJ. The incidence of the area of MRONJ 

Oral rehabilitation with fi xed or  removable 
prosthesis helps emotionally patients 
with severe diseases with antiresorptive 
 medication. Oral rehabilitation supports 
quality of life and may reduce distress.

S. Hoefert et al.
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increased from the anterior (Fig.  16.1a, b ) to the 
premolar and the molar region. The upper jaw 
(Fig.  16.2 ) was more affected than the lower jaw 
(Fig.  16.3 ) [ 18 ]. These pressure-related ulcers 
can also occur at the hard palate [ 16 ]. Other stud-
ies confi rmed a statistically signifi cant increased 
frequency of MRONJ in cancer patients with 
intravenous bisphosphonates, if they were wear-
ing removable dentures [ 11 ,  12 ,  18 ].

     Generally spoken, ill-fi tting dentures and sore 
spots are the second most mentioned reasons for 
MRONJ by opening a pathway for the oral fl ora 
to the bone [ 11 ] because of the injury of the oral 
mucosa [ 12 ]. Additionally, they contribute to 
MRONJ through the observed inhibitory or toxic 

effects on keratinocytes that impair the habitual 
mucous repair mechanisms and later lead to 
MRONJ [ 19 ,  20 ]. After this tissue breakdown, 
the  damaged mucosa and the underlying bone are 
in danger to be infected by the local oral fl ora 
[ 21 ]. MRONJ could manifest thereafter. 

 The typical location of the mucosal lesions is 
similar to sore spots caused by any denture base 
in any patient. Therefore, it is found either under-
neath the denture base in the nonmobile oral 
mucosa or at the base margin where the mucosa 
is mobile during functional movement of the oral 
muscles [ 22 ]. A decubital lesion in BP patients is 
usually round or oval with a diameter of 1–8 mm. 
A deep red color typifi es a moderate case, 

a b

  Fig. 16.1    ( a ) A female patient with intravenous bisphos-
phonate (zoledronate) with minimum area of exposed 
bone ( arrow ) after sore spots of her denture ( b ). She com-

plained about sore spots 2 months ago. The blood spot 
was provoked by probing with a blunt probe       

  Fig. 16.2    Purulent fi stula of the left upper jaw of a 
patient with breast cancer and denosumab therapy. 
Non restorable teeth were extracted before denosumab 
therapy. The patient complained about a non-fi tting 
 prosthesis. The patient was free of complaints and the 
 fi stula was  discovered at a recall appointment       

  Fig. 16.3    Small ONJ lesion caused by a pressure sore 
( arrow ) at typical site in the lower jaw. This patient with 
metastatic prostate cancer received zoledronate intrave-
nously. The exposed bone is located at the lingual boarder 
of the removable prosthesis       
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whereas a grayish or white lesion surrounded by 
a reddish infl ammation is characteristic of more 
serious cases. Persistent lesions which led to the 
exposed bone can be very pale without any red-
dish infl ammation around and not easy to spot 
(Fig.  16.1a ). A blunt probe is therefore a useful 
instrument. 

 Even simple measurements like forced prob-
ing of the periodontal ligament are reported to 
have a certain risk of MRONJ. Gallego et al. 
described an MRONJ caused by a rubber dam 
clasp [ 10 ].   

    Prosthetic Techniques 
and Recommendations 

 Guidelines for bisphosphonate-related osteone-
crosis (BRONJ) defi ne three levels of risk [ 8 ]. 
In this classifi cation, considerations regarding 
denosumab were added in brackets: 
     Low risk : Oral bisphosphonate medication or 

intravenous bisphosphonate once a year (or 
subcutaneous denosumab) for primary 
osteoporosis  

   Medium risk : Intravenous bisphosphonate (or 
subcutaneous denosumab) medication twice a 
year for secondary osteoporosis (therapy- 
induced osteoporosis)  

   High risk : Intravenous bisphosphonate (or subcu-
taneous denosumab) medications monthly for 
oncological reasons    
 It should be stated that orally administered 

antiresorptive medication for more than 3–4 
years, as well as concomitant chronic long-
term steroid therapy or immunosuppressives 
like methotrexate may rise the risk [ 23 ] to a 
higher (risk) group. For those patients receiving 

 once-a- year intravenous dose of zoledronate, the 
risk of necrosis could be higher after 3 years of 
 treatment. In assessing these patients, it is impor-
tant that oral bisphosphonates before intravenous 
BP or denosumab therapy should be taken into 
account estimating the risk [ 23 ]. 

 Metastatic cancer patients and patients with 
multiple myeloma usually receive antiresorptive 
medications for a long time. These patients could 
be staged as “high-risk” patients at the beginning 
of their antiresorptives therapy. This implements 
that the dental status should be sound and the oral 
health is in good condition. If decayed teeth have 
to be removed, generally spoken, if these patients 
have the need of dentoalveolar surgery, these sur-
geries should be performed before antiresorptive 
treatment starts. The start of the antiresorptive 
therapy should be delayed, if possible, until the 
dental health is optimized, especially, non- 
restorable teeth and those with poor prognosis 
are extracted. Antiresorptive therapy can be 
started after a stable wound situation is reached. 
In general, a 10–14-day delay after surgery 
should be considered as adequate for wound 
healing [ 23 ]. However, every therapy not com-
promising the gingiva close to the bone can be 
performed during antiresorptives therapy. 

 So far, only a few references in literature with a 
low impact of evidence are available regarding 
evidence-based treatment guidelines/recommen-
dations for bisphosphonate or denosumab patients. 

 The following guidelines are suggested by the 
available literature and the personal experience 
of the authors (including personal communica-
tions) and therefore must be critically reviewed. 
Principally, these guidelines are referred to 
patients with a high MRONJ risk:
•     “Long-term successfully worn” dentures with 

no history of sore spots should not be changed, 
if possible . 
 Although relining or renewal of existing den-
tures are thought to improve occlusion, stability, 
retention, and facial support [ 24 ,  25 ], replace-
ment should be evaluated critically especially 
when dealing with elderly patients who have 
worn their removable dentures successfully 
over a long time. Normally with new dentures, 
patients perceive an enhanced oral health-
related quality of life [ 25 ],  but  new dentures 

Surgical extraction of teeth is regarded to 
be the most frequent trigger event for 
MRONJ.

Sore spots of denture bases are impor-
tant prosthodontic risk factors for MRONJ.

Every injury or damage to the soft tis-
sues (mucosa) close to bone could cause 
MRONJ.
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require that patients adapt to its new function 
and they are also known to have problems with 
sore spots after prosthesis delivery: Kivovics 
et al. observed denture- induced mucosal  injuries 

in 87 % in the fi rst, 50 % in the second, and 7 % 
in the third week after placement of complete 
dentures [ 22 ]. Therefore, there might be an ele-
vated risk for MRONJ development.  

a

c

b

d

  Fig. 16.4    ( a ) New overdenture of a female patient with 
multiple myeloma and successful MRONJ treatment (sur-
gical resection). Shortly after therapy, zoledronate was 
restarted combined with lenalidomide (chemotherapy). The 
intra-oral situation ( b ) shows a prominent buccal fl ap cov-
ering the defect at the right alveolar jaw. No sign of fi stula 
or exposed bone. Detail ( c ) of this region (photo taken with 

mirror). The area ( c ) with vulnerable, thin, and non-fi xed 
gingival is marked. This area is very sensitive to sore spots 
and therefore at risk for a relapse of MRONJ. Special atten-
tion was drawn to this area with the prostheses ( d ). A soft 
lining material covers the vulnerable area. The gap is result-
ing from retraction of the buccal tissue fl ap. To reduce the 
pressure forces, only the fi rst molar was lined up       
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•    If new dentures or prosthesis with gingival 
support have to be inserted, a soft lining could 
be considered . 
 Most authors recommend a soft lining 
 technique to reduce sore spots (Fig.  16.4a, d ). 
They also line the surface of dentures to 
 dissipate and distribute forces by their cush-
ioning effect [ 24 ,  26 ]. Soft lining materials are 
principally applied temporarily to the under-
ling denture base to distribute the pressure 
uniformly on the supporting tissues under the 
denture. The viscoelastic properties of these 
materials are important for their cushioning 
effect, which allows a more homogeny pres-
sure distribution, and maintaining the shape of 
the materials [ 27 – 29 ].

   Soft lining materials are very sensitive to 
contamination with candida or other micro-
organisms. Soft linings should be controlled 
regularly and renewed if contamination with 
candida or other microorganism is obvious [ 26 , 
 30 ,  31 ]. Soft liners should remain for 3 years 
maximum but usually have to be exchanged 
 earlier [ 30 ]. A minimum thickness of 1.5–2 mm 
is necessary to distribute the pressure to the 
supporting tissues underneath the denture base 
[ 28 ]; some authors even claim 3 mm [ 27 ,  29 ]. 

 On the other hand, some authors observed 
additional irritations of the mucosa with soft 
liners leading to ulcers [ 32 ].  

•   Regardless of any prosthodontic therapy or 
treatment concept,  maintenance of dentures, 
dental prophylaxis, caries control, and con-
servative restorative dentistry have to be per-
formed continuously  [ 8 ,  9 ,  11 ,  33 ].  

•    For less stress transference to the bone and 
reduction of undesirable horizontal forces, 
acrylic cuspless/monoplane teeth were recom-
mended in dentures  [ 24 ].  

•    Preprosthetic surgery should be performed, if 
possible, before any antiresorptive treatment, 
in order to remove any bony spikes and spic-
ules, which act as foci of stress concentration 
during denture function  [ 24 ].  

•    If extraction of fractured teeth is very risky, 
endodontic treatment, coronectomy, and a 
lock is possible  [ 33 ]. These remnant roots can 
be covered (without contact) with bridges or 
denture bases [ 33 ].  

•    Endodontic treatment is not connected with a 
high risk for  MRONJ. If a diversion of bacte-
ria over the apices into the bone is expected, 
an antibiotic prophylaxis can be considered 
[ 9 – 11 ,  32 ,  33 ].  

•    In contrast to the general recommendation to 
wear the new prosthesis 24 h  [ 33 ],  breaks of 
12 h – normally during night time – are con-
sidered to reduce the risk of (minimum to 
severe) sore spots  [ 24 ]. High polished denture 
bases in the lower jaw are also recommended.  

•    If crowns (regardless whether they support 
fi xed or removable partial dentures) are insuf-
fi cient, rescue fi llings should be considered , 
if the prostheses are functional.  

•    Fixed partial dentures seem to be associated 
with a lower MRONJ risk when compared to 
removable partial ones with mucosal support .  

•    Mucosal support should be avoided in critical 
areas of vulnerable tissues or areas of healed 
MRONJ or lately extraction sites  (Fig.  16.4c ).  

•    High water design of bridge pontics enables the 
possibility to control the mucosa underneath , 
especially if a tooth was extracted under BP 
medication in this area previously. The bridge 
could also be inserted temporarily to control this 
area before using a permanent luting agent. An 
esthetic loss should be considered.  

•    Supra- and para-marginal preparation for 
crowns minimize the possibility of severe gin-
gival tissue damage . In a critical situation, 
antibiotics and moderate local mouth rinses 
(chlorhexidine) could be considered [ 26 ]. This 
critical situation (estimated personal risk) 
could additionally be considered during prep-
aration and impression taking. Retraction fi ber 
could also harm the marginal gingiva and the 
underlying bone.  

•    The patient must be informed about the risk of 
MRONJ in general and the risk especially 
associated with extensive prosthodontic reha-
bilitation  [ 9 ,  24 ,  34 ]. 
 A recall program should be adapted to the indi-
vidual patient’s risk. The patient should be 
recalled at intervals of 2–3 months to monitor 
health of the denture-bearing tissue, clinically 
(and radiographically) [ 24 ,  34 ]. This is in con-
trast to the general guidelines for care and main-
tenance of dentures on an annual basis [ 33 ].  
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•    Some authors mention that oral hygiene is an 
important factor contributing to the remission 
of MRONJ in denture-wearing patients  [ 18 ].  

•    The follow-up care of fi xed and removable 
partial or complete prosthesis has to be estab-
lished as a continuous care . Patients have to 
be instructed regarding the maintenance 
needed considering their possibilities in han-
dling, seeing, and understanding. Assistance 
should be given according to their special 
needs. Removable prostheses need more 
maintenance than fi xed ones [ 34 ].  

•    It should be taken into consideration that the 
maintenance can be interrupted by pain, 
oncological setbacks, and the accompanying 
distress and intensifi ed therapies .    
 Any dental treatment that affects the gum has 

a risk to harm tissues and can cause MRONJ. 
 Patients should be aware of the risk of MRONJ 

by sore spots. 
 Prosthodontic rehabilitation concepts should 

be adapted to: 
•     The disease  
•   The possibilities of the patient to handle the 

dental prosthesis  
•   The possibility to detect sore spots  
•   The capability for recall visits  
•   The risk to develop MRONJ     

    How to Handle Sore Spots 

 As described before, sore spots are one of the 
major risk factors for MRONJ. Therefore, every 
sore spot presenting them with and without 
beginning tissue injury must be considered as a 
serious event and treated immediately. The fol-
lowing procedures turned out to be useful:
•    The patients must be informed about the 

potential risk of MRONJ and sore spots.  
•   In case of sore spots, the patient has to consult 

the dentist immediately in order to remove the 
causes of the sore spots.  

•   If this is not possible in due time, the dentures 
should not be worn anymore, even if those 
areas cannot be identifi ed later.  

•   Patients with high anti-pain medications must 
be aware that they probably will not feel sore 
spots adequately.  

•   Sore spots can be controlled by dental care of 
the prosthesis and moderate local antiseptic 
mouth rinses (chlorhexidine 0.1–0.2 %) and 
mouth rinses with tee. Lower concentrations 
with 0.1 % turned out to be more accepted. 
Especially green tea is thought to have special 
antiseptic qualities [ 15 ,  17 ]. In serious cases, an 
antibiotic therapy should be considered [ 17 ].     

    MRONJ Caused by Sore Spots 

 MRONJ lesions caused by sore spots (Figs.  16.1 , 
 16.2 , and  16.3 ) can be kept under control by the 
daily use of local mouth rinses. Areas of exposed 
and necrotic bone may remain asymptomatic for a 
long time. The lesions are most frequently symp-
tomatic when surrounding tissues become infl amed 
or clinical signs of infection are visible [ 23 ]. This 
can be observed under chemotherapy causing a 
decrease in leukocyte count. For this reason, special 
awareness must be drawn to the immune function. 
Depressed leukocytes or immunosuppressive situ-
ations can worsen the affected area in a short time. 
An antibiotic prophylaxis, especially in immuno-
suppressive (expected) conditions, turned out to 
be effective to prevent progression. Continuous 
antibiotic medication can be administered during 
expected leukocyte depressions.  

    Oral Rehabilitation After MRONJ 
Treatment 

 After a successful treatment of MRONJ, the den-
tist and sometimes the patient are afraid of a 
relapse caused by a new prosthesis. Some clini-
cians recommend not to touch an MRONJ-affected 
area with any prosthesis regardless whether it was 
treated successfully or still has exposed necrotic 
bone (personal communications). But, because 
oral rehabilitation supports the quality of life espe-
cially under general health concerns, the decision 
making in favor or against an oral rehabilitation 
should be considered carefully. Individual condi-
tions of every single patient should be taken into 
account on an individual basis. 

 Oral rehabilitation needs a good expertise and 
experience of the clinician, because  sometimes, 
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these patients end up with enormous bony 
defects of the jaw or even open maxillary sinuses. 
Special attention must be drawn to the sensitive 
and vulnerable regions after (surgical) treatment 
of these patients (Fig.  16.4a–d ). If the patient is 
able to cope with regular recalls, proper daily 
cleaning, and handling the prosthesis, has the 
ability to detect sore spots, and his or her general 
health condition is good enough to endure the 
sometimes even for healthy patients exhausting 
prosthodontic treatment procedure, the oral reha-
bilitation should be considered. 

 Göllner et al. reported a noninvasive pros-
thetic therapy with telescopic overdentures and 
heat-polymerized resilient liner [ 26 ] and observed 
no complications in a 2-year follow-up. 

 Patients with maxillofacial defects after 
MRONJ stage III therapy or sequestrectomy can 
benefi t from obturator prosthesis. Even though an 
obturator prosthesis has a risk for new MRONJ 
lesion, it can provide the patient a good function 
and quality of life. Obturator prosthesis should be 

 considered and discussed with the individual situ-
ation of each patient. Depprich et al. demonstrated 
a good global quality of life after prosthodontic 
therapy with obturator prosthesis of 65 % on aver-
age regarding non-MRONJ patients [ 35 ].  

    Temporary Prosthesis 

 Provisional removable prosthesis are more likely 
to cause sore spots and consecutively MRONJ 
lesions when compared to permanent dentures, 
because they are normally not very stable and 
less supported by the remaining teeth or the gums 
after extractions. For this reason, some authors 
like Göllner et al. strictly prohibit any provisional 
prosthesis to bridge the time till the defi nitive 
prosthesis installation [ 26 ]. 

 Under special circumstances and a close and 
stringent recall, temporary prosthesis could be 
planed and inserted (Fig.  16.5a–c ). These 
arrangements should be adapted to the patients’ 

a

c

b

  Fig. 16.5    ( a ) Situation shortly after extraction of teeth 
under bisphosphonate medication and anticoagulation. 
The patient wanted an interim prosthesis. The situation 
( b ) of the interim prosthesis showing a distance to the 

wound (high water design). The prosthesis provided 
acceptable esthetic results and allows the wound to heal 
undisturbed and uncompromised below the prosthesis ( c )       
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wishes and possibilities and, of course, adapted 
to the personal MRONJ risk – once more – as dis-
cussed above.

       Conclusion 

 Oral rehabilitation is of major importance 
for patients receiving bisphosphonates or 
 denosuamb who often face critical illnesses and 
the respective treatment protocols. Planning, 
manufacturing, and maintenance of dental 
prostheses have to take the individual situation 
of each patient into account. Misfi ts and sore 
spots should be avoided whenever possible.     
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        Introduction 

 Dental implants, which revolutionized prosth-
odontic therapy and modern antiresorptive drugs, 
namely, bisphosphonates, which revolutionized 
therapy in bone disease, both are about 40 years old. 
The topic of dental implants in the context of antire-
sorptive drugs therefore opens a wide fi eld of inter-
ests with respect to clinical and scientifi c impact: 
Implant surgery and periimplantitis are known risk 
factors for medication-related osteonecrosis of the 
jaw (MRONJ). Age is a risk factor for tooth loss 
and therefore for implant need as well as it is for 
osteoporosis and solid metastatic tumor. As these 
two are the most important  indications for antire-

sorptive drugs, there is a big overlap of these two 
patient groups. On the other hand, implants may be 
useful in rehabilitation after tooth and jaw bone loss 
in MRONJ. Implants may also be of prophylactic 
use for MRONJ, as bad-fi tting dentures or denture 
sores can lead to MRONJ. Last, coating of implants 
with antiresorptive drugs may be useful in osseoin-
tegration and prevention of bone loss around dental 
implants or even in periimplantitis, as bone resorp-
tion is an important process in both conditions.  

