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Preface

After the previously successful clinical priority program (CPP) 
“Imaging and Planning in Surgery”, the AOCMF Research 
and Development Commission approved a subsequent CPP: 
“Antiosteoclastic drugs and their impact on maxillofacial 
surgery– diagnosis, prevention, surgery, and treatment mo-
dalities (ARONJ)” in 2014. Over the past 2 years, the com-
mission has issued three calls for grant applications in this 
clinically important focus field. This book “Antiresorptive 
Drug-related Osteonecrosis of the Jaw (ARONJ)—a Guide 
to Research” has evolved and received the present structure 
and topics as a result of discussion, review, and coordination 
between the book editors Kenneth Fleisher, Risto Kontio, 
and Sven Otto. The book was initiated to launch up-to-date 
scientific data about the nature of ARONJ, its pathogenesis, 
diagnosis, and treatment, but above all, tries to bring to light 
what is known about this complex disease. We hope that 
through this book we can share this knowledge with the 
reader.

Some of the authors have been involved with AOCMF  
education for years, while others have not previously par-
ticipated in AOCMF or AO Foundation activities but are 
recognized internationally as experts and researchers in this 
topic. We are most grateful to all the authors, who took time 
out from their busy lives to contribute and provide the lat-
est information on ARONJ as it relates to current and future 
research. They are responsible for the success of this book.
 
We offer our sincere thanks to AOCMF R&D Commission 
members, Dan Buchbinder, Ed Ellis, Sabine Girod, Riitta 
Seppanen, and Warren Schubert. The commission approved 
and participated with great enthusiasm in the project.

Our special thanks go to Ms Anita Anthon and Ms Mirjam 
Bucher, who tirelessly coordinated the project, organized 
the meetings, and enabled the planning in making this book. 
Our thanks also to AO Education Institute for their assistance 
with design and production.

Kenneth E Fleisher
Risto Kontio
Sven Otto

Preface  

The advances in medicine and surgery over the past several 
decades have reached a new phase: the science of bone and 
its manipulation has evolved concurrently. The nature of 
bone pathology has also changed. As the incidence of os-
teoradionecrosis over the past several years has decreased, 
the treatment of bone with antiosteoclastic drugs for pre-
vention of bone loss and control of metastasis has produced 
new dilemmas and serious unpredictable implications.  
Antiosteoclastic drugs have now been associated with an 
increasing epidemic of osteonecrosis of the jaw.

Osteonecrosis of the jaw (ONJ) is defined as exposed  
alveolar or palatal bone where oral mucosa is normally found 
and that has broken out in the absence of previous radio-
therapy to the jaw, is not a metastatic lesion, and has not 
healed within 8 weeks. The pathogenesis of ONJ is most 
likely multifactorial. Consideration of major risk factors  
associated with ONJ may provide insight into possible patho-
genic mechanisms. There is a strong association of ONJ with 
suppression of bone turnover and the magnitude and dura-
tion of antiosteoclastic drug exposure appears to signifi-
cantly affect the risk. Whether ONJ is associated with,  
induced by, or related to antiosteoclastic drugs is one of the 
several open issues.
 
Local factors in the mouth clearly play a role in determining 
risk. Traumatic events to oral mucosa, such as injury from 
poorly fitting dentures, results in exposure of bone and mi-
crobial flora increasing bone remodelling. 

Since the original description of bisphosphonate-related ONJ 
in 2003, awareness of the condition has increased and med-
ical management has evolved from an initially conservative, 
less interventional approach to a more aggressive surgical 
approach recently. Sensitive image technology with novel 
fluorescence techniques among others have continued to 
advance the diagnosis and management of ONJ. As the  
understanding of ONJ management and outcomes is pro-
gressing, further evaluation of the natural history of ONJ is 
warranted.
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1 Introductory questions

In this opening chapter, the following questions are raised 
and discussed:
•	 When was bone necrosis first reported and how is it 

defined?
•	 What definitions for antiresorptive drug-related 

osteonecrosis of the jaw (ARONJ) exist?
•	 Why are different terms used and why are there so 

many?
•	 How is ARONJ classified?

2 Definition

According to a review article by Nixon in 1983 [1], bony 
necrosis was first described by a Professor James Russell in 
1794, and the possibility of osteonecrosis due to an aseptic 
condition was first proposed in the early 20th century.  
Until recently, osteonecrosis had been considered synony-
mous with avascular necrosis or aseptic necrosis, which is 
frequently encountered in femoral head necrosis or radia-
tion-induced necrosis of the jaw. Therefore, osteonecrosis 
had usually been regarded as a necrosis of bone caused by 
obstruction of the blood supply.

The initial reports of osteonecrosis of the jaw (ONJ) after 
bisphosphonate (BP) administration designated this condi-
tion as “avascular necrosis of the jaw” [2] or “avascular bone 
necrosis” [3] due to the similarities of the clinical manifesta-
tion of ONJ caused by radiation therapy and exposure to 
BPs, including the presence of nonvital and exposed bone 
with loss of the overlying mucosa. Consequently, the defi-
nition of ONJ after radiation therapy (osteoradionecrosis) 
had been similarly applied to ONJ after BP administration. 
Osteoradionecrosis is defined as exposed irradiated bone 
that fails to recover within 3 months in the absence of a 
residual or recurrent tumor [4]. A period of 3 months was 
considered because simple radionecrosis can spontaneously 
heal within a short period of time. Several authors have 

suggested that the period of bone exposure required to meet 
the definition of osteoradionecrosis should be at least 2 
months [5,�6] or longer than 6 months [7]. 