    Implants, Bisphosphonates, 
and MRONJ 

 Undoubtedly, Marx recognized bisphosphonate- 
induced osteonecrosis of the jaw as an entity and 
its impact in his famous 2003 publication [ 1 ]. But 
as early as 1995, Stark et al. reported a case of loss 
of previously osseointegrated implants in a patient 
after bisphosphonate medication was started [ 2 ], 
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which could be named the fi rst case of MRONJ in 
the literature, retrospectively. Later, it was shown in 
a lot of reports that iatrogenic trauma like implant 
surgery can trigger MRONJ. So, there is evidence 
that implant surgery may be a risk factor or a trig-
ger event for MRONJ, and vice versa, bisphospho-
nate medication may affect implant success, but 
the impact of both of them is not known.  

    Implants as a Trigger for MRONJ 

 Generally, implant surgery is a highly elective proce-
dure. Therefore, there is an important demand on 
safety of dental implantology, especially with regard 
on potential consequences with a relevant morbidity 
like MRONJ undoubtedly may enfold. Implant sur-
gery has the potential for bacterial contamination 
which is a known initiator for MRONJ. Nonetheless, 
MRONJ also occurs as a late effect of implant reha-
bilitation: In a recent case collection study, only the 
minority of patients developed BRONJ as a surgical 
site complication, while in a majority of cases, 
MRONJ formed after months or even years of 
implant osseointegration [ 3 ]. Similarly, in another 
case series of 14 patients with BRONJ after implant 
therapy, mean onset time between implant insertion 
and MRONJ was 20.9 months [ 4 ]. A recent report 
demonstrated spontaneous onset of MRONJ in a 
long-term stable previously grafted sinus [ 5 ], which 
emphasizes that long intervals between surgery or 
implant surgery and MRONJ onset are possible. 

 First recommendations totally neglected elec-
tive jaw surgery like implant surgery in patients 
with bisphosphonate history [ 6 ]. Some authors 
[ 7 ] and also the AAOMS guidelines [ 8 ] advise 
against implants in patients with a history of 
intravenous bisphosphonate medication, while 
they do not contraindicate them in oral drug users 
under special conditions and informed consent, 
including late failure and morbidity. But implant- 
related MRONJ does not only occur in intrave-
nous bisphosphonate users but also in oral route 
therapy [ 4 ,  9 ,  10 ]. Furthermore, there is emerging 
impact of MRONJ generally as a consequence of 
not only intravenous medication both also oral 
medication due to epidemiological reasons [ 9 ]. 
Though there is lack of data, high risk is attrib-
uted to dental implants in cancer patients on intra-
venous medication, and long drug holidays of up 
to 6 years are recommended [ 11 ], which effec-

tively would exclude many of these patients from 
implant therapy. Then again,  successful implant 
therapy in intravenous bisphosphonate users was 
followed in single cases [ 12 ], and implants can 
even heal and keep in function after cured MRONJ 
[ 13 ]. Subsequently, there is neither evidence for 
nor against dental implants in bisphosphonate 
medication, but potential late- onset problems 
should be taken into account. By now, no reports 
exist on MRONJ as effect of implants in patients 
on RANKL-inhibitor (denosumab) medication. 
Probably, these medications are stated as con-
traindications from implantologists. So there is 
lack of information on this topic, and one could 
only speculate if implant therapy could be safely 
performed in these patients, as shorter half-life of 
RANKL-inhibitor than of bisphosphonates may 
allow effective drug-holidays for surgery.  

    Bisphosphonates as a Risk Factor 
in Implantology 

 From a theoretical point of view, one can distinguish 
two impacts of bisphosphonate medication on 
implantology: Firstly, the process of osseointegra-
tion of dentals implants could be disturbed by sys-
temic bisphosphonate medication, and secondly, 
correctly osseointegrated implants could be affected. 

 Reports on successful osseointegration of den-
tal implants overweigh informations on disturbed 
integration [ 14 ,  15 ], but late loss seems to be an 
important problem: Late loss of previously osseo-
integrated implants was fi rst described in 1995: A 
patient lost fi ve implants 6 months after bisphos-
phonate therapy for osteoporosis was started [ 2 ]. 
Implant failure rate was shown to be slightly 
increased in women with oral bisphosphonate 
medication when compared to nonusers [ 16 ], but 
this may not justify an absolute contraindication 
for these patient groups, as survival of implants in 
postmenopausal women showed no difference 
whether they were on bisphosphonate medication 
or not [ 17 ]. Furthermore, there may be an overlap 
for underlying common risk factors for osteopo-
rosis as a bisphosphonate indication and for 
implant failure, like smoking and steroid intake. 

 An overview on the existing literature on the 
impact of bisphosphonates on implant failure and 
induction of MRONJ by implant surgery is given 
in Table  17.1 .
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       Implant-Associated Infections 
in Bisphosphonate Medication 
Versus Common Periimplantitis 

 Periimplantitis in non-bisphosphonate cases usu-
ally initiates in the interface between mucosa and 
implant surface as a mucositis. Then it affects the 
integrity of the bone-implant junction in a bone 
resorption process in direction from crestal to 
apical. If untreated, a gap between implant and 
bone is generated and osseointegration is lost. 
Contrarily, it was shown that the jaw bone devel-
ops sequestrum which includes the implant itself, 
but histologically, osseointegration of the implant 
can persist [ 3 ,  42 ]. One could explain this with 
regard to the fact that bone resorption is inhibited 
by the bisphosphonates, especially near to the 
surface of the bone, while deep in the bone mar-
row, there is still potential for a process like 
sequestration (Figs.  17.1  and  17.2 ).

        Implants in Rehabilitation 
After MRONJ  

 MRONJ has a signifi cant impact on quality of 
life and a big part of this is caused by bad oral 
 conditions like eating discomfort, lack of 

 self- consciousness, and mucosal irritability [ 43 ]. 
MRONJ itself often leads to relevant destruction 
of the jaw bone (Fig.  17.3 ), and surgical treat-
ment of the disease regularly sacrifi ces parts of 
the jaw bone, additionally (Fig.  17.4 ). While sur-
gical protocols to treat MRONJ seem to assimi-
late as they lead to curing in the majority of cases 
(see treatment chapter), bony reconstruction is 
problematic, as MRONJ can affect transferred 
bone [ 44 ] like it does in the jaw bone. As well as, 
there is lack of protocols for rehabilitation after 
MRONJ: Dentures should be very stable, because 
denture sores can trigger MRONJ [ 45 ]. But often 
in these patients, teeth and jaw bone loss leads to 
conditions where dentures cannot be fi t in a suf-
fi cient manner (Fig.  17.5 ). Implants can immobi-
lize dentures perfectly, but a history of MRONJ is 
a risk factor of relevant and highly debated 
impact, which excludes these patients from 
implantology, when regarding the AAOMS rec-
ommendations [ 8 ]. Consequently, leaving 
patients without dental prosthodontic rehabilita-
tion is a recommendation given [ 46 ]. In the last 
years, the point of view changed from oral sur-
gery as a true risk factor for MRONJ to the idea 
of oral surgery as a possible trigger of infection 
and acidic milieu, which then starts the cascade 
for MRONJ [ 47 ]. While still under debate [ 15 ,  48 ], 

a b c

  Fig. 17.1    The patient initiated alendronate 1 year before 
installation of the two implants at the left maxilla. Four 
years later after implantation and BP coverage, one poste-
rior implant was removed at a local clinic because of the 

bone exposure and pain. ( a ,  b ) Radiographic bone destruc-
tion around the remaining implant maintaining the partial 
bone-implant contact. ( c ) The specimen was sequestrated 
with surrounding necrotic bone       
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a

b

c

  Fig. 17.2    Histological feature of the specimen from 
sequestrated bone-implant complex. ( a ,  b ) Osseointegration 
was maintained in some part of the implant surface. 
Microorganisms are dominantly infi ltrating to exposed bone 
surface and not deeply to the implant-bone interface. ( c ) 
Abundant bacterial colony infi ltrating the necrotic  osseous 

structure at the outer side of the specimen. (Villanueva bone 
stain, × 100) (Figs.  17.1  and  17.2 : Courtesy of Tae-Geon 
Kwon, DDS, PhD, Professor, Department of Oral & 
Maxillofacial Surgery, School of Dentistry, Kyungpook 
National University, Samduck 2 Ga, Jung Gu, Daegu, 
700-412, Korea, E-mail: kwondk@knu.ac.kr)       

some evidence for successful implant therapy in 
patients on oral bisphosphonate medication also 
came up in the recent literature.

     In the author’s opinion, surgeons should use 
implants as a means of oral rehabilitation in 
selected cases and under control for other risk 
factors: In a 73-year-old female, which was on 

oral bisphosphonates for 5 years, MRONJ and 
MRONJ-induced pathological fractures were 
treated (Figs.  17.3 ,  17.4 , and  17.5 ). After MRONJ 
was cured, implants were inserted (Fig.  17.6 ) and 
a bar-retained removable prosthesis was inserted 
(Fig.  17.7 ). The patient is on high-frequency 
recall and without any clinical or radiographical 

  Fig. 17.3    Large BRONJ defect in the anterior mandible 
of a 73-year-old female with a 5-year oral bisphosphonate 
medication on osteopenia       

  Fig. 17.4    Defect after surgical debridement and plating 
of pathological fracture       
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signs of infection (Figs.  17.8  and  17.9 ). The 
experience of other authors is consistent with this 
opinion [ 41 ], but of course, there is still lack of 
data on the topic.

          Excursus: Antiresorptive Coatings 
of Dental Implants 

       Matthias     Troeltzsch,        Sven     Otto, 
and        Yorck     Zebuhr        

 Low doses of bisphosphonates inhibit osteoclasts 
while stimulating osteoblasts at the same time 
[ 49 ] which may lead to an anabolic effect on 
bone formation. Therefore, ideas grew to apply 
these drugs for better osseointegration of dental 
implants [ 50 ]. Animal studies on beagle dogs 
performed in the late 1990s have provided initial 
hints that bisphosphonate-coated dental implants 
might induce peri-implant bone formation and 
increased bone-implant contact (BIC) [ 51 ,  52 ]. 
The increased stability is explained by enhanced 
differentiation, proliferation, and activity of end-
ost and bone marrow-derived osteoprogenitor 
cells induced by bisphosphonate exposure [ 49 ]. 

  Fig. 17.5    Closed and sane mucosa in the area of the 
BRONJ defect in the anterior mandible, but absence of 
alveolar process and no possibility to wear a total denture 
(same patient as Figs.  17.1  and  17.2 )       

  Fig. 17.6    Insertion of four dental implants, four months 
after fracture plating       

  Fig. 17.7    Bar retainers, nine months after insertion, 13 
months after implant insertion       

  Fig. 17.8    Healthy conditions at 24-month follow-up 
exam       

  Fig. 17.9    Panoramic x-ray at 24-month follow-up exam 
showing no signs of infl ammation, sequestration, or bone 
loss       
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These results were confi rmed in later studies that 
examined bone formation and bone density 
around implants coated with various nitrogen-
containing bisphosphonates in dog, rat, and sheep 
models [ 53 – 55 ]. In a study in rats, tibias improve-
ment of screw pullout forces was shown for both 
systemically, but even more for alendronate-
coated implants [ 56 ]. Another animal study found 
no difference in implant removal torque whether 
alendronate was systemically administered or not 
[ 57 ]. But enhanced bone formation and a slightly 
higher level of BIC were observed for bisphos-
phonate-coated implants in comparison with 
other chemical surface treatments in micro CT 
images and histological pictures [ 49 ]. A com-
bined coating of calcium phosphate and bisphos-
phonates has displayed the highest effi cacy for 
the improvement of bone quality around implants 
[ 49 ,  55 ]. However, there is sparseness of studies 
that have investigated the infl uence of bisphos-
phonate containing surface modifi cation of den-
tal implants in humans [ 58 ,  59 ]. A total of 22 
patients who have received 22 bisphosphonate-
coated oral implants are reported in the literature 
[ 58 ,  59 ]. Resonance frequency analysis was used 
to measure implant stability at various points in 
time, and peri-implant bone loss was measured 
on intraoral long cone radiographs. In one study, 
two implants were removed after 6 months for 
histological examination [ 58 ]. Although 
increased values in the resonance frequency anal-
ysis could be observed for bisphosphonate-coated 
implants, peri-implant bone loss was detected 
around bisphosphonate-coated implants as well 
as for the uncoated controls [ 58 ,  59 ]. The histo-
logical analysis showed healthy tissues with no 
signs of osteonecrosis around those implants 
[ 58 ]. The follow-up period of the human studies 
was limited to 6 months. 

 At the present time, bisphosphonate-coated 
oral implants have to be considered as an experi-
mental treatment, the effi cacy of which has yet to 
be shown in long-term clinical human trials 
involving more probands as the current evidence 
on this topic is weak. As discussed elsewhere in 
this chapter, occurrence of MRONJ in patients 
receiving systemically administered bisphospho-
nates may be a late complication even after years. 

However, the follow-up period in the available 
studies was only 6 months. Therefore, the pre-
sented data on humans may not be entirely reli-
able and might not cover the full spectrum of 
possible adverse side effects of such surface 
modifi cations. In a recent animal study in rats, it 
was shown that bisphosphonate coating on 
implant surfaces improves osseointegration, 
while long-term systemic administration of nitro-
gen-containing bisphosphonates can lead to 
MRONJ [ 60 ]. These fi ndings also indicate that 
interaction of antiresorptive drugs with osseoin-
tegration of dental implants is far from being 
completely understood.  

    Indicating Dental Implants 
in Patients with Bisphosphonate 
Therapy 

 The success story of dental implantology was 
always infl uenced by decided contraindications 
for patients with a wide variety of adverse con-
ditions, like, for example, periodontal disease, 
diabetes, or osteoporosis. But these hard restric-
tions softened over the years, as biological and 
technical knowledge on implantology grew. 
Bisphosphonate therapy is a relatively new con-
traindication for elective dental implantology, so 
it is understandable that restrictive recommenda-
tions came up fi rstly [ 61 – 63 ]. Historically, an 
intravenous bisphosphonate medication gener-
ally was indicated for oncological therapy, and 
oral medication usually meant an anti-osteopo-
rotic regimen. Nowadays, intravenous formulas 
also exist for these patients, which must not be 
overlooked when regarding the risks of dental 
implant therapy for patients on antiresorptive 
drugs. This should lead the focus on oncological 
versus anti-osteoporotic dosage and term of use 
[ 40 ,  64 ]. 

 In the author’s experience, implants can suc-
cessfully integrate and work in patients on 
bisphosphonate therapy: In 2004, a 55-year-old 
female underwent maxillary bone splitting and 
implant surgery (Fig.  17.10 ). She received 70 mg 
oral alendronate for osteoporosis which was 
diagnosed in 2004 with a 3.8 T-score and a 1.9 
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Z-score. Due to lack of bone, only three of the 
planned four implants were inserted. The 
implants were placed slightly subcrestal, and pri-
mary wound closure was applied surgery 
(Fig.  17.11 ). The surgery was performed under 
IV sedation and under IV antibiotic prophylaxis 
with 2,000 mg amoxicillin and 200 mg clavu-
lanic acid. Parenteral antibiotic prophylaxis was 
the standard procedure for implant surgery under 
IV sedation in the author’s offi ce at this time. 
Moreover, oral antibiotics and chlorhexidine 
were administered. The second-stage surgery 
was done 3 months later. Prosthodontic rehabili-
tation was performed by a gold bar with partial 
crowns on the remaining teeth 17 and 27 and the 

three implants (Fig.  17.12 ) and a partial cover-
denture prosthesis (Fig.  17.13 ). Follow-up exam-
inations were done every 6–12 months. At the 
7-year checkup, a purulent mucositis and osseous 
resorption were detected and treated with a mod-
eling osteotomy and implant surface decontami-
nation (Fig.  17.14 ). On this occasion, the author 
inquired the orthopedic surgeon about the lasting 
alendronate therapy, and cessation of it was 
decided. Healing after fl ap surgery was unevent-
ful and the situation remained stable for another 
3 years with respect to a recession at the implant 
13 (Fig.  17.15 ). Clinical and radiographical fi nd-
ings at the 10-year checkup were fi ne (Figs.  17.16  
and  17.17 ).         

  Fig. 17.10    Panoramic x-ray before maxillary augmenta-
tion and implant surgery, 54-year-old female with osteo-
porosis and oral bisphosphonate therapy (70 mg 
alendronate/week)       

  Fig. 17.11    Panoramic x-ray after augmentation and 
insertion of three dental implants       

  Fig. 17.12    Gold bar with partial anchor crowns on teeth 
17 and 27 and implants 13, 22, and 24 (picture taken at 
10-year follow-up examination)       

  Fig. 17.13    Coverdenture prosthesis (picture taken at 
10-year follow-up examination)       

 

 

 

 

Y.A. Zebuhr



189

 Indication of dental implants for patients under 
or after antiresorptive medication should substan-
tially balance risks and benefi ts: The individual 
risk for MRONJ, the potential implant rehabilita-
tion has for avoidance of risk factors like denture 
sores or protection of the remaining teeth, and the 
need for augmentation are the main topics to be 
discussed [ 14 ]. As the harm of MRONJ is impor-
tant, and implant surgery is highly elective, spe-
cial care on informed consent is necessary [ 64 , 
 65 ]. Today, augmentation procedures are not rec-
ommended, as there is lack of data on the one side 
[ 64 ] and potential for late complications on the 
other side [ 5 ]. As especially anti-osteoporotic 
bisphosphonate therapy is very common in devel-
oped countries [ 66 ] as well as implant therapy, 
there must be a high number of unobserved 
patients with implants under or after bisphospho-
nate therapy. This big overlap of patient groups is 
also indicated in a US single-center study: From 
1,319 female implant patients over the age of 40 
years, 458 answered a survey, and 115 of these 
had a history of bisphosphonates [ 24 ]. 

 With respect to the mentioned, the author’s 
recommendations for implants on patients on 
antiresorptive medication are the following: Short 
operation time, minimal periosteal denudation, and 
the use of monofi lic sutures [ 67 ] should apply for 
minimization of bacterial invasion. Perioperative 
regimens includes parenteral and oral antibiotics 
and chlorhexidine mouth rinses. Operation sites are 
prepared and intraoperatively rinsed with Betadine. 
Submerged healing and secondary minimally inva-
sive uncovering of the implant with stitch incisions 

  Fig. 17.14    Osteolytic alteration at the implant 13 at 
7-year follow up examination       

  Fig. 17.15    Stable recession at implant 13, 10 years after 
insertion, 3 years after fl ap surgery       

  Fig. 17.16    Implants 22 and 24, without pathological 
fi ndings, 10 years after insertion       

  Fig. 17.17    Follow-up panoramic x-ray, 10 years after 
implant insertion and augmentation       
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work well in the author’s practice. It is a dictum 
in this kind of surgery always to keep a mucosal 
coverage, like this indicated from animals stud-
ies [ 68 ]. Digital planning tools, 3-D images, and 
positioning devices are used with the intention of 
avoiding augmentations and saving operating time. 
Prosthodontic work should anticipate loss of single 
implants and loss of manual ability for cleaning. 
With outstanding regard to the special conditions 
and risks, but also with respect to potential ben-
efi ts, implant therapy may not be routinely denied 
for patients with antiresorptive medication, but is 
an issue of discussion in every single patient. Risk 
assessment scores [ 69 ] could facilitate clinical deci-
sion making and be useful for scientifi c analyses.  

    Conclusion 

 Antiresorptive drugs like bisphosphonates, 
RANKL-Inhibitors (denosumab), Medication-
related osteonecrosis of the jaw (MRONJ), and 
dental implants offer a wide fi eld for scientifi c 
and clinical discussion. Oral surgery like 
implant surgery can be a trigger for MRONJ 
but can also safely work for years in patients 
under bisphosphonate medication and even 
after MRONJ. On the one hand, as MRONJ 
also occurs as late and very late complication, 
we maybe could expect a thunderstorm of 
complications, when the emerging number of 
patients with dental implants and augmenta-
tions develops indications for antiresorptive 
therapy regimens. On the other hand, recent 
insights in the etiology and pathogenesis of 
MRONJ encourage us as surgeons, not to con-
traindicate implants in every bisphosphonate 
user but to consider risks and benefi ts individu-
ally while scientifi c evidence is missing.     

  Acknowledgement   Part of the presented material origi-
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        Introduction 

 The association between bisphosphonate treat-
ment and the emergence of osteonecrosis of 
the jaw (ONJ) is well documented [ 1 ,  2 ], and 
plausible theories for its pathogenesis have 
been established [ 3 – 5 ]. The management of 
bisphosphonate-related osteonecrosis of the jaw 
(BRONJ) and its sequelae has become a chal-
lenge for dentists, oral and  maxillofacial sur-
geons, as well as oncologists all over the world 
[ 2 ,  6 ]. However, the risk of ONJ development 
is not limited to patients receiving bisphospho-
nate treatment [ 7 ]. Topical research has recently 
identifi ed other drugs that seem to be capable 
of triggering ONJ or at least increasing the risk 
of its development [ 7 ,  8 ]. Namely, these are the 
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monoclonal antibodies denosumab (XGEVA ® , 
Prolia ® ) and bevacizumab (Avastin ® ) and the 
tyrosine kinase inhibitor sunitinib (Sutent ® ). 
They belong to the group of targeted therapy 
drugs which specifi cally aim at certain mol-
ecules instead of inhibiting all cells in a similar 
manner [ 8 ]. As mentioned in previous chapters, 
denosumab acts as a decoy receptor on RANKL 
(receptor activator of nuclear factor kB ligand) 
and prevents the  interaction between RANK and 
RANK-L (RANK ligand) which is an important 
stimulus for  osteoclast differentiation and matu-
ration [ 9 ,  10 ]. Biologically, denosumab behaves 
similarly as osteoprotegerin (OPG), mainly 
secreted by osteoblasts and stromal cells [ 9 ,  10 ]. 
Bevacizumab is an antagonist on the vascular 
endothelial growth  factor A (VEGF-A) and inhib-
its blood vessel  formation [ 11 ,  12 ]. Sunitinib is 
an inhibitor of various tyrosine kinase receptors 
implicated in VEGF-, PDGF (platelet- derived 
growth factor)-, c-KIT- or RET-mediated signal-
ing pathways and decreases neoangiogenesis, 
bone remodelling, and immunological processes 
[ 13 ]. The specifi c mechanisms of action of the 
mentioned drugs are  displayed in Fig.  18.1  (from 
Troeltzsch et al. [ 7 ]).

       Denosumab 

 The indications for denosumab use are similar 
to those of bisphosphonates [ 10 ,  14 ], and their 
clinical use has been advocated and increased 
in recent years [ 15 ]. Although denosumab in 
 general displays a low-toxicity profi le [ 16 ], 
 various well-designed randomized studies 
have proven the signifi cance of denosumab in 
the  etiology of ONJ [ 15 ,  17 – 23 ] (Table  18.1 ). 
Denosumab- related osteonecrosis of the jaw 
(DRONJ) is reported at a similar rate as BRONJ 
[ 15 ,  17 – 21 ]. This is remarkable, as denosumab 
and bisphosphonates have signifi cantly dif-
ferent mechanisms of action [ 16 ]. The risk of 
ONJ development after denosumab exposure 
seems to rise with increased denosumab doses 
and reduced application intervals [ 16 ]. Unlike 
bisphosphonates, denosumab is not incorporated 
into the bone matrix and has a shorter tissue 
half-life [ 14 ,  16 ]. In contrast to bisphospho-
nates which take effect in all cell lines, deno-
sumab is targeted against the RANKL- RANK 
system controlling osteoclast differentiation 
[ 10 ]. Osteoclasts originate from the monocyte-
macrophage cell lineage and exert immunologic 

  Fig. 18.1    Molecular 
mechanisms of action of 
denosumab, bevacizumab 
and sunitinib in bone 
physiology and angiogenesis 
in comparison to bisphos-
phonates (Reprinted from 
Troeltzsch et al [ 7 ] with kind 
permission of The Canadian 
Dental Association)       
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functions [ 7 ,  9 ,  24 ,  25 ]. It is unclear whether the 
reduction of bone turnover or the inhibition of 
immunological processes, which can be induced 
by denosumab, is the decisive step in the devel-
opment of DRONJ [ 25 ]. More research will be 
necessary to elucidate this matter.

       Bevacizumab 

 Bevacizumab is a human monoclonal antibody 
inhibiting blood vessel formation with applica-
tions in the treatment of breast, ovarian, lung, 
renal, central nervous, and colon cancer as well 
as in the treatment of macular degeneration 
which received approval of the American Food 
and Drug administration (FDA) in 2004 [ 7 ,  12 , 
 26 ,  27 ]. The antineoplastic effect of bevacizumab 
is enhanced when administered in combination 
with conventional chemotherapy drugs when 
compared to isolated bevacizumab therapy [ 12 ]. 
Common side effects of bevacizumab employ-
ment are hypertension, thromboembolic events, 
gastrointestinal perforations, and wound healing 
complications [ 12 ]. Bevacizumab as an addition 
to chemotherapy regimens may increase the 
 frequency and severity of these side effects [ 28 ]. 

 A possible association between ONJ etiol-
ogy and bevacizumab was reported recently 
[ 7 ,  24 ]. The implications of bevacizumab in the 

 etiology of ONJ are unclear. The limited number 
of reported bevacizumab-associated ONJ cases 
raises considerable doubt whether bevacizumab 
alone can cause ONJ [ 7 ,  29 ]. Until 2012, 55 
cases of bevacizumab-associated ONJ had been 
reported to the British and French drug regula-
tory agencies in a cohort of 800,000 patients in 
therapy [ 30 ]. There is clinical suspicion that the 
simultaneous application of bevacizumab and 
bisphosphonates increases the risk of ONJ devel-
opment and leads to spontaneous, sometimes 
multilocular, ONJ lesions [ 8 ,  28 ,  31 ,  32 ]. A con-
siderable amount of cases have been reported in 
the literature [ 26 ,  27 ,  29 ,  33 – 39 ] (Table  18.2 ). 
In most of those cases, bevacizumab was admin-
istered as part of a complex chemotherapeutic 
regimen, and dentoalveolar surgical procedures 
had not been performed [ 27 ,  29 ,  33 ,  35 ,  37 ,  38 ]. 
Although bisphosphonates and bevacizumab 
decrease the bone blood supply, ONJ lesions usu-
ally exhibit an intact vascular architecture [ 7 ,  14 , 
 29 ,  40 ,  41 ]. On the other hand, there are reports 
of the importance of VEGF for osteoclast activity 
[ 42 ]. VEGF increases osteoclastic bone resorp-
tion and is therefore essential in the control of 
bone turnover [ 42 ]. Furthermore, the presence 
of VEGF triggers immunologic processes [ 42 ]. 
Limited bone turnover and debilitated immuno-
logic response in combination with soft tissue 
toxicity by small vessel breakdown [ 43 ] may 

   Table 18.1    Relevant randomized controlled trials investigating the risk of DRONJ development compared to the risk 
of BRONJ development   

 BRONJ rate/examined 
patients receiving 
bisphosphonates 

 DRONJ rate/examined 
patients receiving 
denosumab  Reason for drug use 

 Stopeck et al. [ 15 ]  2.0 %/1,020  1.6 %/1,026  Metastatic breast cancer 
 Henry et al. [ 17 ]  1.3 %/878  1.1 %/878  Various malignancies with lytic bone 

disease 
 Fizazi et al. [ 19 ]  1 %/951  2 %/950  Disseminated prostate cancer 
 Kyrgidis et al. [ 23 ]  1.5 %/1,914  1.3 %/1,908  Bone metastases of various cancers 
 Bone et al. [ 21 ]  N/A  0.13 %/4,550  Osteoporosis in postmenopausal 

women 
 Henry et al. [ 18 ]  0.8 %/792  1.1 %/786  Bone metastases of solid tumors 
 Saad et al. [ 22 ]  1.3 %/2,860  1.8 %/2,862  Bone metastases of solid tumors and 

patients with multiple myeloma 
 Scagliotti et al. [ 20 ]  0.8 %/395  0.7 %/406  Bone metastases in lung cancer 

patients 
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 create a scenario in which ONJ can develop. It is 
therefore conceivable that bevacizumab is associ-
ated with ONJ, and precautions should be under-
taken before the performance of dentoalveolar 
surgeries in these patients [ 7 ].

       Sunitinib 

 Sunitinib belongs to the group of small-molecule 
multikinase inhibitors [ 44 ]. The main effect of 
sunitinib is the inhibition of receptor tyrosine 
kinases with implications in neoangiogenesis 
[ 44 ]. The exact molecular mechanism of action 
of sunitinib is very complex as it blocks multiple 
intracellular signaling pathways at the same time 
[ 44 ,  45 ]. Macrophage maturation, mobility, and 
maturation may be impeded by sunitinib effects 
such as antagonism on M-CSF (macrophage- 
colony stimulating factor, Fig.  18.1 ) [ 7 ,  24 ]. 
Therefore, an inhibition of macrophage function 
by sunitinib is conceivable [ 24 ]. Sunitinib was 
approved by the FDA in 2007 and is administered 
orally [ 45 ]. The range of application for suni-
tinib comprises gastrointestinal stromal tumors 

(GIST), neuroendocrine tumors, and advanced 
renal cell cancer [ 44 – 47 ]. The main side effects 
of sunitinib application are mucositis, thrombo-
cytopenia, neutropenia, gastrointestinal symp-
toms, and fatigue [ 44 ]. 

 Several case reports of ONJ development in 
patients treated with sunitinib alone or in com-
bination with other chemotherapy regimens 
have surfaced since 2009 (Table  18.3 ) [ 8 ,  13 ,  32 , 
 46 – 54 ]. At the present time, there is very little evi-
dence that sunitinib therapy alone may be associ-
ated with an increased risk for ONJ development 
[ 7 ,  50 ,  51 ]. The British and French drug regulatory 
agencies registered 27 cases of sunitinib- associated 
ONJ in a cohort of 100,000 patients receiving sus-
tained sunitinib treatment until the end of 2012 
[ 30 ]. However, there is considerable evidence that 
patients receiving chemotherapy, bisphosphonates, 
and sunitinib at the same time are at a higher risk to 
develop ONJ [ 7 ,  8 ,  13 ,  32 ,  46 ,  48 ,  49 ,  52 ,  53 ]. The 
underlying reasons have yet to be elucidated [ 24 ]. 
Impaired macrophage function, depletion of blood 
supply, and decay of the epithelial barrier as side 
effects of sunitinib treatment may contribute to the 
evolution of ONJ [ 24 ,  46 ].

   Table 18.2    Compilation of reported cases of bevacizumab-related ONJ until December 2013; only cases of ONJ 
development in patients who never received bisphosphonates are listed   

 Number of 
reported cases 

 Reason for bevacizumab 
administration  Circumstances of ONJ development 

 Estilo et al. [ 27 ]  2  Breast cancer  Unclear, no dentoalveolar surgeries 
performed 

 Greuter et al. [ 35 ]  1  Breast cancer  ONJ development after tooth extraction 
 Serra et al. [ 36 ]  1  Lung cancer  ONJ development after tooth extraction 
 Guarneri et al. [ 37 ]  2  Disseminated colon, breast, 

and renal cancer 
 N/A 

 Disel et al. [ 33 ]  1  Colon cancer  Unclear, no dentoalveolar surgeries 
performed 

 Hopp et al. [ 26 ]  1  Intravitreal injection for the 
treatment of retinal vein 
thrombosis 

 Unclear, no dentoalveolar surgeries 
performed 

 Santos-Silva et al. [ 29 ]  1  Renal cancer  Unclear, no dentoalveolar surgeries 
performed 

 Sato et al. [ 38 ]  1  Colon cancer  Unclear, no dentoalveolar surgeries 
performed 

 Pakosch et al. [ 34 ]  1  Pancreatic carcinoma  Mandibular abscess surgical drainage 
 Brunamonti et al. [ 39 ]  1  Adenocarcinoma of the 

parotid gland 
 Pericoronitis of mandibular wisdom 
tooth 
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       Everolimus 

 Reports about everolimus-associated ONJ 
have been published recently (Table  18.4 ) [ 55 , 
 56 ]. Everolimus is an orally available  inhibitor 

of mTOR (mammalian target of rapamycin), 
a  serine/threonine kinase with controlling 
 functions for various cell-signaling pathways 
which are critical in the pathogenesis of many 
malignant tumors and the control of immunologic 
reactions [ 57 ]. The main effects of  everolimus 

   Table 18.3    Compilation of reported cases of sunitinib-related ONJ until December 2013; cases of ONJ development 
after sunitinib treatment alone and in combination with BP are listed   

 Author 
 Number of 
reported cases 

 Reason for 
treatment 

 Bisphosphonate (BP) 
therapy  Outcome 

 Brunello et al. [ 13 ]  1  Renal cancer  Intravenous BP therapy 
prior to sunitinib 
treatment 

 Healing after surgical 
intervention and antibiotic 
treatment 

 Christodoulou et al. 
[ 32 ] 

 1  Renal cancer  Intravenous BP therapy 
prior to sunitinib 
treatment 

 Improvement of symptoms 
after conservative therapy 

 Bozas et al. [ 48 ]  1  Renal cancer  Concurrent treatment 
with intravenous BP 
and sunitinib 

 Healing after BP drug holiday 
and hyperbaric oxygen 
treatment 

 Hoefert et al. [ 49 ]  3  Patients 1–3: 
renal cancer 

 Patients 1 and 2: 
concurrent intravenous 
BP therapy 

 Patients 1 and 2: healing after 
discontinuation of sunitinib 
and surgical/antibiotic therapy 

 Patient 3: previous 
intravenous BP therapy 

 Patient 3: healing after two 
surgical interventions, 
antibiotic treatment, and 
discontinuation of sunitinib 

 Koch et al. [ 47 ]  1  Renal cancer  Sunitinib treatment 
alone 

 Healing after surgical 
intervention and antibiotic 
treatment 

 Bonacina et al. [ 50 ]  3  N/A  Concurrent intravenous 
BP therapy and 
sunitinib 

 N/A 

 Fleissig et al. [ 46 ]  1  Renal cancer  Sunitinib treatment 
alone 

 Healing after surgical 
intervention and antibiotic 
treatment 

 Nicolatou-Galitis et al. 
[ 51 ] 

 1  Metastatic renal 
cancer 

 Sunitinib treatment 
alone 

 Healing after conservative 
treatment and antibiotic 
administration 

 Agrillo et al. [ 52 ]  2  Patient 1 and 2: 
renal cancer 

 Patients 1 and 2: 
concurrent intravenous 
BP therapy and 
sunitinib 

 Patient 1 and 2: relapse of 
ONJ lesion after surgical and 
antibiotic therapy and death 
of both patients due to 
oncologic complications 

 Beuselink et al. [ 53 ]  5  All patients: 
metastatic renal 
cancer 

 Concurrent intravenous 
BP therapy and 
sunitinib 

 N/A 

 Yildiz et al. [ 54 ]  3  All patients: 
metastatic renal 
cancer 

 Sunitinib treatment 
alone 

 N/A 

 Smidt-Hansen et al. [ 8 ]  6  All patients: 
metastatic renal 
cancer 

 Concurrent intravenous 
BP therapy 

 Healing in 1 patient reported 
after surgical and antibiotic 
therapy 
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are decreased angiogenesis, deceleration of cell 
 maturation, and inhibition of osteoclasts [ 56 ]. 
Everolimus was approved by the FDA in 2003 
for the treatment of organ transplant rejection, 
advanced renal cell carcinoma, neuroendocrine 
tumors, breast cancer, and some other cancers 
[ 57 ]. Unwanted side effects of everolimus treat-
ment comprise mucositis, nausea, immunosup-
pression, gastrointestinal symptoms, and cough 
[ 57 ]. The limited evidence of everolimus-related 
ONJ does not allow any conclusions about cause 
and effect relationships at this time.

       Conclusion 

 The array of new drugs with implications in 
the etiology of ONJ has constantly increased 
in the past years. Denosumab has already 
been proven to increase the risk for ONJ 
[ 15 ]. The combination of bisphosphonates 
with antiangiogenetic drugs (bevacizumab 
and sunitinib) in various oncologic treat-
ment regimens may enhance the risk for ONJ 
and decrease the latency period until ONJ 
occurrence [ 28 ]. The pathomechanisms of 
denosumab-, bevacizumab-, and sunitinib-
related ONJ have yet to be explored. The lat-
est drug that has been associated with ONJ 
is everolimus [ 55 – 57 ]. All the mentioned 
drugs have some inhibitory effect on osteo-
clast maturation and activity and curb the 
immunologic host response. This may even-
tually explain their role in the pathogenesis 
of ONJ. Meticulous dental examination and 
special precautions in the performance of 
dentoalveolar surgeries have to be provided 
for patients prior to treatment or in active 
treatment with the mentioned drugs to reduce 
the risk of ONJ development.     

   References 

    1.    Marx RE. Pamidronate (Aredia) and zoledro-
nate (Zometa) induced avascular necrosis of the 
jaws: a growing epidemic. J Oral Maxillofac Surg. 
2003;61(9):1115–7.  

     2.    Colella G, Campisi G, Fusco V. American Association 
of Oral and Maxillofacial Surgeons position paper: 
bisphosphonate-related osteonecrosis of the jaws- 
2009 update: the need to refi ne the BRONJ defi nition. 
J Oral Maxillofac Surg. 2009;67(12):2698–9.  

    3.    Otto S, Hafner S, Mast G, Tischer T, Volkmer E, 
Schieker M, et al. Bisphosphonate-related osteonecro-
sis of the jaw: is pH the missing part in the pathogenesis 
puzzle? J Oral Maxillofac Surg. 2010;68(5):1158–61.  