The working definition of ONJ after BP treatment was first 
proposed by an Australian consensus guideline as “an area 
of exposed bone that persists for more than 6 weeks” [8.�9]. 
A 2007 position paper from the American Association of 
Oral and Maxillofacial Surgeons (AAOMS) defined bisphos-
phonate-related osteonecrosis of the jaw (BRONJ) [10]. The 
diagnosis of BRONJ is made if all three of the following 
characteristics are present: 1) Current or previous treatment 
with a BP; 2) Exposed necrotic bone in the maxillofacial 
region that had persisted for more than 8 weeks; 3) No his-
tory of radiation therapy to the jaws. There is no scientific 
explanation as to why the duration of bone exposure should 
be more than 8 weeks, however, it was assumed that an 
8-week healing period would be sufficient for most infec-
tious and inflammatory jaw lesions to heal normally even 
though postoperative infection or systemic disease was pres-
ent [11]. A Canadian consensus guideline emphasized the 
8-week period of clinical observation because exposed bone 
should be followed-up to confirm whether the soft tissues 
would heal spontaneously [12]. In its 2009 position paper, 
the AAOMS removed the term “necrotic” from the defini-
tion of BRONJ and established “stage 0” (early stage) for 
this disease. Aside from this change, the definition of BRONJ 
given by the 2009 AAOMS guideline was nearly the same 
as that given in 2007 [13]. 

The recent definition from the 2014 AAOMS position paper 
included significant modifications compared to the 2009 
position paper [14]. Under the 2014 definition, the following 
characteristics were defined: 1) Current or previous treat-
ment with antiresorptive or antiangiogenic agents; 2) Ex-
posed bone or bone that can be probed through an intraoral 
or extraoral fistula(e) in the maxillofacial region that has 
persisted for more than 8 weeks; 3) No history of radiation 
therapy to the jaws or obvious metastatic disease of the jaws. 
The previous description of ONJ as “exposed necrotic bone” 

1  Definition, nomenclature, and classification 
of antiresorptive drug-related osteonecrosis 
of the jaw (ARONJ) 
Tae-Geon�Kwon
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was changed to “exposed bone or bone that can be probed 
through an intraoral or extraoral fistula”. This is an impor-
tant change to the definition of ONJ. However, there are 
limitations in these definitions because ONJ is not a histo-
logically proven term and relies on only one clinical finding 
and two types of anamnestic information. A list of the 
changes to the definition of ONJ after BP administration is 
shown in Table 1-1.

3 Nomenclature

Osteoradionecrosis has also been frequently referred to as 
“osteomyelitis of irradiated bone”, “osteonecrosis”, “radio-
osteomyelitis”, or “septic osteoradionecrosis”. Like osteora-
dionecrosis, BRONJ has also been defined using a variety 
of terms, including “bisphosphonate-induced osteonecrosis 
of the jaw (BIONJ)” [15,�16] and “bisphosphonate-associated 
osteonecrosis of the jaw (BAONJ)” [12,�17,�18]. Some authors 
have emphasized the infectious cause of ONJ and used the 
term “bisphosphonate-associated osteomyelitis of the jaw 
(BAOMJ)” [19] or “bisphosphonate-related osteomyelitis of 
the jaw (BROMJ)” [20]. 

The term “associated” implies that a specific factor is assumed 
to be the cause of the disease whereas “related” implies that 
a specific factor was confirmed to be the cause of the disease 
[21]. The term “induced” implies a more direct cause-effect 
relationship; it is variously used based on the clinician’s 
perception of the degree of proof that the BP is the cause of 
the jaw necrosis. 

The terms for BRONJ, BAONJ, BIONJ, DIONJ, and MRONJ 
have recently been consolidated by the term antiresorptive 

drug-related osteonecrosis of the jaw (ARONJ) because of 
clinical reports of osteonecrosis of the jaw related to non 
BP antiresorptive medications such as denosumab or ca-
thepsin K inhibitors [22]. However, there is some argument 
regarding this terminology due to the fundamental differ-
ences in the pharmacodynamics and accumulative toxicity 
of BPs and denosumab. Therefore, those authors argued 
that these two disease entities cannot be categorized as a 
single ONJ [23]. Another article used the term “denosumab-
related osteonecrosis of the jaw, DRONJ” to differentiate 
the disease condition of BRONJ [24,�25]. To additionally in-
clude the antiangiogenic agents such as sunitinib or beva-
cizumab (vascular endothelial growth factor (VEGF) pathway 
inhibitor) to antiresorptive drugs, “drug-related osteone-
crosis of the jaw, DRONJ” had been suggested [26]. In 2014, 
the AAOMS position paper also changed the term from 
BRONJ to medication-related osteonecrosis of the jaw 
(MRONJ), reflecting the potential risk of osteonecrosis as-
sociated with antiresorptive (denosumab) and antiangio-
genic therapies [14]. In 2015, the International Task Force 
on Osteonecrosis of the Jaw also defined BP and denosum-
ab as antiresorptive agents [27]. In this chapter, and through-
out this publication, we use the term “antiresorptive drug-
related osteonecrosis of the jaw (ARONJ)” based on the 
confirmed relationship between antiresorptive drugs and 
ONJ. 

Only a limited number of cases of ONJ after administration 
of denosumab or antiangiogenic agents have been described, 
and the terminology of the disease may still be changed or 
modified if the pathophysiological mechanism is more clear-
ly understood in the future. 
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Year Definition Endorsed by

2006 Position paper [8]
Bisphosphonate and osteonecrosis of the jaw (ONJ)
Working definition of ONJ: an area of exposed bone that persists for more than 6 weeks

Australian and New Zealand Bone and Mineral Society, 
Osteoporosis Australia, Medical Oncology Group of Australia, 
and the Australian Dental Association

2007 2007 AAOMS position paper [10]
Bisphosphonate-related osteonecrosis of the jaw (BRONJ), if each of the following three characteristics 
are present:
1.  Current or previous treatment with a BP 
2.  Exposed, necrotic bone in the maxillofacial region that has persisted for more than 8 weeks
3.  No history of radiation therapy to the jaws