   4.    Otto S, Pautke C, Opelz C, Westphal I, Drosse I, 
Schwager J, et al. Osteonecrosis of the jaw: effect of 
bisphosphonate type, local concentration, and acidic 
milieu on the pathomechanism. J Oral Maxillofac 
Surg. 2010;68(11):2837–45.  

    5.    Otto S, Schreyer C, Hafner S, Mast G, Ehrenfeld M, 
Sturzenbaum S, et al. Bisphosphonate-related osteone-
crosis of the jaws – characteristics, risk factors, clinical 
features, localization and impact on oncological treat-
ment. J Craniomaxillofac Surg. 2012;40(4):303–9.  

    6.    Pautke C, Bauer F, Otto S, Tischer T, Steiner T, Weitz J, 
et al. Fluorescence-guided bone resection in bisphos-
phonate-related osteonecrosis of the jaws: fi rst clini-
cal results of a prospective pilot study. J Oral 
Maxillofac Surg. 2011;69(1):84–91.  

                7.    Troeltzsch M, Woodlock T, Kriegelstein S, Steiner T, 
Messlinger K. Physiology and pharmacology of non-
bisphosphonate drugs implicated in osteonecrosis of 
the jaw. J Can Dent Assoc. 2012;78:c85.  

         8.    Smidt-Hansen T, Folkmar TB, Fode K, Agerbaek M, 
Donskov F. Combination of zoledronic acid and tar-
geted therapy is active but may induce osteonecrosis 
of the jaw in patients with metastatic renal cell carci-
noma. J Oral Maxillofac Surg. 2013;71(9):1532–40.  

      9.    Boyle WJ, Simonet WS, Lacey DL. Osteoclast differen-
tiation and activation. Nature. 2003;423(6937):337–42.  

       10.    Baron R, Ferrari S, Russell RG. Denosumab and 
bisphosphonates: different mechanisms of action and 
effects. Bone. 2011;48(4):677–92.  

    11.    Van Poznak C. Osteonecrosis of the jaw and bevaci-
zumab therapy. Breast Cancer Res Treat. 2010;122(1):
189–91.  

   Table 18.4    Compilation of case reports of everolimus-related ONJ   

 Author 

 Number 
of cases 
reported 

 Reason for 
administration 
of everolimus 

 Treatment with 
bisphosphonates  Clinical course 

 Giancola et al. [ 55 ]  1  Metastatic renal 
cancer 

 Simultaneous treatment with 
intravenous bisphosphonates 

 Surgical treatment, no 
complete healing reported 

 Kim et al. [ 56 ]  1  Metastatic thyroid 
cancer 

 11 years prior to everolimus 
administration 

 Conservative treatment, no 
complete healing reported 

M. Troeltzsch et al.



199

       12.    Ortega J, Vigil CE, Chodkiewicz C. Current progress 
in targeted therapy for colorectal cancer. Cancer 
Control. 2010;17(1):7–15.  

       13.    Brunello A, Saia G, Bedogni A, Scaglione D, Basso 
U. Worsening of osteonecrosis of the jaw during treat-
ment with sunitinib in a patient with metastatic renal 
cell carcinoma. Bone. 2009;44(1):173–5.  

      14.    Compston J. Pathophysiology of atypical femoral 
fractures and osteonecrosis of the jaw. Osteoporos Int. 
2011;22(12):2951–61.  

        15.    Stopeck AT, Lipton A, Body JJ, Steger GG, Tonkin K, 
de Boer RH, et al. Denosumab compared with zole-
dronic acid for the treatment of bone metastases in 
patients with advanced breast cancer: a randomized, 
double-blind study. J Clin Oncol. 2010;28(35):5132–9.  

       16.    Malan J, Ettinger K, Naumann E, Beirne OR. The 
relationship of denosumab pharmacology and 
 osteonecrosis of the jaws. Oral Surg Oral Med Oral 
Pathol Oral Radiol. 2012;114(6):671–6.  

      17.    Henry D, Vadhan-Raj S, Hirsh V, von Moos R, 
Hungria V, Costa L, et al. Delaying skeletal-related 
events in a randomized phase 3 study of denosumab 
versus zoledronic acid in patients with advanced can-
cer: an analysis of data from patients with solid 
tumors. Support Care Cancer. 2013;22(3):679–87.  

    18.    Henry DH, Costa L, Goldwasser F, Hirsh V, Hungria 
V, Prausova J, et al. Randomized, double-blind study 
of denosumab versus zoledronic acid in the treatment 
of bone metastases in patients with advanced cancer 
(excluding breast and prostate cancer) or multiple 
myeloma. J Clin Oncol. 2011;29(9):1125–32.  

    19.    Fizazi K, Carducci M, Smith M, Damiao R, Brown J, 
Karsh L, et al. Denosumab versus zoledronic acid for 
treatment of bone metastases in men with castration- 
resistant prostate cancer: a randomised, double-blind 
study. Lancet. 2011;377(9768):813–22.  

    20.    Scagliotti GV, Hirsh V, Siena S, Henry DH, Woll PJ, 
Manegold C, et al. Overall survival improvement in 
patients with lung cancer and bone metastases treated 
with denosumab versus zoledronic acid: subgroup 
analysis from a randomized phase 3 study. J Thorac 
Oncol. 2012;7(12):1823–9.  

     21.    Bone HG, Chapurlat R, Brandi ML, Brown JP, 
Czerwinski E, Krieg MA, et al. The effect of three 
or six years of denosumab exposure in women 
with postmenopausal osteoporosis: results from the 
FREEDOM extension. J Clin Endocrinol Metab. 
2013;98(11):4483–92.  

    22.    Saad F, Brown JE, Van Poznak C, Ibrahim T, Stemmer 
SM, Stopeck AT, et al. Incidence, risk factors, and 
outcomes of osteonecrosis of the jaw: integrated anal-
ysis from three blinded active-controlled phase III tri-
als in cancer patients with bone metastases. Ann 
Oncol. 2012;23(5):1341–7.  

     23.    Kyrgidis A, Toulis KA. Denosumab-related osteone-
crosis of the jaws. Osteoporos Int. 2011;22(1):369–70.  

         24.    Pazianas M. Osteonecrosis of the jaw and the role of 
macrophages. J Natl Cancer Inst. 2011;103(3):232–40.  

     25.    Sivolella S, Lumachi F, Stellini E, Favero L. 
Denosumab and anti-angiogenetic drug-related 

 osteonecrosis of the jaw: an uncommon but potentially 
severe disease. Anticancer Res. 2013;33(5):1793–7.  

      26.    Hopp RN, Pucci J, Santos-Silva AR, Jorge J. 
Osteonecrosis after administration of intravitreous bev-
acizumab. J Oral Maxillofac Surg. 2011;70(3):632–5.  

       27.    Estilo CL, Fornier M, Farooki A, Carlson D, Bohle 
3rd G, Huryn JM. Osteonecrosis of the jaw related to 
bevacizumab. J Clin Oncol. 2008;26(24):4037–8.  

      28.    Lescaille G, Coudert AE, Baaroun V, Ostertag A, 
Charpentier E, Javelot MJ, et al. Clinical study evalu-
ating the effect of bevacizumab on the severity of 
zoledronic acid-related osteonecrosis of the jaw in 
cancer patients. Bone. 2014;58:103–7.  

        29.    Santos-Silva AR, Belizario Rosa GA, Castro Junior G, 
Dias RB, Prado Ribeiro AC, Brandao TB. 
Osteonecrosis of the mandible associated with bevaci-
zumab therapy. Oral Surg Oral Med Oral Pathol Oral 
Radiol. 2013;115(6):e32–6.  

     30.      Bevacizumab, sunitinib: osteonecrosis of the jaw. 
Prescrire Int. 2011;20(117):155.  

    31.    Aragon-Ching JB, Ning YM, Chen CC, Latham 
L, Guadagnini JP, Gulley JL, et al. Higher inci-
dence of Osteonecrosis of the Jaw (ONJ) in patients 
with metastatic castration resistant prostate cancer 
treated with anti-angiogenic agents. Cancer Invest. 
2009;27(2):221–6.  

       32.    Christodoulou C, Pervena A, Klouvas G, Galani E, 
Falagas ME, Tsakalos G, et al. Combination of 
bisphosphonates and antiangiogenic factors induces 
osteonecrosis of the jaw more frequently than bisphos-
phonates alone. Oncology. 2009;76(3):209–11.  

      33.    Disel U, Besen AA, Ozyilkan O, Er E, Canpolat T. 
A case report of bevacizumab-related osteonecrosis of 
the jaw: old problem, new culprit. Oral Oncol. 2011;
48(2):e2–3.  

    34.    Pakosch D, Papadimas D, Munding J, Kawa D, 
Kriwalsky MS. Osteonecrosis of the mandible due to 
anti-angiogenic agent, bevacizumab. Oral Maxillofac 
Surg. 2013;17(4):303–6.  

     35.    Greuter S, Schmid F, Ruhstaller T, Thuerlimann B. 
Bevacizumab-associated osteonecrosis of the jaw. 
Ann Oncol. 2008;19(12):2091–2.  

    36.    Serra E, Paolantonio M, Spoto G, Mastrangelo F, 
Tete S, Dolci M. Bevacizumab-related osteneo-
crosis of the jaw. Int J Immunopathol Pharmacol. 
2009;22(4):1121–3.  

     37.    Guarneri V, Miles D, Robert N, Dieras V, Glaspy 
J, Smith I, et al. Bevacizumab and osteonecrosis of 
the jaw: incidence and association with bisphos-
phonate therapy in three large prospective trials in 
advanced breast cancer. Breast Cancer Res Treat. 
2010;122(1):181–8.  

     38.    Sato M, Ono F, Yamamura A, Onochi S. A case of 
osteonecrosis of the jaw during treatment by bevaci-
zumab for sigmoid colon cancer. Nihon Shokakibyo 
Gakkai Zasshi. 2013;110(4):655–9.  

     39.    Brunamonti Binello P, Bandelloni R, Labanca M, 
Buffoli B, Rezzani R, Rodella LF. Osteonecrosis of 
the jaws and bevacizumab therapy: a case report. Int J 
Immunopathol Pharmacol. 2012;25(3):789–91.  

18 Osteonecrosis of the Jaw in Association with Targeted Therapy



200

    40.    Hansen T, Kunkel M, Springer E, Walter C, 
Weber A, Siegel E, et al. Actinomycosis of the jaws – 
 histopathological study of 45 patients shows signifi cant 
involvement in bisphosphonate-associated osteonecro-
sis and infected osteoradionecrosis. Virchows Arch. 
2007;451(6):1009–17.  

    41.    Hansen T, Kunkel M, Weber A, James Kirkpatrick 
C. Osteonecrosis of the jaws in patients treated with 
bisphosphonates – histomorphologic analysis in com-
parison with infected osteoradionecrosis. J Oral 
Pathol Med. 2006;35(3):155–60.  

      42.    Aldridge SE, Lennard TW, Williams JR, Birch 
MA. Vascular endothelial growth factor receptors in 
osteoclast differentiation and function. Biochem 
Biophys Res Commun. 2005;335(3):793–8.  

    43.    Magremanne M, Lahon M, De Ceulaer J, Reychler H. 
Unusual bevacizumab-related complication of 
an oral infection. J Oral Maxillofac Surg. 2013;
71(1):53–5.  

        44.    Mena AC, Pulido EG, Guillen-Ponce C. Understanding 
the molecular-based mechanism of action of the 
 tyrosine kinase inhibitor: sunitinib. Anticancer Drugs. 
2010;21 Suppl 1:S3–11.  

     45.    Goodman VL, Rock EP, Dagher R, Ramchandani 
RP, Abraham S, Gobburu JV, et al. Approval sum-
mary: sunitinib for the treatment of imatinib refrac-
tory or intolerant gastrointestinal stromal tumors and 
advanced renal cell carcinoma. Clin Cancer Res. 
2007;13(5):1367–73.  

       46.    Fleissig Y, Regev E, Lehman H. Sunitinib related 
osteonecrosis of jaw: a case report. Oral Surg Oral Med 
Oral Pathol Oral Radiol Endod. 2012;113(3):e1–3.  

     47.    Koch FP, Walter C, Hansen T, Jager E, Wagner 
W. Osteonecrosis of the jaw related to sunitinib. Oral 
Maxillofac Surg. 2011;15(1):63–6.  

     48.    Bozas G, Roy A, Ramasamy V, Maraveyas A. 
Osteonecrosis of the jaw after a single bisphosphonate 
infusion in a patient with metastatic renal cancer 
treated with sunitinib. Onkologie. 2010;33(6):321–3.  

     49.    Hoefert S, Eufi nger H. Sunitinib may raise the risk of 
bisphosphonate-related osteonecrosis of the jaw: pre-
sentation of three cases. Oral Surg Oral Med Oral 
Pathol Oral Radiol Endod. 2010;110(4):463–9.  

     50.    Bonacina R, Mariani U, Villa F, Villa A. Preventive 
strategies and clinical implications for bisphosphonate- 
related osteonecrosis of the jaw: a review of 282 
patients. J Can Dent Assoc. 2011;77:b147.  

     51.    Nicolatou-Galitis O, Migkou M, Psyrri A, Bamias A, 
Pectasides D, Economopoulos T, et al. Gingival bleed-
ing and jaw bone necrosis in patients with  metastatic 
renal cell carcinoma receiving sunitinib: report of 2 
cases with clinical implications. Oral Surg Oral Med 
Oral Pathol Oral Radiol. 2012;113(2):234–8.  

     52.    Agrillo A, Nastro Siniscalchi E, Facchini A, Filiaci F, 
Ungari C. Osteonecrosis of the jaws in patients assum-
ing bisphosphonates and sunitinib: two case reports. 
Eur Rev Med Pharmacol Sci. 2012;16(7):952–7.  

     53.    Beuselinck B, Wolter P, Karadimou A, Elaidi R, Dumez 
H, Rogiers A, et al. Concomitant oral tyrosine kinase 
inhibitors and bisphosphonates in advanced renal cell 
carcinoma with bone metastases. Br J Cancer. 
2012;107(10):1665–71.  

     54.    Yildiz I, Sen F, Basaran M, Ekenel M, Agaoglu F, 
Darendeliler E, et al. Response rates and adverse effects 
of continuous once-daily sunitinib in patients with 
advanced renal cell carcinoma: a single-center study in 
Turkey. Jpn J Clin Oncol. 2011;41(12):1380–7.  

      55.    Giancola F, Campisi G, Russo LL, Muzio LL, Di Fede 
O. Osteonecrosis of the jaw related to everolimus and 
bisphosphonate: a unique case report? Ann Stomatol 
(Roma). 2013;4 Suppl 2:20–1.  

      56.    Kim DW, Jung YS, Park HS, Jung HD. Osteonecrosis 
of the jaw related to everolimus: a case report. Br J 
Oral Maxillofac Surg. 2013;51(8):e302–4.  

       57.    Lebwohl D, Anak O, Sahmoud T, Klimovsky J, 
Elmroth I, Haas T, et al. Development of everolimus, 
a novel oral mTOR inhibitor, across a spectrum of dis-
eases. Ann N Y Acad Sci. 2013;1291:14–32.      

M. Troeltzsch et al.



201S. Otto (ed.), Medication-Related Osteonecrosis of the Jaws: Bisphosphonates, Denosumab, and New Agents,
DOI 10.1007/978-3-662-43733-9_19, © Springer-Verlag Berlin Heidelberg 2015

        Introduction 

 Osteonecrosis of the jaw is – quite contrary to com-
mon view – not a recently discovered side effect 
and complication of antiresorptive medication. 

 This might come as a surprise, taking into 
consideration that literature concerning the 
 disease (PubMed.gov; US National Library of 
Medicine National Institute of Health) was 

 virtually nonexistent before 2003, rising steadily 
to more or less 200 articles per year since 2007. 

 This is hardly surprising since bisphospho-
nates (originally called diphosphonates) were 
not introduced until 1969, when etidronate 
entered the market, and highly effective  formulas 
were not available until the introduction of pami-
dronate and zoledronate [ 1 ]. Side effects of this 
new medication were not observed until 2003, 
when Robert Marx described the fi rst cases of 
osteonecrosis of the jaw, which he attributed to 
the use of bisphosphonates [ 2 ].  

    Abstract   

  Medication-related osteonecrosis of the jaw and phosphorous necrosis are 
strikingly similar. Phosphorous necrosis (phossy jaw) was caused by close 
contact with yellow phosphorous. In the nineteenth century, the know-
ledge concerning cause and prevention of osteonecrosis was astonishingly 
accurate. Rules concerning prevention and treatment were similar to those 
of our days. The Bern convention banned the use of yellow phosphorous. 
In the following decades, the disease gradually disappeared from common 
knowledge, until Robert Marx described the fi rst modern bisphosphonate-
related osteonecrosis of the jaw in 2003.  
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    Phosphorous Necrosis and Match 
Making 

 The history of phosphorous-associated osteone-
crosis of the jaw, also called phosphorous necro-
sis, however goes back in time considerably. As 
early as in 1845, Friedrich Wilhelm Lorinser 
described nine cases of serious necrosis of the 
jaw that came to his attention in the year 1839 
(Fig.  19.1 ). He published his report in 
“Österreichische medicinische Jahrbücher” with 
the original title “Necrose der Kieferknochen in 
folge der Einwirkung von Phosphordämpfen/
Necrosis of the jaw following exposure to phos-
phorous fumes.” Friedrich Wilhelm Lorinser 
(1817–1895) was a physician from Vienna, who 
practiced at the local hospital in Vienna. All in 
all, Lorinser observed 126 patients suffering from 
osteonecrosis, who had come in close contact 
with yellow phosphorous, while working in 
matchmaking factories [ 3 ].

   Yellow phosphorous was used in manufactur-
ing “strike anywhere” matches (Fig.  19.2 ). The 
yellow phosphorus- tipped match was developed 
around 1830 [ 4 ] and named Lucifer matches by 
Samuel Jones in 1829 [ 5 ]. Primarily, factory 
workers called “dippers,” “mixers,” and “boxers” 
came to close contact with yellow phosphorous. 
“Mixers” had to heat phosphorous for the dip-
pers, who dipped the wooden pins of the matches 
into it. After drying, the “boxers” sorted and 
packed the fi nished matches into matchboxes 
[ 4 – 6 ]. Match production did not require strength 
or special skills and was ideal for low-income 
families working from home. A nursery rhyme 
dating back to those times describes the practice 
of child labor in that context: “The match box, 
the match box was hard to make at three, but now 
I am four or rather more, it is easier for me” [ 5 ].