American Association of Oral and Maxillofacial Surgeons 

2007 Report of the Task Force of the ASBMR [18] 
Bisphosphonate-associated osteonecrosis of the jaw (ONJ )
1.  Confirmed case: defined as an area of exposed bone in the maxillofacial region that did not heal 

within 8 weeks after identification by a health care provider, in a patient that was receiving or had 
been exposed to a BP and had not had radiation therapy to the craniofacial region

2.  Suspected case: defined as an area of exposed bone in the maxillofacial region that had been 
identified by a health care provider and had been present for <8 weeks in a patient that was 
receiving or had been exposed to a BP and had not had radiation therapy to the craniofacial region

American Society for Bone and Mineral Research 

2008 Canadian Consensus Practice Guidelines [12]
Bisphosphonate-associated ONJ 
Clinically in the presence of exposed bone in the maxillofacial region for more than 8 weeks in the 
absence of radiotherapy to the jaw. (If the exposed bone has been present for less than 8 weeks, it 
should be followed to confirm that soft tissues close; such a case would be described as a suspected 
case of osteonecrosis)

Canadian Association of Oral and Maxillofacial Surgeons, 
Canadian Society of Endocrinology and Metabolism, 
Canadian Academy of Oral and Maxillofacial Pathology 
and Oral Medicine, American Association of Clinical 
Endocrinologists, International Bone and Mineral Society, 
International Society of Clinical Densitometry

2009 2009 AAOMS position paper [13]
BRONJ
1.  Current or previous treatment with a BP 
2.  Exposed bone in the maxillofacial region that has persisted for more than 8 weeks
3.  No history of radiation therapy to the jaws

American Association of Oral and Maxillofacial Surgeons 

2010 Position paper from the Allied Task Force Committee, Japan [28]
Bisphosphonate-related osteonecrosis of the jaw 
Adopts the definition and diagnostic criteria for BRONJ as stated by the 2009 AAOMS position paper

Japanese Society for Bone and Mineral Research, Japan 
Osteoporosis Society, Japanese Society of Periodontology, 
Japanese Society for Oral and Maxillofacial Radiology, 
Japanese Society of Oral and Maxillofacial Surgeons

2011 Executive summary of recommendations from the American Dental Association Council on 
Scientific Affairs [22]
Antiresorptive agent-induced ONJ (ARONJ) 
Adopted the definition and diagnostic criteria for BRONJ as stated by the 2009 AAOMS position paper but 
extended criteria to encompass cases associated with the use of any antiresorptive agents

American Dental Association Council on Scientific Affairs

2014 2014 AAOMS position paper [14]
Medication-related osteonecrosis of the jaw (MRONJ), if each of the following three characteristics are 
present:
1.  Current or previous treatment with antiresorptive or antiangiogenic agents
2.  Exposed bone or bone that can be probed through an intraoral or extraoral fistula(e) in the 

maxillofacial region that has persisted for more than 8 weeks
3.  No history of radiation therapy to the jaws or obvious metastatic disease of the jaws

American Association of Oral and Maxillofacial Surgeons

2015 Diagnosis and Management of Osteonecrosis of the Jaw: A Systematic Review and 
International Consensus [27]
Osteonecrosis of the jaw 
1. Exposed bone in the maxillofacial region that does not heal within 8 weeks after identification by a 
health care provider
2. Exposure to an antiresorptive agent
3. No history of radiation therapy to the craniofacial region

International Task Force on Osteonecrosis of the Jaw 

Table 1-1 Definitions of osteonecrosis of the jaw after administration of bisphosphonate and antiresorptive agents.
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4 Classification

In the 2007 AAOMS position paper, BRONJ was classified 
in detail according to the severity of the clinical findings 
[10]. In particular, patients with soft tissue dehiscence and 
bone exposure were regarded as having established BRONJ. 
Established BRONJ without infection was regarded as stage 
1. Stages 2 and 3 were categorized according to the sever-
ity of the infection and secondary complications such as 
pathologic fracture (Fig 1-1). Interestingly, a report from a 
task force of the American Society for Bone and Mineral 
Research (2007) did not provide a classification system  
according to the severity of BRONJ [18]. The Canadian con-
sensus guideline (2008) classified BRONJ into stages 1, 2, 
and 3, similar to the 2007 AAOMS paper [12]. However, 
there was no “at risk” category in their classification. They 
emphasized differential diagnosis based on spontaneous 
sequestration with ulceration of the lingual mandibular  

torus, which is self-limiting within 3 days to 12 weeks. In 
2009, the revised AAOMS position paper added a new cat-
egory, “stage 0”, to “include patients with nonspecific symp-
toms or clinical and radiographic abnormalities that might 
have been due to BP exposure”. The unknown potential 
risk that stage 0 could develop into a higher stage was con-
sidered. At the same time, the definition of stage 3 was also 
modified to include various degrees of bone destruction in 
the maxilla and mandible [13]. However, this classification 
system has been criticized in relation to whether direct ex-
posure of the bone is a prerequisite for the diagnosis of 
ARONJ. Stage 0, with minimal bone exposure with sinus 
tract, sometimes accompanies a large necrotic sequestrum 
and can develop into higher stages [26,�29,�30]. The most 
recent classification system from the AAOMS in 2014 add-
ed the phrase “or fistulae that probes to bone” with exposed 
and necrotic bone in stages 1, 2, and 3 [14]. Therefore, some 
of the lesions that were previously graded stage 0 in the 

Fig 1-1a–d Patients with 3 years of previous alendronate treatment showed exposed bone without evidence 
of infection or inflammation (stage 1), as with this patient (a). At 3 months after the initial diagnosis, patients 
developed a dull pain and infection in the exposed bone area (b), and bony sequestration began at the 
posterior maxilla (stage 2) (arrow) (c). Exposed bone was surrounded by inflammatory granulation tissues and 
was easily sequestered from the host bone (d).

a

c d

b
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of the potential risk of underestimation of ONJ [32]. How-
ever, the previously suggested staging system had not been 
confirmed to be correlated with the prognosis of the lesion. 
A higher grade does not definitively indicate the poor prog-
nosis of the lesion [33]. A more refined classification is nec-
essary to overcome the limitations in application to the 
clinical field.

2009 AAOMS position paper became classified as stage 2 or 
3 according to the 2014 AAOMS position paper when there 
is evident necrotic bone lesion or sequestra, even in the 
absence of wide bone exposure (Fig 1-2). Therefore, it is clear 
that the recent AAOMS position paper confirmed the exis-
tence of the nonexposed variant of ONJ (stage 0) (Table 1-2). 

The comparison of recently published reports from the 2014 
AAOMS position paper [14] and the 2015 International Task 
Force on Osteonecrosis of the Jaw [27] is listed in Table 1-3. 
The major difference between these two is that the latter 
did not include the nonexposed type of lesion as ONJ. Khan 
et al insisted that “exposed” bone should be included and 
did not regard necrotic bone with fistulous tract as ONJ [27]. 
A recent multicenter clinical study showed that up to a 
quarter of patients with ONJ associated with antiresorptive 
agents remained undiagnosed [31]. Therefore, the 2015  
international task force has been criticized concerning issues 

Fig 1-2a–d A case with ARONJ stage 3 according to the 2014 AAOMS classification: a fistula that probes to the bone in 
patients with infection extending beyond the region of the maxillary alveolar bone. A necrotic bone lesion was located 
under the nasal floor (a, b). Overlying palatal soft tissue was generally intact except the small fistula at mid palate 
(arrow) (c). The sequestra was composed of necrotic bone (d). This patient was administered ibandronate for 2.5 years 
to treat female osteoporosis.

a b

c d
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 2007 AAOMS [10] 2009 AAOMS [13] 2014 AAOMS [14]

At risk No apparent exposed/necrotic bone in patients that 
have been treated with either oral or IV BPs 

No apparent necrotic bone in patients that have been 
treated with either oral or IV BPs

No apparent necrotic bone in patients that have 
been treated with either oral or IV BPs 

Stage 0 - No clinical evidence of necrotic bone, but nonspecific 
clinical findings and symptoms

No clinical evidence of necrotic bone, but 
nonspecific clinical findings and symptoms

Stage 1 Exposed/necrotic bone in patients that are 
asymptomatic and have no evidence of infection.

Exposed and necrotic bone in asymptomatic patients 
without evidence of infection

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

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

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

Exposed and necrotic bone, or fistulae 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/necrotic bone in patients with pain, 
infection, and one or more of the following: 

Pathologic fracture, extraoral fistula, or osteolysis 
extending to the inferior border of the mandible

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, (ie, inferior border and ramus in the 
mandible, maxillary sinus, and zygoma in the maxilla) 
resulting in pathologic fracture, extraoral fistula, oral 
antral/oral nasal communication, or osteolysis extending 
to the inferior border of the mandible or sinus floor

Exposed and necrotic bone or fistulae 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,(ie, inferior border 
and ramus in the mandible, maxillary sinus, and 
zygoma in the maxilla) resulting in pathologic 
fracture, extraoral fistula, oral antral/oral nasal 
communication, or osteolysis extending to the 
inferior border of the mandible or sinus floor 

�2014 AAOMS position paper [14] 2015 International Task Force on Osteonecrosis of the Jaw [27]�

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

-

Stage 0 No clinical evidence of necrotic bone, but nonspecific clinical findings and symptoms -

Stage 1 Exposed and necrotic bone, or fistulae that probes to bone, in patients that are 
asymptomatic and have no evidence of infection 

Asymptomatic, exposed bone on the mandible or  maxilla, no evidence of 
significant adjacent or regional soft tissue inflammation or secondary infection 

Stage 2 Exposed and necrotic bone, or fistulae 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 

Painful,  exposed bone on mandible or maxilla, adjacent or regional soft tissue 
inflammation or secondary infection 

Stage 3 Exposed and necrotic bone or fistulae 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,(ie, inferior border and ramus in the mandible, 
maxillary sinus, and zygoma in the maxilla) resulting in pathologic fracture, 
extraoral fistula, oral antral/oral nasal communication, or osteolysis extending to 
the inferior border of the mandible or sinus floor 

Painful, exposed bone on mandible or maxilla, adjacent or regional soft tissue 
inflammation or secondary infection, extraoral fistula or oral antral fistula or 
radiographic evidence of osteolysis extending to the inferior border of the 
mandible or the floor of the maxillary sinus 

Table 1-2 Changes in staging proposed by the American Association of Oral and Maxillofacial Surgeons (AAOMS).

Table 1-3 Comparison of the recent 2014 AAOMS position paper and the report from the 2015 International Task Force on Osteonecrosis of 
the Jaw.
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5 Conclusion

Bone necrosis was first described by Professor James Russell 
from the University of Edinburg in 1794 to describe septic 
bone necrosis, but after the early 20th century, many  
scientists and clinicians recognized the existence of bone 
necrosis without septic condition. Until recently, osteone-
crosis or aseptic necrosis was regarded as having the same 
meaning as ischemic or avascular necrosis. The definitions 
for ARONJ initially developed from the definition of osteo-
radionecrosis, which involved bone exposure for at least 2 
months but as much as 6 months or more. From a 2006 
Australian position paper to a 2009 AAOMS position paper, 
the definition of ARONJ was focused on ONJ after BP ad-
ministration. From a 2011 American Dental Association 
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2  Clinical features of antiresorptive drug-related 
osteonecrosis of the jaw 
Morten�Schiodt,�Bente�Brokstad�Herlofson

1 Introductory questions

In this chapter, the following questions are raised and dis-
cussed:

•	 How do we take a medical history based on relevant 
factors?

•	 How do we diagnose and classify nonexposed osteone-
crosis?

•	 How do we avoid misdiagnosing common dental 
infections like apical periodontal processes as nonex-
posed antiresorptive drug-related osteonecrosis of the 
jaw (ARONJ)? 