       Phosphorous Necrosis and Clinical 
Observation 

 As in contemporary medication-related osteone-
crosis of the jaw, the workers of the nineteenth 
century developed severe jaw infections, mostly 
after tooth extractions. Mortality in those pre- 
antibiotic days was as high as 20 % [ 4 ,  7 ]. Besides 
palatinal spreading (a stage 3 equivalent) to the 

  Fig. 19.1    Friedrich Wilhelm Lorinser (1817–1895) 
(Reprinted from Lecky [ 10 ])       

  Fig. 19.2    Strike anywhere matches incorporating yellow 
phosphorus in the match head (Reprinted from R.E. Marx 
Introduction in “Bisphosphonates and Osteonecrosis of 
the Jaw” by Francesco Saverio de Ponte with kind permis-
sion of Springer Science+Business Media)       
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orbital bones, the infection could also affect the 
eyes with subsequent atrophy of the eyeball 
(Fig.  19.3 ). Besides that pathological fractures of 
the mandible and fi stula formations have also 
been described (Fig.  19.4 ). Meningeal infl amma-
tion and cerebral abscesses were feared compli-
cations [ 8 ,  9 ]. The connection between 
osteonecrosis and extraction of infected teeth was 
obvious [ 4 ,  6 ,  9 – 11 ]. According to Miles, the 
typical course was described by Simon as fol-
lows: “Typically a dull red area developed on the 
gum, usually in relation to an infected tooth. An 

indolent ulcer formed or, following the extraction 
of the tooth, the socket refused to heal and the 
soft tissue infl ammation persisted. There was 
relatively slow progressive extension with even-
tual  separation of a sequestrum which is classi-
cally described as porous and light in weight and 
presenting a worm-eaten appearance likened to 
pumice-stone” [ 12 ].

        History of Prevention 
and Precaution of Phosphorous 
Necrosis 

 It soon became obvious that prevention and 
 precaution was the key to reduce the number of 
necrosis cases. Due to the severity of these cases 
and the frequently fatal outcome of phosphorous 
necrosis in those days, politicians were forced to 
act. Rules for match makers and special medical 
and dental examinations were introduced. 

  Fig. 19.3    Necrosis of the upper jaw with destruction of 
the eyeball. Case presented by Teleky (Reprinted with 
kind permission of Springer Science+Business Media 
from Ludwig Teleky L 1955 “Gewerbliche Vergiftungen” 
Springer)       

  Fig. 19.4    Match factory worker at the end of 19th 
 century suffering from phossy jaw with patho logical frac-
ture of the mandible and fi stula formation (Reprinted from 
R.E. Marx “Introduction” in “Bisphosphonates and 
Osteonecrosis of the Jaw” by Francesco Saverio de Ponte 
with kind  permission of Springer Science+Business 
Media)       
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Employees, who worked in the dipping room for 
more than 28 days straight, had to be examined 
by an appointed dentist. Regular medical exami-
nations every 3 months were mandatory. All 
cases of toothache or swelling of the jaw had to 
be examined and reported immediately. After 
tooth extractions, workers had to be excluded 
from match making till a fi nal examination 
showed a complete restoration to health. Owing 
to these measures, Goadby was able to report in 
1909 during an annual meeting in England that 
between 1900 and 1907, only 13 cases of osteo-
necrosis out of a total of 1,378 workers (0.9 %) 
had been observed, as opposed to 73 cases that 
had been reported out of a total of 1,908 workers 
(3.8 %) before [ 13 ]. In contrast, Austria assess-
ments addressed 350–400  non- registered cases 
between the years 1896 and 1905 [ 9 ]. 

 An American patent from 1863 provided a 
novel technique for dipping splints in phospho-
rous compositions, putting an end to close con-
tact to the phosphorous fumes [ 8 ], but was not 
able to stop the phosphorous necrosis.  

    The Berne Convention 

 The plight of match makers suffering from phos-
phorous necrosis drew wide public attention that 
in 1906, the International Association for Labour 
Legislation called an international conference at 
Berne. The Berne convention put a ban on the use 
of yellow phosphorous for match making. The 
agreement was signed by a number of nations. 
Russia and Japan had not sent delegates due to 
hostilities between both nations. England joined 
the law later in 1908, after considerable public 
pressure. Early in 1931, yellow phosphorous dis-
appeared in the United States, when a high tax 
on these matches made them cost prohibitive 
[ 4 ,  7 ,  8 ]. Yellow phosphorus was subsequently 
replaced by red phosphorus. Matches made with 
red phosphorus or with phosphorus sesquisul-
fi de (trisulfurated phosphorus) had additional 

 benefi ts. They were safer regarding fi re hazards 
(spontaneous ignitions) and poisoning after 
ingestion was less severe [ 4 ]. 

 Even before the Berne convention, the salva-
tion army of England had introduced matches 
made from red phosphorous advertising them as 
“Lights in darkest England” [ 5 ]. They even 
advertised them with the remark of “health- 
preserving principles” in production.

      After the Berne Ban 

 After solving the problem of phosphorous necro-
sis, the disease gradually faded from common 
knowledge. Interestingly, the awareness of phos-
phorus necrosis was very much alive in 1924 that 
a new disease was described as: “Somewhat simi-
lar to phosphorus necrosis, which, however, was 
caused by some radio-active substance” referring 
to osteoradionecrosis [ 14 ]. In 1951, phosphorous 
necrosis was described as follows: “Phosphorus 
causes osteomyelitis of the jaws in workers in the 
manufacture of matches who pay little or no 
attention to hygiene of the mouth. The phospho-
rus in its solid form or by its fumes probably 
gains entrance to the jaw bone through devital-
ized pulps of carious teeth or through an infl amed 
periodontal membrane” [ 15 ]. Interestingly, all 
previous knowledge about osteonecrosis seems 
to have disappeared by then, being replaced by 
relatively simple mechanical thinking. 

 In 2003, Marx described the fi rst cases of 
BRONJ after bisphosphonate medication [ 2 ]. In 
September 2004, Novartis, the manufacturer of 
the intravenous bisphosphonates pamidronate 
(Aredia) and zoledronate (Zometa), notifi ed 
healthcare professionals of the risk of osteone-
crosis of the jaw in connection with bisphospho-
nate medication. 

 This was followed in 2005 by a drug class 
warning concerning the above described compli-
cation for all bisphosphonates including oral 
preparations [ 16 ].  
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    Phosphorous Necrosis 
and Bisphosphonate-Related 
Osteonecrosis of the Jaw 

 Critics will emphasize the differences between 
bisphosphonate-related osteonecrosis of the jaw 
and phosphorous necrosis. Marx offered the fol-
lowing solution to this puzzle [ 7 ]. He assumed 
that yellow phosphorous is transformed into 
some kind of bisphosphonate in the human body 
by biological processes. Yellow phosphorus with 
its simple formula P 4 O 10  might be combined with 
H 2 O, CO 2  and amino acids like lysine. The 
 chemical product could be identical to a (medi-
cal) bisphosphonate. The human body would act 
as a bioreactor producing so-called “auto” 
bisphosphonates. Technically speaking, the pyro-
phosphate molecule (P 2 H 4 O 7 ) is derived from the 
basic molecular structure of yellow phosphorous 
with the addition of 2H 2 O molecules. This 
diphosphonate is transformed into a bisphospho-
nate, when a carbon atom is substituted for an 
oxygen atom. This carbon backbone could be 
derived from CO 2  or carbonic acid, a reaction 
possibly aided by N 5  methyl tetrahydrofolate and 
dihydrofolate reductase. The result would be a 
so-called fi rst-generation bisphosphonate – origi-
nally derived from simple yellow phosphorous. 
To create a bisphosphonate of higher potency, the 
nitrogen could either come from ammonia (NH 3 ) 
or, more likely, from amino acids, such as lysine. 
Interestingly, such a molecule has similarities 
with alendronate or pamidronate [ 7 ]. In all hon-
esty, it must be admitted, however, that no addi-
tional reports have so far confi rmed Marx’s 
ingenious theory. 

 In conclusion, there are striking similarities 
between phosphorous necrosis (phossy jaw) and 
bisphosphonate-related osteonecrosis of the jaw. 
Even though it is not proven that it is the same 
entity or that there is a common etiology, the clin-
ical presentation and preventive measurements 
were obviously similar to nowadays medication-
related osteonecrosis of the jaw.     
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         Introduction 

 Bisphosphonates represent the organic ana-
logue (P-C-P) for inorganic pyrophosphate 
(P-O-P), which, as the simplest of the condensed 

 phosphates, denoted the starting point for the 
development of today’s commonly used bisphos-
phonates (Fig.  20.1 ) [ 24 ,  26 ,  55 ,  87 ]. This fact 
is also refl ected in the currently pervasive use of 
both bisphosphonates and pyrophosphates in vari-
ous everyday products besides the broad use in 
the treatment regimen for osteoporosis and bone 
tumors (Table  20.1 ) [ 22 ,  24 ,  25 ]. While bisphos-
phonates were earlier used to prevent calcium 
carbonate precipitation (e.g., boiler stones), they 
have been implemented in various everyday prod-
ucts like toothpastes and therapy patterns in order 
to avoid dental calculus, caries, and general soft 

    Abstract  

  Today, bisphosphonates are already used in a variety of indications, which 
by far exceed the commonly known applications. Closely related to their 
anorganic compound pyrophosphate, organic bisphosphonates are already 
used in everyday products like toothpastes and reagents for anticalculus 
and anti- calcifi cation purposes. Besides that, bisphosphonates were suc-
cessfully applied within experimental, animal, and clinical trial studies for 
dental socket preservations, periodontitis, and periimplantitis. Thereby, 
among other positive aspects like distinctive antibacterial profi les, more 
bone formation and fewer bone resorption were detected. Several other 
conditions commonly seen in oral and maxillofacial surgery might also 
benefi t from administrations of antiresorptive drugs. In addition, bisphos-
phonates can also be successfully administered in uranyl intoxications as 
well as for hard and soft tissue calcifi cations. The primary aim of the 
ongoing research in this fi eld can be defi ned in the detection of the ideal 
dose-effect relationship of different bisphosphonates when applied intra-
venously, orally, or topically.  
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and hard tissue calcifi cations [ 39 ,  50 ,  63 ,  67 ,  77 , 
 103 – 105 ]. Due to their high bone affi nity, pyro-
phosphates are also used in bone scintigraphy with 
 99m technetium [ 48 ,  59 ,  85 ,  95 ,  101 ]. 

   With regard to their pharmacokinetic and 
pharmacodynamic profi le, pyrophosphates can 
only be administered intravenously and exhibit a 
poor pharmacological impact, which antagonizes 
their broad use. On the other hand, bisphospho-
nates feature superior modes of action and can 
also be applied locally or orally [ 22 ,  24 ,  25 ]. 

 Besides the already known indications for 
bisphosphonates like osteoporosis and bone 
tumors, especially maxillofacial and dental appli-
cation purposes have become a developing fi eld 
with new indications for broader implementa-
tions of bisphosphonates [ 55 ,  87 ].  

    Perspectives of Bisphosphonates 
in Dentistry 

    Anticalculus and Anticaries Effects 

 Like pyrophosphates, various studies revealed 
that bisphosphonates are also capable of 

 preventing dental calculus and caries [ 100 ]. 
This also applies to TRK-530, a new bisphos-
phonate, which Sikder and Shinoda et al. admin-
istered topically for anticalculus purposes in 
rats [ 83 ,  86 ]. 

 Considering clinical usage, Koch et al. 
were able to reveal a signifi cant anticar-
ies profi le by the use of bisphosphonates in 
a 3-year controlled clinical trial with more 
than 1,000 patients [ 45 ]. Thereby, tooth-
pastes with 250 or 1,000 ppm fl uoride were 
either applied with 1-hydroxyethylidene- 1.1-
bisphosphonate (HEBP), azacycloheptylidene- 
2.2-bisphosphonate (AHBP) or as control group 
in more than 1,100 children at 11 and 12 years 
of age. After 3 years of unsupervised brushing, 
AHBP exhibited signifi cant better results com-
pared to single fl uoride treatments.  

    Dental Implant Coating 

 Based on pharmacological perceptions, bisphos-
phonates can increase bone mineralization. 

 In a study with beagle dogs, Yoshinari et al. 
showed that the coating of titanium implants with 
calcium phosphate followed by pamidronate 
immobilization for 24 h at 37 ° C results in higher 
osseointegration and bone formation rates than in 
the uncoated control groups [ 111 ]. Moon et al. 
interpreted this fact to generally enhanced alka-
line phosphatase ( ALP ) and osteoclast inhibition 
rates [ 60 ]. In several more studies, Stadelmann 
et al. could reveal higher bone densities, bone 
thickness, and bone mineralization by the appli-
cation of zoledronate in orthopedic applications 
[ 89 – 91 ,  94 ]. In dentistry, subsequent patient stud-
ies showed generally higher stability quotient 
rates for bisphosphonate-coated dental titanium 
implants [ 2 ,  3 ].  

O–
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O– O–

O O

O–

P PO

O– R1

R2O– O–

O O
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P PC

  Fig. 20.1    Chemical structure 
of  pyrophosphate and bisphosphonates       

   Table 20.1    Daily commodities containing bisphospho-
nates and pyrophosphates   

 Application  Examples 

 Crystal, metal, and 
other surfaces 

 Prevention of stone formation, 
corrosion, and pollution 

 Solutions  Softener of water 
 Textile dyes 
 Plasticizer in wool 
 Synthetic detergents 

 Plastics and polymer 
industry 

 Stabilization, adhesion 

 Daily commodities  Cosmetics, photograph, 
toothpaste, hair shampoos, soap, 
disinfectant, dispersant 
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    Socket Preservation 

 Teeth loosening, loss of teeth, and teeth  extraction 
often result in elevated bone resorption processes, 
which makes bone augmentation prior to implant 
treatment mandatory. 

 In animal experiments, intravenous or subcu-
taneous application of zoledronate or alendronate 
results in diminished bone resorption after teeth 
extraction [ 6 ,  31 ,  42 ]. Jee et al. detected signifi -
cant differences in vertical and horizontal  alveolar 
crests after subcutaneous application of alendro-
nate (1 mg/kg/day), whereas Abtahi and 
Kuroshima et al. only accomplished satisfactory 
results by using soft tissue coverage therapies 
characterized by a mucoperiosteal fl ap or para-
thyroid hormone usage [ 1 ,  40 ,  46 ]. Vertical and 
horizontal higher alveolar crests were also 
detected by Graziani et al. in a randomized clini-
cal trial [ 35 ]. 

 Other animal studies showed that prolonged 
systemic applications of zoledronate can induce 
BRONJ, inhibit angiogenesis, and lead to bacte-
rial colonization, whereas these effects could not 
be proven for alendronate and etidronate [ 5 ,  44 , 
 109 ]. However, pharmacological actions and side 
effects of bisphosphonates have to be interpreted 
with special regard to the dose and frequency of 
application (cumulative dose) [ 8 ,  64 ]. 

 When reimplanting teeth after accidents or 
surgical procedures demanding teeth extraction, 
topical application of alendronate, zoledronate, 
and etidronate can be used to prevent infl amma-
tory resorptive processes [ 17 ,  61 ,  81 ].  

    Periodontitis 

 Periodontitis must be seen as one of the major 
risk factors for the development of teeth loosen-
ing, loss of teeth, and periimplantitis after implant 
treatment. Besides systematically planned 
mechanical interventions and control appoint-
ments, medications for plaque prevention and 
removal are necessary and highly questioned. 

 Various animal studies showed positive effects 
of alendronate, clodronate, etidronate, risedro-
nate, tiludronate, TRK-530, and zoledronate on 
the inhibition of bone resorption, bone 

 mineralization, and bone formation after experi-
mentally induced periodontitis [ 4 ,  12 ,  20 ,  30 ,  33 , 
 58 ,  65 ,  71 ,  72 ,  75 ,  83 ,  84 ,  102 ,  107 ]. In an ovari-
ectomized rat model that simulated postmeno-
pausal estrogen defi ciency, Said, Xiong, and 
Duarte et al. were not able to completely restore 
bone balance by the application of bisphospho-
nates [ 20 ,  75 ,  107 ]. For the overall suppression of 
osteoclasts, Goes and Price et al. were able, 
among others, to show additive suppressive 
effects for alendronate and statins [ 30 ,  34 ,  70 , 
 102 ]. In two studies, Buduneli et al. revealed 
additive antiresorptive effects by using alendro-
nate and doxycycline [ 13 ,  14 ]. Furthermore, 
Buduneli, as well as Menezes et al., demonstrated 
anti-infl ammatory and antibacterial effects of 
alendronate [ 13 ,  33 ,  56 ]. Alendronate was also 
capable to lower bone specifi c alkaline phospha-
tase and alveolar bone loss signifi cantly [ 33 ]. 
Topical application of 1 % alendronate gel 
improved the overall gingival index as well as 
probing depth and clinical attachment level [ 71 ]. 

 Shoji and Aguirre et al. detected dose- 
dependent actions of risedronate and zoledro-
nate on osteoclastogenesis and therefore bone 
resorption [ 4 ,  84 ]. Thereby, higher doses of sub-
cutaneous risedronate enhance bone-protecting 
effects, whereas 80 μg/kg zoledronate results 
in further periodontal bone defects. Within all 
mentioned animal studies, the route of drug 
administration (oral, intravenous, subcutaneous, 
subperiosteal) does not seem to determine posi-
tive or negative effects as well as side effects 
of bisphosphonate application. However, some 
bisphosphonates, as shown by Cetinkaya and 
Kim et al., seem to have negative effects on bone 
microcirculation [ 15 ,  42 ]. Thus, disturbances in 
bone circulation were connected to the occur-
rence of BRONJ [ 22 ,  23 ,  64 ]. 

 In several clinical controlled study trials with 
at least 52 periodontal defects and a follow-up 
between 6 and 12 months, Pradeep and Sharma 
et al. revealed positive effects of 1 % alendronate 
gel on probing depth, bleeding index, clinical 
attachment level, and overall bone deposition 
[ 68 ,  69 ,  79 ,  80 ]. These results were also detected 
by Lane et al. in a study with 27 patients [ 47 ]. In 
two other studies, radiologic evidence of the pos-
itive effects of alendronate was shown by 
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El-Shinnawi and Veena et al. [ 21 ,  99 ]. Besides 
alendronate, also etidronate has positive effects 
on bone resorption over 5 years as shown by 
Takaishi et al. in a study with four women [ 92 ]. 
While Rocha et al. revealed positive effects of 
alendronate on periodontal bone resorption and 
cementoenamel junction, Jeffcoat et al. only 
detected an overall positive impact of alendro-
nate in the prevention and development of mani-
festing periodontitis [ 41 ,  74 ]. 

 With regard to drug administration develop-
ments, Samdancioglu et al. developed micro-
spheres with alendronate on chitosan and 
poly(lactide-co-glycolide) acid (PLGA) basis 
that showed slower and faster drug release kinet-
ics [ 76 ].  

    Bisphosphonates and Periimplantitis 

 Overall, positive effects of bisphosphonates on 
bone resorption, bone formation, and periodontal 
processes were shown in the enumerated studies 
above. 

 Meraw and Shibutani et al. detected macro-
scopic and radiologic bone formation and less 
bone resorption by topical and intramuscular 
application of alendronate and pamidronate in a 
dog model [ 57 ,  82 ]. Thereby, Shibutani et al. did 
not detect signifi cant differences of the serum 
markers osteocalcin and deoxypyridinoline [ 82 ]. 