•	 Is the development of ARONJ spontaneous or caused 
by a preceding trauma or dental procedure?

•	 What is the difference between ARONJ, osteomyelitis 
(OM), and osteoradionecrosis (ORN)?

2 Relevant anamnestic and clinical information

Well-prepared general and oral medical histories provide 
information pertinent to the diagnosis of ARONJ and aid in 
the identification of diseases, conditions, and comedications 
that increase the risk of this form of osteonecrosis of the 
jaw (ONJ). Because medication-related risk factors, local 
and anatomical factors, concomitant oral diseases, and de-
mographic, systemic, genetic, and other medication factors 
have all been shown to contribute to the development of 
ONJ, it is vital to obtain and include these factors in the 
evaluation of these patients (Figs 2-1, 2-2) [1]. Unfortunately, 
many of these factors have been inconsistently reported as 
being key elements in the development of ARONJ. More 
research is therefore needed to validate the possible impact 
these factors have on the pathophysiology of this condition. 
However, it is a big challenge to acquire the information 
needed since most patients do not have a full overview of 
their own health history. Even medical records at hospitals 
can lack important data related to a patient’s medical treat-
ment [2,�3]. Without the correct medical information, pro-
viders can under-assess a patient’s risk for the development 
of ARONJ. Much of this information comes from the patient’s 
medical history, which can be practically divided into gen-
eral medical history and oral medical history.
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2.1 General medical history
Due to the challenge of obtaining a reliable general medical 
history, it is important for the evaluation and management 
of ARONJ patients to contact their general physician and/
or other health personnel involved in their medical treat-
ment, for any missing and corroborating information. Pa-
tients that develop ARONJ are predominately in the 35 to 
95-year-old age group, with an average between 65 to 68 
years [4–6]. In accordance with this, as most patients at risk 
for developing ONJ are older, validation of medical history 
information may be necessary. A patient-unique medication 
card would ease the medical history registration. Standard-

ized health history forms (questionnaires) specifically de-
veloped for patients at risk may aid in gathering the medi-
cal history [3]. A clinical scale instrument that weighs the 
various risk factors to stratify risk for the development of 
ARONJ has been reported but needs further validation [7]. 
Potential issues in practical clinical work leading to under-
diagnosing or late diagnosing include the fact that not all 
patients know the names of their antiresorptive medications, 
nor the relevant chemotherapy. Additionally, several co-
morbid conditions and comedications have inconsistently 
been reported to be associated with ARONJ (Fig 2-1) [8–12]. 

General medical history
information

Antiresorptive drug therapy Comorbidities Comedication

Indication (cancer,osteoporosis)

Type (bisphosphonates, denosumab)

Dose (high, low)

Adminstration route 
(orally, intravenous, subcutaneous)

Frequency of administration 
(weeks, months, years)

Duration of drug therapy

Drug holiday

Total amount given

Cancer (type, location)

Osteoporosis (primary, secondary)

Autoimmune disease (diabetes, 
rheumatoid arthritis)

Cardiac disease (hypertension)

Anemia

Allergic diseases

Low body weight/obesity

Menopause

Smoking/alcohol abuse

Chemotherapy (type, dose)

Corticosteroid (dose, duration)

Antiangiogenic drugs

Other drugs affecting tissue healing

Other drugs that can affect bone cells 
(statins, proton pump inhibitors etc)

Fig 2-1 General medical information relevant in the health history evaluation of ARONJ patients or 
patients at risk for developing ARONJ.
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tant questions to address related to the oral events that 
occurred before ONJ was clinically established, such as what 
were the reasons for performing the dental procedure (ex-
traction, endodontic therapy, periodontal treatment)? Could 
this have been associated with an early ONJ stage? But just 
as some information has been inconsistently reported as 
relevant in general medical history taking, so too has im-
portant data been inconsistently reported as relevant in 
developing oral health history evaluations (Fig 2-2).

2.2 Oral medical history
In addition to a thorough general medical history, a com-
prehensive review of the patient’s oral and dental history 
is required. It has been shown that dentoalveolar surgery 
(such as tooth extraction), denture trauma, and periodon-
titis are related to the development of ONJ [1]. Oral events 
or oral diseases that could possibly be associated with the 
development of the ONJ condition should be addressed in 
the oral and dental history of the patient. There are impor-

Oral medical history information

Oral events and procedures Oral diseases and conditions
Issues related to antiresorptive 

(AR) therapy

Tooth extraction

Oral surgery

Endodontic therapy

Periodontal therapy

Denture induced decubitus

Other trauma (tooth or jaw fracture)

Periodontitis

Gingivitis

Oral mucosal disease

Bony exostoses (mandibular torus)

Poor oral hygiene

Pain, swelling, hypoesthesia

Reduced jaw bone quality
and quantity (osteoporosis)

Time from oral event to start of 
AR therapy

Time from start of AR therapy to ONJ

Type of AR therapy 
(bisphosphonate, denosumab)

AR administration form 
(peroral, intravenous, subcutanous)

High or low dose

Concentration of accumulated AR drug 
in local jaw bone

Concurrent antiangiogenic therapy

Fig 2-2 Oral medical information relevant in the oral health history evaluation of ARONJ patients or 
patients at risk for developing ARONJ.
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3 Exposed or nonexposed variants of ARONJ 

Antiresorptive drug-related osteonecrosis of the jaw is  
defined as the presence of exposed bone or bone that can 
be probed through an intraoral or extraoral fistula for more 
than 8 weeks in a patient on present or previous antiresorp-
tive treatment, and who has no history of radiation to the 
jaws or obvious metastatic disease to the jaws (Figs 2-3 to 

2-7) [1,�13–15]. This definition, initially introduced in 2006 
[16], adjusted in 2009 [17], and 2014 [1], has won general 
acceptance.