 As a prognostic marker in peri-implant infl am-
matory processes, detection of matrix metallo-
proteinases (MMPs) in the peri-implant sulcus 
fl uid and periodontal ligament cells plays a cru-
cial role [ 43 ]. In vitro and in vivo studies of 
Ozdemir, Nakaya, and Teronen et al. showed the 
inhibition of MMP-1, MMP-3, MMP-8 and 
MMP-9 by clodronate and tiludronate [ 62 ,  66 , 
 93 ]. Despite these signifi cant results, RNA levels 
were not affected [ 62 ].   

    Potential Applications in Other 
Diseases of the Maxillofacial Region 

 Bisphosphonates can also be applied for other 
diseases and indications of the maxillofacial area. 
Numerous studies revealed benefi cial effects of 

bisphosphonates in the treatment of Paget’s dis-
ease, osteogenesis imperfecta, osteoradionecro-
sis, giant cell granuloma, and fi brous dysplasia 
[ 10 ,  16 ,  18 ,  19 ,  38 ,  48 ,  51 ,  73 ,  78 ,  112 ]. In diffuse 
sclerosing osteomyelitis and SAPHO syndrome, 
bisphosphonates successfully reduced pain, bone 
resorption, and bone turnover [ 7 ,  36 ,  49 ,  52 ,  88 , 
 106 ,  110 ]. 

 Against all presumptions, the vast majority of 
studies did not reveal any hard or soft tissue 
necrosis after systemic or topical application of 
various bisphosphonates. Besides even more 
application possibilities in the future, the great 
advantages of bisphosphonates infl uencing bone 
resorption should not be forgotten in oral and 
maxillofacial surgery and other medical 
specialties.  

    Additional Applications 
for Bisphosphonates 

 Intoxications with uranyl nitrate are another 
major fi eld of experimental bisphosphonate 
application. Uranyl nitrate is, among other appli-
cations, important for the nuclear processing of 
enriched uranium. In a study with rats, Ubios and 
Bozal et al. systematically applied ethane-1- 
hydroxy- 1,1-bisphosphonate after uranyl intoxi-
cation [ 11 ,  97 ]. Thereby, bone growth, bone and 
cartilage thickness, and metaphyseal activity 
were not different to control groups. In this case, 
bisphosphonates act as uranyl chelating agents 
[ 27 – 29 ,  37 ,  53 ,  54 ,  96 ,  108 ]. 

 Additional applications were described by van 
Dyck, Göcmen, and Bereket et al. [ 9 ,  32 ,  98 ]. In 
these studies, bisphosphonates were applied in 
order to treat infantile arterial calcifi cation, pul-
monary alveolar microlithiasis, and vitamin D 
intoxication.  

    Conclusion 

 Overall, bisphosphonates as well as pyrophos-
phates can be used in a broad and still expand-
ing range of indications in maxillofacial surgery, 
dentistry, and other medical specialties. 

 Besides the prevalent application in osteo-
porosis and bone metastasis, the substances 
are already regularly used in daily products 
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like toothpastes and chemical reagents for 
anticalculus, anti-calcifi cation, and cleaning 
purposes. In various studies, bisphosphonates 
were applied for periodontitis, periimplantitis, 
socket preservations, and uranyl intoxications 
and in coated implants. In these studies, 
bisphosphonates successfully antagonize bone 
resorption and even stimulated bone growth. 
In radiology, bisphosphonates and pyrophos-
phates can be used with radioactive nuclides 
as bone markers. 

 However, additional research has to be 
done regarding advantages and disadvantages, 
side effects, pharmacokinetics, and applica-
tion profi les of bisphosphonates, before evi-
dence-based recommendations for new 
indications can be given.     

   References 

    1.    Abtahi J, Agholme F, Aspenberg P. Prevention of 
osteonecrosis of the jaw by mucoperiosteal coverage 
in a rat model. Int J Oral Maxillofac Surg. 
2013;42(5):632–6. PubMed PMID: 23499148.  

    2.    Abtahi J, Tengvall P, Aspenberg P. Bisphosphonate 
coating might improve fi xation of dental implants in 
the maxilla: a pilot study. Int J Oral Maxillofac Surg. 
2010;39(7):673–7. PubMed PMID: 20452185.  

    3.    Abtahi J, Tengvall P, Aspenberg P. A bisphosphonate- 
coating improves the fi xation of metal implants in 
human bone. A randomized trial of dental implants. 
Bone. 2012;50(5):1148–51. PubMed PMID: 22348981.  

     4.    Aguirre JI, Akhter MP, Kimmel DB, Pingel JE, 
Williams A, Jorgensen M, et al. Oncologic doses of 
zoledronic acid induce osteonecrosis of the jaw-like 
lesions in rice rats (Oryzomys palustris) with peri-
odontitis. J Bone Miner Res. 2012;27(10):2130–43. 
PubMed PMID: 22623376.  

    5.    Aguirre JI, Altman MK, Vanegas SM, Franz SE, 
Bassit ACF, Wronski TJ. Effects of alendronate on 
bone healing after tooth extraction in rats. Oral Dis. 
2010;16(7):674–85. PubMed PMID: 20846154.  

    6.    Allen MR, Kubek DJ, Burr DB, Ruggiero SL, Chu 
TG. Compromised osseous healing of dental extrac-
tion sites in zoledronic acid-treated dogs. Osteoporos 
Int. 2011;22(2):693–702. PubMed PMID: 20458574.  

    7.    Armstrong DJ, Wright SA, Coward SM, Finch 
MB. Bone marker response in chronic diffuse scle-
rosing osteomyelitis treated with intravenous iban-
dronate. Ann Rheum Dis. 2006;65(7):976–7. 
PubMed PMID: 16769790.  

    8.    Assaf AT, Smeets R, Riecke B, Weise E, Gröbe A, 
Blessmann M, et al. Incidence of bisphosphonate- 
related osteonecrosis of the jaw in consideration 
of primary diseases and concomitant therapies. 

Anticancer Res. 2013;33(9):3917–24. PubMed 
PMID: 24023329.  

    9.    Bereket A, Erdogan T. Oral bisphosphonate therapy 
for vitamin D intoxication of the infant. Pediatrics. 
2003;111(4 Pt 1):899–901. PubMed PMID: 12671131.  

    10.    Bolland MJ, Cundy T. Paget’s disease of bone: clini-
cal review and update. J Clin Pathol. 2013;66(11):
924–7. PubMed PMID: 24043712.  

    11.    Bozal CB, Martinez AB, Cabrini RL, Ubios 
AM. Effect of ethane-1-hydroxy-1,1- bisphosphonate 
(EHBP) on endochondral ossifi cation lesions induced 
by a lethal oral dose of uranyl nitrate. Arch Toxicol. 
2005;79(8):475–81. PubMed PMID: 15798912.  

    12.    Brunsvold MA, Chaves ES, Kornman KS, Aufdemorte 
TB, Wood R. Effects of a bisphosphonate on experi-
mental periodontitis in monkeys. J Periodontol. 
1992;63(10):825–30. PubMed PMID: 1328593.  

     13.    Buduneli E, Buduneli N, Vardar-Sengül S, Kardeşler 
L, Atilla G, Lappin D, et al. Systemic low-dose dox-
ycycline and alendronate administration and serum 
interleukin-1beta, osteocalcin, and C-reactive pro-
tein levels in rats. J Periodontol. 2005;76(11):1927–
33. PubMed PMID: 16274312.  

    14.    Buduneli E, Vardar S, Buduneli N, Berdeli AH, 
Türkoğlu O, Başkesen A, et al. Effects of combined 
systemic administration of low-dose doxycycline 
and alendronate on endotoxin-induced periodontitis 
in rats. J Periodontol. 2004;75(11):1516–23. 
PubMed PMID: 15633329.  

    15.    Cetinkaya BO, Keles GC, Ayas B, Gurgor P. Effects 
of risedronate on alveolar bone loss and angiogene-
sis: a stereologic study in rats. J Periodontol. 
2008;79(10):1950–61. PubMed PMID: 18834251.  

    16.    Chapurlat RD, Gensburger D, Jimenez-Andrade JM, 
Ghilardi JR, Kelly M, Mantyh P. Pathophysiology 
and medical treatment of pain in fi brous dysplasia of 
bone. Orphanet J Rare Dis. 2012;7 Suppl 1:S3. 
PubMed PMID: 22640953.  

    17.    Choi SC, Kwon Y, Kim KC, Kim G. The effects of 
topical application of bisphosphonates on replanted 
rat molars. Dent Traumatol. 2010;26(6):476–80. 
PubMed PMID: 21078072.  

    18.    Cundy T. Recent advances in osteogenesis  imperfecta. 
Calcif Tissue Int. 2012;90(6):439–49. PubMed 
PMID: 22451222.  

    19.    D’Eufemia P, Finocchiaro R, Villani C, Zambrano 
A, Lodato V, Palombaro M, et al. Serum brain-type 
creatine kinase increases in children with osteogen-
esis imperfecta during neridronate treatment. Pediatr 
Res. 2014;75(5):626–30.  

     20.    Duarte PM, de Assis DR, Casati MZ, Sallum AW, 
Sallum EA, Nociti FH. Alendronate may protect 
against increased periodontitis-related bone loss in 
estrogen-defi cient rats. J Periodontol. 2004;75(9):
1196–202. PubMed PMID: 15515333.  

    21.    El-Shinnawi UM, El-Tantawy SI. The effect of alen-
dronate sodium on alveolar bone loss in periodontitis 
(clinical trial). J Int Acad Periodontol. 2003;5(1):
5–10. PubMed PMID: 12666950.  

      22.    Fleisch H. Bisphosphonates. Pharmacology and use 
in the treatment of tumour-induced hypercalcaemic 

20 Future Perspectives of Bisphosphonates in Maxillofacial, Dental, and Medical Practice



212

and metastatic bone disease. Drugs. 1991;42(6):919–
44. PubMed PMID: 1724640.  

    23.    Fleisch H. Bisphosphonates: pharmacology. Semin 
Arthritis Rheum. 1994;23(4):261–2. PubMed 
PMID: 8009246.  

      24.    Fleisch H. Development of bisphosphonates. Breast 
Cancer Res. 2002;4(1):30–4. PubMed PMID: 11879557.  

     25.    Fleisch H. Bisphosphonates in osteoporosis. Eur 
Spine J. 2003;12 Suppl 2:S142–6. PubMed PMID: 
13680318.  

    26.    Fleisch H. Einführung in die Bisphosphonate. 
Geschichte und Wirkungsmechanismen. Orthopade. 
2007;36(2):103–4, 106–9. PubMed PMID: 17277961.  

    27.    Fukuda S. Chelating agents used for plutonium and 
uranium removal in radiation emergency medicine. 
Curr Med Chem. 2005;12(23):2765–70. PubMed 
PMID: 16305471.  

   28.    Fukuda S, Ikeda M, Nakamura M, Katoh A, Yan X, 
Xie Y, et al. The effects of bicarbonate and its com-
bination with chelating agents used for the removal 
of depleted uranium in rats. Hemoglobin. 2008;32(1–
2):191–8. PubMed PMID: 18274996.  

    29.    Fukuda S, Ikeda M, Nakamura M, Yan X, Xie 
Y. Effects of pH on du intake and removal by 
CBMIDA and EHBP. Health Phys. 2007;92(1):10–
4. PubMed PMID: 17164594.  

     30.    Furlaneto FAC, Nunes NLT, Oliveira Filho IL, Frota 
NPR, Yamamoto KO, Lisboa MRP, et al. Effects of 
locally-administered tiludronic acid on experimental 
periodontitis in rats. J Periodontol. 2014;85(9):
1291–301.  

    31.    Gerard DA, Carlson ER, Gotcher JE, Pickett 
DO. Early inhibitory effects of zoledronic acid in 
tooth extraction sockets in dogs are negated by 
recombinant human bone morphogenetic protein. 
J Oral Maxillofac Surg. 2014;72(1):61–6. PubMed 
PMID: 23891015.  

    32.    Göcmen A, Toppare MF, Kiper N, Büyükpamukcu 
N. Treatment of pulmonary alveolar microlithiasis 
with a diphosphonate–preliminary results of a case. 
Respiration. 1992;59(4):250–2. PubMed PMID: 
1485012.  

      33.    Goes P, Melo IM, Dutra CS, Lima APS, Lima V. Effect 
of alendronate on bone-specifi c alkaline phosphatase 
on periodontal bone loss in rats. Arch Oral Biol. 
2012;57(11):1537–44. PubMed PMID: 23062673.  

    34.    Goes P, Melo IM, Silva LMCM, Benevides NMB, 
Alencar NMN, Ribeiro RA, et al. Low-dose combina-
tion of alendronate and atorvastatin reduces ligature- 
induced alveolar bone loss in rats. J Periodontal Res. 
2014;49(1):45–54. PubMed PMID: 23742139.  

    35.    Graziani F, Rosini S, Cei S, La Ferla F, Gabriele 
M. The effects of systemic alendronate with or with-
out intraalveolar collagen sponges on postextractive 
bone resorption: a single masked randomized 
 clinical trial. J Craniofac Surg. 2008;19(4):1061–6. 
PubMed PMID: 18650733.  

    36.    Hatano H, Shigeishi H, Higashikawa K, Shimasue 
H, Nishi H, Oiwa H, et al. A case of SAPHO 

 syndrome with diffuse sclerosing osteomyelitis of 
the mandible treated successfully with prednisolone 
and bisphosphonate. J Oral Maxillofac Surg. 
2012;70(3):626–31. PubMed PMID: 21816533.  

    37.    Henge-Napoli MH, Ansoborlo E, Chazel V, Houpert P, 
Paquet F, Gourmelon P. Effi cacy of ethane-1- hydroxy- 
1,1-bisphosphonate (EHBP) for the decorporation of 
uranium after intramuscular contamination in rats. Int 
J Radiat Biol. 1999;75(11):1473–7. PubMed PMID: 
10597920.  

    38.    Hennedige AA, Jayasinghe J, Khajeh J, Macfarlane 
TV. Systematic review on the incidence of bisphospho-
nate related osteonecrosis of the jaw in children diag-
nosed with osteogenesis imperfecta. J Oral Maxillofac 
Res. 2013;4(4):e1. PubMed PMID: 24478911.  

    39.    Huang MS, Sage AP, Lu J, Demer LL, Tintut 
Y. Phosphate and pyrophosphate mediate PKA- 
induced vascular cell calcifi cation. Biochem Biophys 
Res Commun. 2008;374(3):553–8. PubMed PMID: 
18655772.  

    40.    Jee J, Lee W, Lee BD. The infl uence of alendronate 
on the healing of extraction sockets of ovariecto-
mized rats assessed by in vivo micro-computed 
tomography. Oral Surg Oral Med Oral Pathol Oral 
Radiol Endod. 2010;110(2):e47–53. PubMed PMID: 
20591699.  

    41.    Jeffcoat MK, Cizza G, Shih WJ, Genco R, Lombardi 
A. Effi cacy of bisphosphonates for the control of alve-
olar bone loss in periodontitis. J Int Acad Periodontol. 
2007;9(3):70–6. PubMed PMID: 17715838.  

     42.    Kim J, Park Y, Li Z, Shim J, Moon H, Jung H, et al. 
Effect of alendronate on healing of extraction sockets 
and healing around implants. Oral Dis. 2011;17(7):
705–11. PubMed PMID: 21771209.  

    43.    Kivelä-Rajamäki M, Maisi P, Srinivas R, 
Tervahartiala T, Teronen O, Husa V, et al. Levels and 
molecular forms of MMP-7 (matrilysin-1) and 
MMP-8 (collagenase-2) in diseased human peri- 
implant sulcular fl uid. J Periodontal Res. 
2003;38(6):583–90. PubMed PMID: 14632921.  

    44.    Kobayashi Y, Hiraga T, Ueda A, Wang L, 
Matsumoto-Nakano M, Hata K, et al. Zoledronic 
acid delays wound healing of the tooth extraction 
socket, inhibits oral epithelial cell migration, and 
promotes proliferation and adhesion to hydroxyapa-
tite of oral bacteria, without causing osteonecrosis of 
the jaw, in mice. J Bone Miner Metab. 
2010;28(2):165–75. PubMed PMID: 19882100.  

    45.    Koch G, Bergmann-Arnadottir I, Bjarnason S, 
Finnbogason S, Höskuldsson O, Karlsson R. Caries- 
preventive effect of fl uoride dentifrices with and 
without anticalculus agents: a 3-year controlled clin-
ical trial. Caries Res. 1990;24(1):72–9. PubMed 
PMID: 2403486.  

    46.    Kuroshima S, Mecano RB, Tanoue R, Koi K, 
Yamashita J. Distinctive tooth-extraction socket heal-
ing: bisphosphonate versus parathyroid hormone 
therapy. J Periodontol. 2014;85(1):24–33. PubMed 
PMID: 23688101.  

R. Smeets et al.



213

    47.    Lane N, Armitage GC, Loomer P, Hsieh S, Majumdar 
S, Wang H, et al. Bisphosphonate therapy improves 
the outcome of conventional periodontal treatment: 
results of a 12-month, randomized, placebo- 
controlled study. J Periodontol. 2005;76(7):1113–
22. PubMed PMID: 16018754.  

     48.    de Lange J, Rosenberg AJ, van den Akker HP, Koole 
R, Wirds JJ, van den Berg H. Treatment of central 
giant cell granuloma of the jaw with calcitonin. Int J 
Oral Maxillofac Surg. 1999;28(5):372–6. PubMed 
PMID: 10535540.  

    49.    Le Goff B, Berthelot J, Maugars Y, Romas 
E. Alternative use of bisphosphonate therapy for rheu-
matic disease. Curr Pharm Des. 2010;16(27):
3045–52. PubMed PMID: 20722620.  

    50.    Lomashvili KA, Garg P, Narisawa S, Millan JL, 
O’Neill WC. Upregulation of alkaline phosphatase 
and pyrophosphate hydrolysis: potential mechanism 
for uremic vascular calcifi cation. Kidney Int. 
2008;73(9):1024–30. PubMed PMID: 18288101.  

    51.    Mäkitie AA, Törnwall J, Mäkitie O. Bisphosphonate 
treatment in craniofacial fi brous dysplasia–a case 
report and review of the literature. Clin Rheumatol. 
2008;27(6):809–12. PubMed PMID: 18247080.  

    52.    Marshall H, Bromilow J, Thomas AL, Arden 
NK. Pamidronate: a novel treatment for the SAPHO 
syndrome? Rheumatology (Oxford). 2002;41(2):
231–3. PubMed PMID: 11886977.  

    53.    Martínez AB, Cabrini RL, Ubios AM. Orally admin-
istered ethane-1-hydroxy-1,1-biphosphonate reduces 
the lethal effect of oral uranium poisoning. Health 
Phys. 2000;78(6):668–71. PubMed PMID: 10832926.  

    54.    Martinez AB, Mandalunis PM, Bozal CB, Cabrini 
RL, Ubios AM. Renal function in mice poisoned 
with oral uranium and treated with ethane-1- 
hydroxy- 1,1-bisphosphonate (EHBP). Health Phys. 
2003;85(3):343–7. PubMed PMID: 12938724.  

     55.    Maruotti N, Corrado A, Neve A, Cantatore 
FP. Bisphosphonates: effects on osteoblast. Eur J 
Clin Pharmacol. 2012;68(7):1013–8. PubMed 
PMID: 22318756.  

    56.    Menezes AMA, Rocha FAC, Chaves HV, Carvalho 
CBM, Ribeiro RA, Brito GAC. Effect of sodium 
alendronate on alveolar bone resorption in experi-
mental periodontitis in rats. J Periodontol. 
2005;76(11):1901–9. PubMed PMID: 16274309.  

    57.    Meraw SJ, Reeve CM, Wollan PC. Use of alendronate 
in peri-implant defect regeneration. J Periodontol. 
1999;70(2):151–8. PubMed PMID: 10102552.  

    58.    Mitsuta T, Horiuchi H, Shinoda H. Effects of topical 
administration of clodronate on alveolar bone resorption 
in rats with experimental periodontitis. J Periodontol. 
2002;73(5):479–86. PubMed PMID: 12027248.  

    59.    Monte GU, Drager LF, Souza FS, Avila LF, Parga 
Filho JR, César LAM, et al. Magnetic resonance vs 
technetium-99m pyrophosphate scintigraphy in the 
detection of perioperative myocardial necrosis. Arq 
Bras Cardiol. 2008;91(2):113–8. PubMed PMID: 
18709263.  

    60.    Moon H, Yun Y, Han C, Kim MS, Kim SE, Bae MS, 
et al. Effect of heparin and alendronate coating on 
titanium surfaces on inhibition of osteoclast and 
enhancement of osteoblast function. Biochem 
Biophys Res Commun. 2011;413(2):194–200. 
PubMed PMID: 21888898.  

    61.    Mori GG, Janjacomo DM, Nunes DC, Castilho 
LR. Effect of zoledronic acid used in the root surface 
treatment of late replanted teeth: a study in rats. Braz 
Dent J. 2010;21(5):452–7. PubMed PMID: 21180803.  

     62.    Nakaya H, Osawa G, Iwasaki N, Cochran DL, Kamoi 
K, Oates TW. Effects of bisphosphonate on matrix 
metalloproteinase enzymes in human periodontal 
ligament cells. J Periodontol. 2000;71(7):1158–66. 
PubMed PMID: 10960024.  

    63.    O’Neill WC, Lomashvili KA, Malluche HH, 
Faugere M, Riser BL. Treatment with pyrophos-
phate inhibits uremic vascular calcifi cation. Kidney 
Int. 2011;79(5):512–7. PubMed PMID: 21124302.  

     64.    Otto S, Pautke C, Hafner S, Hesse R, Reichardt LF, 
Mast G, et al. Pathologic fractures in bisphosphonate- 
related osteonecrosis of the jaw-review of the litera-
ture and review of our own cases. Craniomaxillofac 
Trauma Reconstr. 2013;6(3):147–54. PubMed 
PMID: 24436752.  

    65.    O’uchi N, Nishikawa H, Yoshino T, Kanoh H, 
Motoie H, Nishimori E, et al. Inhibitory effects of 
YM175, a bisphosphonate, on the progression of 
experimental periodontitis in beagle dogs. J 
Periodontal Res. 1998;33(4):196–204. PubMed 
PMID: 9689615.  

    66.    Ozdemir SP, Kurtiş B, Tüter G, Bozkurt Ş, Gültekin 
SE, Sengüven B, et al. Effects of low-dose doxycy-
cline and bisphosphonate clodronate on alveolar 
bone loss and gingival levels of matrix metallopro-
teinase- 9 and interleukin-1β in rats with diabetes: a 
histomorphometric and immunohistochemical study. 
J Periodontol. 2012;83(9):1172–82. PubMed PMID: 
22220769.  

    67.    Pfarrer AM, White DJ, Featherstone JD. Anticaries 
profi le qualifi cation of an improved whitening denti-
frice. J Clin Dent. 2001;12(2):30–3. PubMed PMID: 
11476010.  

    68.    Pradeep AR, Kumari M, Rao NS, Naik SB. 1% alen-
dronate gel as local drug delivery in the treatment of 
Class II furcation defects: a randomized controlled 
clinical trial. J Periodontol. 2013;84(3):307–15. 
PubMed PMID: 22554293.  

    69.    Pradeep AR, Sharma A, Rao NS, Bajaj P, Naik SB, 
Kumari M. Local drug delivery of alendronate gel for 
the treatment of patients with chronic periodontitis 
with diabetes mellitus: a double-masked controlled 
clinical trial. J Periodontol. 2012;83(10):1322–8. 
PubMed PMID: 22264208.  

    70.    Price U, Le HT, Powell SE, Schmid MJ, Marx DB, 
Zhang Y, et al. Effects of local simvastatin- 
alendronate conjugate in preventing periodontitis 
bone loss. J Periodontal Res. 2013;48(5):541–8. 
PubMed PMID: 23278592.  

20 Future Perspectives of Bisphosphonates in Maxillofacial, Dental, and Medical Practice



214

     71.    Reddy GT, Kumar TMP, Veena. Formulation and 
evaluation of Alendronate Sodium gel for the treat-
ment of bone resorptive lesions in Periodontitis. 
Drug Deliv. 2005;12(4):217–22. PubMed PMID: 
16044536.  

    72.    Reddy MS, Weatherford TW, Smith CA, West BD, 
Jeffcoat MK, Jacks TM. Alendronate treatment of 
naturally-occurring periodontitis in beagle dogs. J 
Periodontol. 1995;66(3):211–7. PubMed PMID: 
7776166.  

    73.    Reid IR. Pharmacotherapy of Paget’s disease of 
bone. Expert Opin Pharmacother. 2012;13(5):
637–46. PubMed PMID: 22339140.  

    74.    Rocha M, Nava LE, La Vázquez de Torre C, Sánchez-
Márin F, Garay-Sevilla ME, Malacara JM. Clinical 
and radiological improvement of periodontal disease 
in patients with type 2 diabetes mellitus treated with 
alendronate: a randomized, placebo-controlled trial. J 
Periodontol. 2001;72(2):204–9. PubMed PMID: 
11288794.  

     75.    Said F, Ghoul-Mazgar S, Khemiss F, El Ayeb H, 
Saidane D, Berdal A, et al. The effect of etidronate 
on the periodontium of ovariectomized rats. J 
Periodontol. 2012;83(8):1063–8. PubMed PMID: 
22166164.  

    76.    Samdancioglu S, Calis S, Sumnu M, Atilla Hincal 
A. Formulation and in vitro evaluation of bisphos-
phonate loaded microspheres for implantation in 
osteolysis. Drug Dev Ind Pharm. 2006;32(4):473–
81. PubMed PMID: 16638686.  

    77.    Schneider VS, LeBlanc A, Huntoon CL. Prevention 
of space fl ight induced soft tissue calcifi cation and 
disuse osteoporosis. Acta Astronaut. 
1993;29(2):139–40. PubMed PMID: 11543594.  

    78.    Seton M. Paget disease of bone: diagnosis and drug 
therapy. Cleve Clin J Med. 2013;80(7):452–62. 
PubMed PMID: 23821690.  

    79.    Sharma A, Pradeep AR. Clinical effi cacy of 1% 
alendronate gel as a local drug delivery system in the 
treatment of chronic periodontitis: a randomized, 
controlled clinical trial. J Periodontol. 
2012;83(1):11–8. PubMed PMID: 21542734.  

    80.    Sharma A, Pradeep AR. Clinical effi cacy of 1% alen-
dronate gel in adjunct to mechanotherapy in the treat-
ment of aggressive periodontitis: a randomized 
controlled clinical trial. J Periodontol. 2012;83(1):
19–26. PubMed PMID: 21609254.  

    81.    Shibata T, Komatsu K, Shimada A, Shimoda S, Oida 
S, Kawasaki K, et al. Effects of alendronate on 
 restoration of biomechanical properties of periodon-
tium in replanted rat molars. J Periodontal Res. 
2004;39(6):405–14. PubMed PMID: 15491345.  

     82.    Shibutani T, Inuduka A, Horiki I, Luan Q, Iwayama 
Y. Bisphosphonate inhibits alveolar bone resorption 
in experimentally-induced peri-implantitis in dogs. 
Clin Oral Implants Res. 2001;12(2):109–14. 
PubMed PMID: 11251659.  

     83.    Shinoda H, Takeyama S, Suzuki K, Murakami S, 
Yamada S. Pharmacological topics of bone 

 metabolism: a novel bisphosphonate for the treatment 
of periodontitis. J Pharmacol Sci. 2008;106(4):555–8. 
PubMed PMID: 18431039.  

     84.    Shoji K, Horiuchi H, Shinoda H. Inhibitory effects 
of a bisphosphonate (risedronate) on experimental 
periodontitis in rats. J Periodontal Res. 1995;30(4):
277–84. PubMed PMID: 7562325.  

    85.    Shukla G, Tiwari AK, Sinha D, Srivastava R, 
Cahndra H, Mishra AK. Synthesis and assessment of 
99mTc chelate-conjugated alendronate for develop-
ment of specifi c radiopharmaceuticals. Cancer 
Biother Radiopharm. 2009;24(2):209–14. PubMed 
PMID: 19409043.  

    86.    Sikder MNH, Itoh M, Iwatsuki N, Shinoda 
H. Inhibitory effect of a novel bisphosphonate, 
TRK-530, on dental calculus formation in rats. J 
Periodontol. 2004;75(4):537–45. PubMed PMID: 
15152817.  

     87.    Silverman SL. Bisphosphonate use in conditions 
other than osteoporosis. Ann N Y Acad Sci. 
2011;1218:33–7. PubMed PMID: 20946575.  

    88.    Soubrier M, Dubost JJ, Ristori JM, Sauvezie B, 
Bussière JL. Pamidronate in the treatment of diffuse 
sclerosing osteomyelitis of the mandible. Oral Surg 
Oral Med Oral Pathol Oral Radiol Endod. 
2001;92(6):637–40. PubMed PMID: 11740481.  

    89.    Stadelmann VA, Bonnet N, Pioletti DP. Combined 
effects of zoledronate and mechanical stimulation on 
bone adaptation in an axially loaded mouse tibia. 
Clin Biomech (Bristol, Avon). 2011;26(1):101–5. 
PubMed PMID: 20869796.  

   90.    Stadelmann VA, Gauthier O, Terrier A, Bouler JM, 
Pioletti DP. Implants delivering bisphosphonate 
locally increase periprosthetic bone density in an 
osteoporotic sheep model. A pilot study. Eur Cell 
Mater. 2008;16:10–6. PubMed PMID: 18671203.  

    91.    Stadelmann VA, Terrier A, Gauthier O, Bouler J, 
Pioletti DP. Prediction of bone density around ortho-
pedic implants delivering bisphosphonate. J Biomech. 
2009;42(9):1206–11. PubMed PMID: 19380139.  

    92.    Takaishi Y, Ikeo T, Miki T, Nishizawa Y, Morii 
H. Suppression of alveolar bone resorption by eti-
dronate treatment for periodontal disease: 4- to 
5-year follow-up of four patients. J Int Med Res. 
2003;31(6):575–84. PubMed PMID: 14708423.  

    93.    Teronen O, Konttinen YT, Lindqvist C, Salo T, 
Ingman T, Lauhio A, et al. Human neutrophil colla-
genase MMP-8 in peri-implant sulcus fl uid and its 
inhibition by clodronate. J Dent Res. 
1997;76(9):1529–37. PubMed PMID: 9294486.  

    94.    Toksvig-Larsen S, Aspenberg P. Bisphosphonate- 
coated external fi xation pins appear similar to 
hydroxyapatite-coated pins in the tibial metaphysis 
and to uncoated pins in the shaft. Acta Orthop. 
2013;84(3):314–8. PubMed PMID: 23621808.  

    95.    Tsuchimochi M, Higashino N, Okano A, Kato 
J. Study of combined technetium 99m methylene 
diphosphonate and gallium 67 citrate scintigraphy in 
diffuse sclerosing osteomyelitis of the mandible: 

R. Smeets et al.



215

case reports. J Oral Maxillofac Surg. 1991;49(8):
887–97. PubMed PMID: 2072205.  

    96.    Ubios AM, Braun EM, Cabrini RL. Lethality due to 
uranium poisoning is prevented by ethane-1- 
hydroxy- 1,1-biphosphonate (EHBP). Health Phys. 
1994;66(5):540–4. PubMed PMID: 8175360.  

    97.    Ubios AM, Braun EM, Cabrini RL. Effect of biphos-
phonates on abnormal mandibular growth of rats intox-
icated with uranium. Health Phys. 1998;75(6):610–3. 
PubMed PMID: 9827507.  

    98.    van Dyck M, Proesmans W, van Hollebeke E, 
Marchal G, Moerman P. Idiopathic infantile arterial 
calcifi cation with cardiac, renal and central nervous 
system involvement. Eur J Pediatr. 1989;148(4):374–
7. PubMed PMID: 2707283.  

    99.    Veena HR, Prasad D. Evaluation of an aminobisphos-
phonate (alendronate) in the management of peri-
odontal osseous defects. J Indian Soc Periodontol. 
2010;14(1):40–5. PubMed PMID: 20922078.  

    100.    Volpe AR, Petrone ME, Davies RM. A review of cal-
culus clinical effi cacy studies. J Clin Dent. 
1993;4(3):71–81. PubMed PMID: 8003237.  

    101.    Wang K, Allen L, Fung E, Chan CC, Chan JCS, 
Griffi th JF. Bone scintigraphy in common tumors 
with osteolytic components. Clin Nucl Med. 
2005;30(10):655–71. PubMed PMID: 16166837.  

     102.    Weinreb M, Quartuccio H, Seedor JG, 
Aufdemorte TB, Brunsvold M, Chaves E, et al. 
Histomorphometrical analysis of the effects of the 
bisphosphonate alendronate on bone loss caused by 
experimental periodontitis in monkeys. J Periodontal 
Res. 1994;29(1):35–40. PubMed PMID: 8113951.  

    103.    White DJ, Cox ER. In vitro studies of the anticalculus 
effi cacy of an improved whitening dentifrice. J Clin 
Dent. 2001;12(2):38–41. PubMed PMID: 11476012.  

   104.    White DJ, Cox ER, Suszcynskymeister EM, Baig 
AA. In vitro studies of the anticalculus effi cacy of a 
sodium hexametaphosphate whitening dentifrice. J Clin 
Dent. 2002;13(1):33–7. PubMed PMID: 11507930.  

    105.    White DJ, Gerlach RW. Anticalculus effects of a 
novel, dual-phase polypyrophosphate dentifrice: 
chemical basis, mechanism, and clinical response. J 
Contemp Dent Pract. 2000;1(4):1–19. PubMed 
PMID: 12167947.  

    106.    Wright SA, Millar AM, Coward SM, Finch 
MB. Chronic diffuse sclerosing osteomyelitis treated 
with risedronate. J Rheumatol. 2005;32(7):1376–8. 
PubMed PMID: 15996085.  

     107.    Xiong H, Peng B, Wei L, Zhang X, Wang L. Effect 
of an estrogen-defi cient state and alendronate ther-
apy on bone loss resulting from experimental peri-
apical lesions in rats. J Endod. 2007;33(11):1304–8. 
PubMed PMID: 17963952.  

    108.    Xu K, Ge W, Liang G, Wang L, Yang Z, Wang Q, 
et al. Bisphosphonate-containing supramolecular 
hydrogels for topical decorporation of uranium- 
contaminated wounds in mice. Int J Radiat Biol. 
2008;84(5):353–62. PubMed PMID: 18464065.  

    109.    Yamamoto-Silva FP, Bradaschia-Correa V, Lima 
LAPA, Arana-Chavez VE. Ultrastructural and 
immunohistochemical study of early repair of alveo-
lar sockets after the extraction of molars from 
alendronate- treated rats. Microsc Res Tech. 
2013;76(6):633–40. PubMed PMID: 23564359.  

    110.    Yamazaki Y, Satoh C, Ishikawa M, Notani K, 
Nomura K, Kitagawa Y. Remarkable response of 
juvenile diffuse sclerosing osteomyelitis of mandi-
ble to pamidronate. Oral Surg Oral Med Oral Pathol 
Oral Radiol Endod. 2007;104(1):67–71. PubMed 
PMID: 17197211.  

    111.    Yoshinari M, Oda Y, Inoue T, Matsuzaka K, Shimono 
M. Bone response to calcium phosphate-coated and 
bisphosphonate-immobilized titanium implants. 
Biomaterials. 2002;23(14):2879–85. PubMed PMID: 
12069328.  

    112.    Zhao X, Yan S. Recent progress in osteogenesis 
imperfecta. Orthop Surg. 2011;3(2):127–30. PubMed 
PMID: 22009598.      