However, it soon became clear that in addition to those 
ARONJ patients with exposed bone, there exists a condition 

termed “nonexposed” ARONJ (NE-ARONJ) [5,�18]. This  
patient group is characterized by the absence of clinically 
exposed bone but still has osteonecrosis (Fig 2-5) [13–15]. It 
was shown that the subgroups of exposed and nonexposed 
ARONJ did not differ from each other with regards to any 
relevant biologic parameter [5]. There are two subgroups of 
NE-ONJ, the first having a fistula through which the bone 
can be probed. This group, not recognized in the early 2006 
and 2009 AAOMS consensus papers�[16,�17] was subsequent-
ly recognized and incorporated into the 2014 AAOMS def-
inition [1]. The official inclusion of this subgroup (with fis-
tula) (Fig 2-8) [13–15] into the definition of “exposed bone” 
was a definite improvement in the clinical practical assess-
ment and management of ARONJ patients.

Fig 2-3 Stage 3 osteonecrosis, showing multiple areas of exposed 
bone in the mandible of an 82-year-old woman with breast 
cancer and metastases to the skeleton. She had been treated with 
zolendroic acid (zometa) for 30 months. Notice the pus formation 
anteriorly. The patient had impaired sensibility of the right mental 
nerve [13–15].

(Image with kind permission from the Danish, Norwegian, and 
Swedish Dental Journals).

Fig 2-4 Osteonecrosis showing exposed bone corresponding to 
exostosis in the mandible (mandibular tori) in a 58-year-old woman 
with breast cancer and metastases treated with zolendroic acid 
(zometa) and ibandronate (bondronat) for 35 months [13–15].

(Image with kind permission from the Danish, Norwegian, and 
Swedish Dental Journals).
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Several papers have suggested criteria for the diagnosis of 
nonexposed ARONJ, but at present there is no general con-
sensus on any of these criteria, and they have not been 
validated in prospective scientific studies [5,�19]. So far, 
ARONJ is defined on medical history and clinical features 
[1]. The ultimate diagnosis of a nonexposed ARONJ may be 
the presence of necrotic bone on histology [5]. However, 
this is only feasible in retrospect when examining surgical 
specimens after resection. A bone biopsy for diagnosis before 
treatment is not considered practical as a routine procedure. 
However, the inclusion of imaging could be useful or even 
necessary in the diagnosis of those difficult cases of nonex-
posed ARONJ without fistulas [20–22].

However, recognizing the subgroup of “true” NE-ONJ with 
no fistula and no exposed bone is still a diagnostic challenge 
(Fig 2-9) [5]. The AAOMS paper from 2009 [17] introduced 
an additional classification group called stage 0, defined as 
a patient on antiresorptive treatment and having nonspe-
cific symptoms and/or changes or pathology and without 
clinical manifestations such as exposed bone. Research 
groups identified NE-ONJ and demonstrated that NE-ONJ 
may belong to the same disease entity as exposed ONJ [5,�

18]. Recently, Fedele et al in a multicenter study demon-
strated that up to one fourth of ONJ patients may actually 
have nonexposed ONJ [6]. It can then be argued that stage 
0 includes both patients with “true” nonexposed ARONJ as 
well as patients that do not have developed ARONJ but are 
“at risk” [5]. Table 2-1 outlines the various stages of ARONJ.

Fig 2-5a–b Osteonecrosis and submandibular abscess in a 72-year-old woman with multiple 
myeloma treated with pamidronate (aredia) for 114 months [13–15].
a Image showing the exposed bone of the left mandible.
b Intraoral view showing the submandibular abscess.

(Images with kind permission from the Danish, Norwegian, and Swedish Dental Journals).

a b
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Fig 2-6a–i The exposed bone of region 24–26 in a 62-year-old woman with osteoporosis, treated with alendronate for 84 months followed 
by denosumab (prolia) for 18 months, a total of 102 months on antiresorptive treatment. Tooth 25 had been removed 13 months earlier. 
Tooth 24 and 26 were mobile [13–15].
a Exposed bone. 
b Section of a panoramic x-ray showing unhealed alveolus at tooth 25, and osteolysis in region 24–27 with central sequester (arrows). 
c Cone beam tomography showing sequester (arrow). 
d Intraoperative picture. Notice the green color of the dead bone. 
e Granulation tissue is removed revealing a small opening to the maxillary sinus (arrow). The palatal mucosa is exposed over a large area. 
f Primary closure. The patient had antibiotic treatment for 10 days postoperatively. 
g Postoperative control x-ray. 
h Histologic picture of removed specimen showing necrosis with empty osteocyte lacunae and bacteria on the surface. 
i Healing one month postoperatively. The patient was cured of the osteonecrosis and had function with a partial denture.

(Images with kind permission from the Danish, Norwegian, and Swedish Dental Journals, except Fig 2-6h, which is courtesy of Prof Jesper 
Reibel, Institute of Odontology, Copenhagen University).

a b c

d e f
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Fig 2-7a–d Osteonecrosis in the right mandible of a 67-year-old woman with osteoporosis 
treated with alendronate for 60 months [13–15]. 
a  The patient had two dental implants inserted 2 years previously and had developed the 

present condition. 
b  Extraoral fistula with pus formation. Pain at level 7 on the visual analog scale (VAS) and 

decreased sensibility of right mentalis region. Osteonecrosis stage 3. 
c  Orthopan x-ray showing sequester formation in the right mandible. 
d  Cone beam tomography showing extensive osteonecrosis of the right mandible including 

fracture. The patient was treated with a continuity resection and reconstruction plate.

(Images with kind permission from the Danish, Norwegian, and Swedish Dental Journals).

a b

c d
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Fig 2-8a–d Nonexposed osteonecrosis (with fistula) of the maxilla of a 69-year-old man with 
prostate cancer and metastases treated with denosumab (xgevar) for 19 months. The patient 
had pain in the left upper jaw [13–15].
a  The clinical view shows an apparently normal edentulous upper jaw. There is no exposed 

bone. On palpation, a small droplet of pus can be expelled through a nearly invisible 
fistula where the bone can be probed.

b  Cone beam scanning shows sequestrum at region 24–25 (arrow). 
c  The infection also involved the left maxillary sinus (arrow). 
d  Perioperative view showing osteonecrosis outlined on the bone surface. The process 

involved the maxillary sinus, which was cleaned and the wound closed with a flap of 
buccal fat pad, with mucosal closure on top. Uneventful healing was accomplished.