20 Future Perspectives of Bisphosphonates in Maxillofacial, Dental, and Medical Practice



217S. Otto (ed.), Medication-Related Osteonecrosis of the Jaws: Bisphosphonates, Denosumab, and New Agents,
DOI 10.1007/978-3-662-43733-9, © Springer-Verlag Berlin Heidelberg 2015

  A 
  Actinomyces , 124–125, 132  
   Animal model 

 beagle dogs 
 bone matrix necrosis , 156, 157  
 exposed bone, dental 

extraction , 158, 159  
 follow-up analyses , 157  
 IV zoledronic acid , 158  

 denosumab , 163  
 Gottingen mini pigs , 158–160  
 rodent models 

 bone exposure , 164  
 ligature model , 163  
 ONJ studies , 162  
 oral cavity , 161  

 in skeletal biology , 156  
   Antibiotic therapy 

 antiseptic mouth rinses , 127–128  
 beta-lactam antibiotics , 126  
  Eikenella corrodens  , 126  
 immunosuppressive therapy , 127  
 oral streptococci , 126  
 side effects of , 128  
 systemic antibiotic therapy , 126, 127  

   Antiresorptive agent-induced osteonecrosis 
of the jaw (ARONJ) , 28, 135  

   Anti-resorptive therapy 
 chemotherapy and radiotherapy , 151  
 CTX , 151  
 dental infection , 150  
 dental recommendations , 152  
 genome-wide association 

studies , 151  
 oral rehabilitation , 172  
 osteointegrated implant , 150  
 patient history , 151  
 root canal treatment , 150  

    B 
  Beta-lactam antibiotics , 126  
   Bevacizumab 

 antineoplastic effect , 195  
 implications , 195  

 mechanisms of action , 194  
 reported cases , 195, 196  
 VEGF , 195  

   Biofi lms , 122  
   Bisphosphonate-induced osteonecrosis 

of the jaw (BIOJ) , 28  
   Bisphosphonate-related osteonecrosis 

of the jaw (BRONJ) 
 avascular/ischemic necrosis , 27–28  
 BIOJ , 28  
 bone remodelling , 140  
 bone scintigraphy , 74  
 buccal fat pad fl ap , 95  
 buccal mucosal fl ap , 95  
 endothelial progenitor cell , 140  
 epidemiology 

 dentoalveolar surgery , 56  
 IV BPs , 57–59  
 mechanisms of action , 55  
 oral BPs , 56–57  
 pathogenesis , 55  

 histopathology 
 actinomyces , 132  
 antiresorptive agent , 134–135  
 characteristics , 131  
 endothelial function , 132  
 macroscopic features , 132  
 osteomyelitis , 133  
 osteoradionecrosis , 133–134  

 local infl ammations and pH 
 acidic milieus , 142  
 cell cultural data , 143  
 clinical data , 145  
 risk factor , 143  

 MR imaging , 69  
 mucosal fl ap , 94–95  
 multislice computed 

tomography , 66  
 mylohyoid fl ap , 95, 96  
 nasolabial fl ap , 96  
 osteocutaneous fi bular fl ap , 98–99  
 panoramic radiographs , 64  
 radial forearm fl ap , 97–98  
 RANKL-inhibitor and VEGF-inhibitor 

treatment , 145–146  

                      Index 



218

 Bisphosphonate-related osteonecrosis 
of the jaw (BRONJ) ( cont. ) 

 risk factors , 30  
 bisphosphonate administration , 29  
 dental risks , 32  
 genetic risks , 33  
 host factor , 33  
 incidence , 29  
 intravenous BP , 29, 31–32  
 oral BP , 31, 32  
 periodontal disease , 32  
 surrogate markers , 33–35  

 soft tissue toxicity , 140  
 treatment 

 AAOMS , 80  
 antibiotic effect , 85  
 bone reconstructions , 83  
 buccal mucoperiosteal fl aps , 83  
 conservative wound management , 82  
 diagnosis , 81  
 exposed bone , 81, 83  
 imaging modalities , 85  
 intraoperative presentation , 84  
 limitations , 85  
 multiple myeloma , 80  
 nasolabial fl ap , 83  
 postoperative radiograph , 84  
 RANKL-inhibitor , 86  
 sclerotic bone areas , 82  
 sharp bone ridges , 83  
 staging and treatment strategies , 81  
 stem cells and platelet-rich plasma , 85  
 surgical approaches , 81  
 surgical debridement , 85  
 therapy success rate , 82  
 VELscope system , 86  
 wound closure , 84  

   Bisphosphonates 
 administration and absorption , 4, 5  
 antiangiogenic effects , 12  
 binding affi nities and effects , 4  
 cessation effects , 12–13  
 chemical structure , 207–208  
 chemistry , 3–4  
 daily commodities , 207–208  
 dental applications 

 anticalculus/anticaries effect , 208  
 implant coatings , 208  
 periimplantitis , 210  
 periodontitis , 209–210  
 socket preservation , 209  

 deposition , 4, 6  
 elimination , 7  
 historical review , 2–3  
 immune system effects , 11–12  
 maxillofacial applications , 210  
 mevalonic acid synthesis , 8  
 molecular structure , 4, 6  
 in nonmalignant diseases  

 ( see  Nonmalignant diseases) 

 osteoblasts and osteocytes effects , 11  
 osteoclastic activity , 8, 11  
 pharmacodynamics , 4  
 RANK/RANKL/osteoprotegerin system , 13–14  
 side effects , 12  
 tumor cells , 12  
 uptake and desorption , 4, 6–7  
 uranyl nitrate intoxication , 210  

   Bone hydroxyapatite , 123  
   Bone marrow-derived mesenchymal stem cells 

(BMMSCs) , 113  
   Bone morphogenic proteins (BMPs) , 116  
   Bone scintigraphy , 74–75  
   Buccal fat pad fl ap , 95  
   Buccal mucosal fl ap , 95  

    C 
   Candida  spp. , 125  
   Chronic kidney disease , 18–19  
   Computed tomography (CT) 

 BRONJ diagnosis , 75  
 exposed bone , 66  
 multidetector CT , 67  

   Cone-beam computed tomography 
(CBCT) , 67–68  

   Craniofacial tissue engineering , 112–113  

    D 
  Denosumab 

 cost-effectiveness , 24  
 indications , 23, 194  
 mechanisms of action , 194  
 multiple myeloma , 23–24  
 in postmenopausal women , 23  
 randomized controlled trials , 194, 195  
 RANK/RANKL/OPG system , 14  
 side effect profi le , 23  

   Denosumab-related osteonecrosis 
of the jaws (DRONJ) , 35–36, 51  

   Dental implants 
 antiresorptive coatings , 186–187  
 bisphosphonates and treatment 

 anti-osteoporotic bisphosphonate 
therapy , 189  

 contraindication , 187  
 coverdenture prosthesis , 188  
 follow-up examinations , 188  
 implant failure and MRONJ 

induction , 180–183  
 osteolytic alteration , 189  
 parenteral antibiotic prophylaxis , 188  
 stable recession , 189  

 periimplantitis , 183, 184  
 rehabilitation , 179  

 bar retainers , 185, 186  
 dentures , 184, 186  
 infection and acidic milieu , 184  
 quality of life , 184  

Index



219

    E 
  Endothelial progenitor cells (EPCs) , 111  
   Everolimus , 197–198  

    G 
  Genome-wide association studies (GWAs) , 151  

    H 
  Hyperbaric oxygen therapy , 103–104  

    I 
  Implants.    See  Dental implants 

    L 
  Laser therapy 

 LLLT , 105  
 mini-invasive laser surgery , 106–107  

   Low-level laser therapy (LLLT) , 105  

    M 
  Magnetic resonance imaging (MRI) 

 breast cancer , 69–71  
 prostate cancer , 69, 72  
 symptomatic osteonecrosis , 69, 70  

   Maxillofacial defects , 176  
   Medication-related osteonecrosis of the jaw (MRONJ).  

  See also  Bisphosphonate-related 
osteonecrosis of the jaw (BRONJ) 

 AAOMS 2007 and 2014 , 48–49  
 animal model   ( see  Animal model) 
 antibiotic therapy   ( see  Antibiotic therapy) 
 anti-resorptive therapy   ( see  Anti-resorptive therapy) 
 buccal mucosal fl ap , 95  
 characteristics , 43  
 clinical features 

 bone exposure , 44, 45  
 clinical presentation , 45, 46  
 dental and oral complications , 47  
 halitosis , 46  
 loosening of teeth , 46  
 maxillofacial complications , 47  
 pathological fractures , 46  

 craniofacial tissue engineering , 112–113  
 defi nition , 43  
 experimental and clinical cell-based therapy 

 BMAC , 114  
 mesenchymal stem cell-based approach , 113  

 localisation , 49–50  
 microbial infections   ( see  Microbial infections) 
 mucosal fl ap , 94–95  
 oral rehabilitation   ( see  Oral rehabilitation) 
 osteocutaneous fi bular fl ap , 98–99  
 outside oral cavity , 50–51  
 RANKL inhibitor , 51  
 treatment growth factors , 116–117  

   Medication-related osteonecrosis of the jaws (MRONJ) 
   Mesenchymal stem cells (MSCs) , 112–113  
   Metastatic bone disease , 35, 51  
   Microbial infections 

 actinomyces , 124–125  
 biofi lms , 122  
 bone exposition , 122  
 bony hydroxyapatite , 123  
 oral infection , 124  

   Mini-invasive laser surgery , 106–107  
   Mucosal fl ap , 94–95  
   Multislice computed tomography (MSCT) , 64, 65  
   Mylohyoid fl ap , 95, 96  

    N 
  Nasolabial fl ap , 96  
   Nonmalignant diseases 

 breast cancer , 21–22  
 chronic kidney disease , 18–19  
 malignancies , 19–20  
 multiple myeloma patients , 20–21  
 postmenopausal osteoporosis , 18  
 prostate cancer , 22  
 renal transplantation , 18–19  

    O 
  Oral rehabilitation 

 ill-fi tting dentures , 171  
 maxillofacial defects , 176  
 noninvasive prosthetic therapy , 176  
 preventive care , 170  
 prosthetic techniques and recommendations 

 antiresorptive medications , 172  
 follow-up care , 175  
 gingival tissue damage , 174  
 oral hygiene , 175  
 preprosthetic surgery , 174  
 recall program , 174  
 risk factor , 172  
 soft lining technique , 174  

 quality of life , 169–170  
 root canal treatment , 170  
 sore spots , 171, 175  
 temporary prosthesis , 176–177  
 therapeutical interventions , 170  

   Oral streptococci , 126  
   Orthopaedic implant coatings , 208  
   Osteocutaneous fi bular fl ap , 98–99  
   Osteonecrosis of the jaw (ONJ) 

 ARONJ , 28, 135  
 Berne Convention , 204  
 BRONJ   ( see  Bisphosphonate-related osteonecrosis 

of the jaw (BRONJ)) 
 phosphorous necrosis 

 and clinical observation , 202–203  
 prevention and precaution , 203–204  
 yellow phosphorous , 202  

   Ozone therapy , 104  

Index



220

    P 
  Panoramic radiographs , 64, 65  
   Periimplantitis , 210  
   Periodontitis , 209–210  
   Phosphorous necrosis 

 and clinical observation , 202–203  
 prevention and precaution , 203–204  
 yellow phosphorous , 202  

   Platelet-rich plasma (PRP) , 116–117  
   Positron emission tomography (PET) , 66, 75  
   Postmenopausal osteoporosis , 18  
   Pyrophosphates , 207–208  

    R 
  Radial forearm fl ap , 97–98  
   Renal transplantation , 18–19  
   Root canal treatment , 170  

    S 
  Single-photon emission computed tomography 

(SPECT) , 74–75  

   Sunitinib 
 mechanisms of action , 194  
 reported cases , 197  
 side effects , 196  

    T 
  Tissue engineering , 112  

   U 
   Uranyl nitrate , 210  

    V 
  Vascular endothelial growth factors 

(VEGFs) , 146, 195  
   VELscope system , 86  

    Y 
  Yellow phosphorous , 202         

Index


	Foreword
	Contents
	1: Pharmacological Aspects of Antiresorptive Drugs: Bisphosphonates and Denosumab
	Introduction
	 Bisphosphonates
	Historical Review
	 Chemistry
	 Pharmacodynamics
	 Administration and Absorption
	 Distribution Half-Life
	 Affinity to Bone
	 Uptake and Desorption of Bisphosphonates
	 Elimination of Bisphosphonates
	 Actions of Bisphosphonates
	Direct Effects on Osteoclasts
	 Effects on Osteoblasts and Osteocytes
	 Effects on Immune System
	 Antiangiogenic Effects
	 Effects on Tumor Cells
	 Side Effects
	 Osteomyelitis/Osteonecrosis of the Jaw Bones

	 Effects of Cessation of Bisphosphonate Therapy

	 The RANK/RANKL/Osteoprotegerin System
	 Conclusions
	References

	2: Bisphosphonate and Denosumab Therapy: Fields of Application
	Introduction
	 Use of Bisphosphonates in Nonmalignant Diseases
	Bisphosphonates in Postmenopausal Osteoporosis
	 Bisphosphonates in Chronic Kidney Disease and After Renal Transplantation
	 Other Indications

	 Use of Bisphosphonates in Malignancies
	Bisphosphonates in Multiple Myeloma Patients
	 Bisphosphonates in Breast Cancer
	 Bisphosphonates in Prostate Cancer and Other Genitourinary Malignancies
	 Denosumab as an Alternative to Bisphosphonate Therapy

	 Conclusions
	References

	3: Risk Factors for Medication-Related Osteonecrosis of the Jaw
	Terminology of Osteonecrosis of the Jaw
	Avascular/Ischemic Necrosis of the Jaw
	 Bisphosphonate-Induced, -Related, or -Associated Jaw Necrosis

	 Risk Factors for BRONJ
	Introduction
	 Bisphosphonate Administration Itself: Type, Drug, Route, and Dose
	Intravenous Bisphosphonates
	 Oral Bisphosphonates

	 Systemic Risk Factors (Underlying Disease, Co-Morbidities, and Co-Medications)
	Intravenous Bisphosphonate Intake
	 Oral Bisphosphonate Intake

	 Local Risk Factors (Infections, Extractions, Pressure Sores, etc.)
	 Host Factor
	 Genetic Risk Factors
	 Surrogate Markers for BRONJ Risk

	 Risk Factors for Denosumab-�Related ONJ
	 Conclusions
	References

	4: Definition, Clinical Features and Staging of Medication-Related Osteonecrosis of the Jaw
	First Description
	 Definition
	 General Characteristics
	 Clinical Features
	 Staging According to the AAOMS 2007, 2009 and 2014 [11, 12]
	 Stage 0
	 Localisation
	 Medication-Related Osteonecrosis Occurring Outside the Oral Cavity
	 Osteonecrosis of the Jaw due to RANKL Inhibitor (Denosumab) Treatment
	 Conclusions
	Acknowledgements
	References

	5: Epidemiology of Medication-Related Osteonecrosis of the Jaw
	Introduction
	 BRONJ Among Osteoporotic Patients on Oral Bisphosphonates
	 BRONJ Among Oncologic Patients on Intravenous Bisphosphonates
	 Osteonecrosis of the Jaw and New Antiresorptive Drugs (Denosumab)
	 Conclusion
	References

	6: Imaging Modalities and Characteristics in  Medication-Related Osteonecrosis of the Jaw
	Introduction
	 Panoramic Radiographs
	 Radiologic Tomographic Techniques (CT, CBCT)
	 Magnetic Resonance Imaging (MRI)
	 Nuclear Medicine Imaging Techniques
	 Conclusions
	References

	7: Treatment of Medication-Related Osteonecrosis of the Jaw
	Conclusion
	References

	8: Local and Microvascular Free Flaps in Patients with Medication-Related Osteonecrosis of the Jaw
	Local Flaps
	Mucosal Flap
	 Buccal Mucosal Flap
	 Buccal Fat Pad Flap
	 Mylohyoid Flap
	 Nasolabial Flap

	 Microvascular Free Flaps
	Radial Forearm Flap
	 Osteocutaneous Fibular Flap

	 Conclusion
	References

	9: Adjuvant Treatment Options in the Management of Medication-Related Osteonecrosis of the Jaw
	Hyperbaric Oxygen Therapy
	 Ozone Therapy
	 Laser Therapy
	Low-Level Laser Therapy (LLLT)
	 Mini-invasive Laser Surgery

	 Conclusions
	References

	10: New and Innovative Treatment Strategies for Medication-Related Osteonecrosis of the Jaw
	Introduction
	 Cell-Based Therapy in Craniofacial Tissue Engineering
	 Experimental and Clinical Cell-Based Therapy in Medication-Related Osteonecrosis of the Jaw
	 Growth Factors in Treatment of Medication-Related Osteonecrosis of the Jaw
	 Conclusion
	References

	11: Microbiology and Antibiotics in the Context of Medication-Related Osteonecrosis of the Jaw
	Bacterial Infection and MRONJ
	 Regularly Observed Microbiological Findings
	 Actinomyces
	 Candida, Fungal Infection, and Principal Considerations
	 Antibiotic Therapy
	Antibiotics Recommended

	 Mouth Rinses as Local Therapy
	 Side Effects of Antibiotic Therapies
	 Conclusion
	References

	12: Histopathology of Medication-Related Osteonecrosis of the Jaw
	Introduction
	 Macroscopic Features
	 Histopathologic Features
	 Differential Histopathologic Diagnosis
	Osteomyelitis
	 Osteoradionecrosis
	 Medication-Related Osteonecrosis of the Jaws

	 Conclusions
	References

	13: Pathogenesis of Medication-Related Osteonecrosis of the Jaw
	Theories Regarding the Pathogenesis of BRONJ/MRONJ
	 Effects of Local Inflammations and pH on BRONJ/MRONJ Pathogenesis
	 Experimental Data Supporting the Role of Local Inflammations and pH Changes in the Pathogenesis of BRONJ
	 Clinical Data Supporting the Role of Local Inflammations and pH Changes in the Pathogenesis of BRONJ
	 Osteonecrosis Due To RANKL-Inhibitor and VEGF-Inhibitor Treatment
	References

	14: Risk Reduction of Medication-Related Osteonecrosis of the Jaw
	Introduction
	 Risk-Reduction Strategies in Patients with Cancer
	Before Commencement of Anti-resorptive Therapy
	 After Commencement of Anti-resorptive Therapy
	 Patients with Previous History of Exposure to Anti-resorptive Therapy
	 Other Risk-Reduction Strategies

	 Risk-Reduction Strategies in Patients with Osteoporosis
	 Conclusions
	References

	15: Animal Models of Medication-Related Osteonecrosis of the Jaw
	Animal Models in Skeletal Biology
	 Large Animal Models of Osteonecrosis of the Jaw
	 Rodent Models of Osteonecrosis of the Jaw
	 Future Directions
	References

	16: Dental Rehabilitation in Patients Receiving Antiresorptive Drugs
	How Does Oral Rehabilitation Affects Oral Health-Related Quality of Life?
	 How Does Oral Rehabilitation Affect MRONJ?
	 Prosthetic Techniques and Recommendations
	 How to Handle Sore Spots
	 MRONJ Caused by Sore Spots
	 Oral Rehabilitation After MRONJ Treatment
	 Temporary Prosthesis
	 Conclusion
	References

	17: Dental Implants in the Context Antiresorptive Drugs and Medication-Related Osteonecrosis of the Jaw
	Introduction
	 Implants, Bisphosphonates, and MRONJ
	 Implants as a Trigger for MRONJ
	 Bisphosphonates as a Risk Factor in Implantology
	 Implant-Associated Infections in Bisphosphonate Medication Versus Common Periimplantitis
	 Implants in Rehabilitation After MRONJ
	 Excursus: Antiresorptive Coatings of Dental Implants
	 Indicating Dental Implants in Patients with Bisphosphonate Therapy
	 Conclusion
	References

	18: Osteonecrosis of the Jaw in Association with Targeted Therapy
	Introduction
	 Denosumab
	 Bevacizumab
	 Sunitinib
	 Everolimus
	 Conclusion
	References

	19: History of Osteonecrosis of the Jaw
	Introduction
	 Phosphorous Necrosis and Match Making
	 Phosphorous Necrosis and Clinical Observation
	 History of Prevention and Precaution of Phosphorous Necrosis
	 The Berne Convention
	 After the Berne Ban
	 Phosphorous Necrosis and Bisphosphonate-Related Osteonecrosis of the Jaw
	References

	20: Future Perspectives of Bisphosphonates in Maxillofacial, Dental, and Medical Practice
	Introduction
	 Perspectives of Bisphosphonates in Dentistry
	Anticalculus and Anticaries Effects
	 Dental Implant Coating
	 Socket Preservation
	 Periodontitis
	 Bisphosphonates and Periimplantitis

	 Potential Applications in Other Diseases of the Maxillofacial Region
	 Additional Applications for Bisphosphonates
	 Conclusion
	References

	Index