(Images with kind permission from the Danish, Norwegian, and Swedish Dental Journals).
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c d
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Fig 2-9a–g Nonexposed osteonecrosis (without fistula) of the jaws in a 41-year-old woman 
with breast cancer since 2003 and bone metastases since 2006, treated with zoledronic acid 
for 83 months [5].
a  Note that there is no exposed bone or fistula. The maxillary left canine is rotated. The 

patient has pain. Classification: osteonecrosis stage 2, nonexposed osteonecrosis. 
b  Axial view showing a slight swelling of the alveolar process.
c  Panoramic x-ray showing osteolysis and sequester formation in the alveolar process of 

the maxillary left canine region. 
d  Cone beam computed tomography of the patient showing sequester of the entire 

alveolar process to the palate. 
e–f  Scintigraphy showing signal from upper left anterior maxilla. 
g  Photomicrograph of sequester removed from the patient. Note the empty osteocyte 

lacunae and bacteria in marrow spaces. 

(Images with kind permission from the Danish, Norwegian, and Swedish Dental Journals, 
except Fig 2-9g, which is courtesy of Prof Jesper Reibel, Institute of Odontology, Copenhagen 
University).

a b
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Patients at risk
No apparent necrotic bone in asymptomatic patients treated with intravenous or oral antiresorptive or antiangiogenic 
therapy.

Stage 0 (nonexposed bone variant)
Patients with no clinical evidence of necrotic bone but present with nonspecific symptoms or clinical and radiographic 
findings, such as the following:

Symptoms
•  Odontalgia not explained by an odontogenic cause 
•  Dull aching bone pain in the body of the mandible, 

which may radiate to the temporomandibular joint 
region 

•  Sinus pain, which may be associated with inflammation 
and thickening of the maxillary sinus wall

• Altered neurosensory function.

Clinical findings
•  Loosening of teeth not explained by chronic periodontal 

disease 
•  Periapical/periodontal fistula that is not associated with 

pulpal necrosis due to caries.

Radiographic findings 
•  Alveolar bone loss or resorption not attributable to chronic 

periodontal disease 
•  Changes to trabecular pattern—dense woven bone and 

persistence of nonremodeled bone in extraction sockets 
•  Regions of osteosclerosis involving the alveolar bone and/

or the surrounding basilar bone 
•  Thickening/obscuring of periodontal ligament (thickening 

of the lamina dura and decreased size of the periodontal 
ligament space).

These nonspecific findings, which characterize this nonexposed variant of ONJ, may occur in patients with a prior history 
of stage 1, 2, or 3 of the disease and who have healed and had no clinical evidence of exposed bone.

Stage 1
Exposed and necrotic bone, or fistulae that probe to bone, in patients that are asymptomatic and have no evidence of 
infection. These patients may also present with radiographic findings mentioned for stage 0 that are localized to the 
alveolar bone region.

Stage 2
Exposed and necrotic bone, or fistulae that probe to bone, with evidence of infection. These patients are typically 
symptomatic. These patients may also present with radiographic findings mentioned for stage 0 that are localized to the 
alveolar bone region.

Stage 3
Exposed and necrotic bone, or fistulae that probe to bone, with evidence of infection and one or more of the following:

•  Exposed necrotic bone extending beyond the region of alveolar bone, ie, inferior border and ramus in the mandible, 
maxillary sinus, and zygoma in the maxilla 

•  Pathologic fracture
•  Extraoral fistula
•  Oral antral/oral nasal communication 
•  Osteolysis extending to the inferior border of the mandible or sinus floor.

Table 2-1 Stages of ARONJ [1].
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Bone lesion

Bone cell toxicity

Reduced bone remodeling

Increased accumulation of microcracks

Increased bone stiffness due to 
increased mineralization, may cause 

brittle bone

Impaired healing of microcracks
and microdamage

Mucosal lesion

Soft tissue cell toxicity

Delayed soft tissue healing

Accumulate oral bacteria 
and induce infection

Thin overlaying mucosa, makes it 
vulnerable

Toxic to periodontal ligament 
fibroblasts

Traumatic injury due to mastication

ARONJ: initiates in bone,
or soft tissue, or in both?

Fig 2-10 Factors to consider when evaluating the initiation of the 
ARONJ process; in bone, or soft tissue, or in both tissues at the 
same time.

4  Is the development of ARONJ spontaneous 
or caused by a preceding trauma or dental 
procedure? 

Nearly all clinical series of ARONJ cases report that a trauma, 
most often tooth extraction, has preceded the onset of 
ARONJ. Additionally, denture trauma to the mucosa and 
oral surgery other than tooth extraction (eg, insertion of 
implants) can occur before the onset of ARONJ (Fig 2-7). 
The reported prevalence of trauma, notably tooth extraction, 
involves 50–70% of ARONJ patients [1,�23,�24]. In support 
of tooth extraction being an important cofactor or trigger 
factor for the onset of ARONJ is that mucosal healing after 
tooth extraction in patients on antiresorptive treatment is 
significantly slower than in patients not on antiresorptives 
[25]. Furthermore, experimental animal studies predictably 
produce ARONJ in animals on zoledronic acid after tooth 
extractions without soft tissue closure [26].

From the above figures, 30–50% of ARONJ cases are  
considered spontaneous; in most papers they account for 
around one-third. Many spontaneous ONJ lesions occur on 
the lingual aspect of the posterior mandible or on man-
dibular tori, which are covered by a thin oral mucosa and 
exhibit a different vascular system compared with other jaw 
areas (Fig 2-4). The anatomy of these areas facilitates vulner-
ability in the thin lingual oral mucosa. It might thus be 
speculated that a number of “spontaneous cases” are in fact 
also preceded by a traumatic event such as minor chewing 
trauma from hard food items exposed to the fragile mucosa, 
impressions trays, or intubation trauma in association with 
otherwise unrelated general anesthesia [23]. A number of 
papers have focused on the risk of ARONJ after planned 
(elective) tooth extractions. Most researchers recommend 
a tooth extraction combined with primary surgical mucosal 
closure of the alveolus on patients on high-dose antiresorp-
tive treatment [27]. The prevalence of ARONJ after primary 
mucosal closure seems very low, around 2–5% [28–29].

5  Does the ARONJ process initiate as a bone or 
mucosal lesion or are both tissues involved?

The ambiguous question is: which tissue is affected first, the 
bone or the soft tissue, or are both initially involved (Fig 2-10)? 
Bisphosphonates are known to exert direct toxic effects to 
soft tissue cells, such as oral epithelial cells, and this can 
cause mucosal injury and exposed jaw bone [7,�30]. The 
consensus definition of medication-related ONJ has so far 
suggested that exposed bone is one of the key elements 
needed to achieve an ONJ diagnosis [1]. This definition has 
recently been challenged [5,�18]. Nonexposed variants of 
ONJ have been reported, which may indicate that the ONJ 
condition in some cases can start in bone tissue and that the 
soft tissue is affected afterwards (Fig 2-9). Soft tissue healing 
is shown to be delayed after surgical procedures such as 
tooth extraction in patients receiving bisphosphonates, how-
ever, this may not always result in jawbone exposure and 
ONJ [25,�31].
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6  Comparison between osteoradionecrosis, 
osteomyelitis, and ARONJ. 

Exposed and/or necrotic jaw bone has been associated with 
several conditions, including zoster infection of the man-
dible and maxilla, yet some cases have occurred without a 
trigger course [32]. In one particular study, 60 extreme 
cases of osteonecrosis and osteomyelitis were reported from 
West Africa [33]. However, the three most common types 
of osteonecrosis of the jaw are osteoradionecrosis (ORN) 
related to irradiation, suppurative osteomyelitis (OM) re-
lated to infection, and osteonecrosis related to medication 
such as antiresorptive and antiangiogenic drugs (ARONJ). 
Conditions and diseases, treatments, and medications can 
alter the vascularity of bone and soft tissue, increasing the 
risk for ONJ development as seen with radiotherapy and 
the use of antiresorptive and antiangiogenic drugs in cancer 
and osteoporosis therapy. Clinically, the three entities of 
ORN, OM, and ARONJ can present with similar clinical fea-
tures such as exposed bone, infection, fistulation, abscess 
formation, sequestration, and pathologic fracture [34–36]. 
Despite any clinical similarity, histopathological differences 
have been reported [34,�37] (Table 2-2). 

6.1 Osteoradionecrosis
Osteoradionecrosis is related to radiation and defined as 
exposed bone that fails to heal over a period of 3 months 
or longer, worsens slowly, and does not heal spontane-
ously [38]. A variant of ORN, a nonexposed type without 
any breach of the oral mucosa or cervicofacial skin, has also 
been identified [38].

6.2 Osteomyelitis
Osteomyelitis is known as an inflammatory condition of the 
bone that begins as an infection of the medullary bone cav-
ity, involving the Haversian systems, and extends to the 
periosteum of the affected area. Osteomyelitis is classified 
as either acute or chronic based on time. Chronic OM may 
show a suppuration course with abscess formation, and ex-
posed bone can occur [39–41]. 

6.3  Antiresorptive drug-related osteonecrosis
 of the jaw
Antiresorptive drug-related osteonecrosis of the jaw is  
defined as the presence of exposed bone or bone that can 
be probed through an intraoral or extraoral fistula for more 
than 8 weeks in a patient on present or previous antiresorp-
tive treatment or angiogenic inhibitors and who has no his-
tory of radiation to the jaws or obvious metastatic disease 
to the jaw [1]. Table 2-2 provides a comparison of the various 
clinical features of ORN, OM, and ARONJ.

ORN
related to radiation

OM
related to infection

ARONJ
related to medication

Tissue becomes 
hypovascular, 
hypocellular, hypoxic

Bone becomes infected 
via local infected tissue or 
via the bloodstream

Bisphosphonates 
accumulate in jaw bone

Bone marrow replaced 
with fibrotic tissue

Increased number of 
inflammatory cells

Toxic effect to bone and soft 
tissue cells

Limited inflammatory cell 
infiltration

Bone marrow 
inflammation and vessel 
thrombosis

Suppression of local bone 
blood supply

Nonviable periosteum, 
no evidence of reactive 
bone formation

May show periosteal 
bone formation

May show viable 
periosteum and reactive 
bone formation

Almost entirely in the 
mandible

Most often in the 
mandible

2/3 of cases in the mandible

Table 2-2 Features of osteoradionecrosis (ORN), osteomyelitis 
(OM), and antiresorptive drug-related osteonecrosis of the jaw 
(ARONJ) with similar clinical manifestations.
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7 Conclusion

Well documented patient medical histories that include both 
general medical and oral and dental history are important 
to ensure medical caregivers can better assess a patient’s 
risk for developing ARONJ. However, practitioners should 
be aware that both general and oral medical information 
has been inconsistently reported to be relevant in the eval-
uation of patients at risk for ARONJ. What has been shown 
is that ARONJ cases often undergo tooth extraction or ex-
perience an infection preceding the onset of ARONJ. A com-
parison of features related to ORN, OM, and ARONJ that 
have similar clinical manifestations has been provided.
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3  Imaging modalities for antiresorptive drug-related 
osteonecrosis of the jaw 
Kenneth�E�Fleisher,�King�Chong�Chan,�Niloufar�Amintavakoli

1 Introductory questions

In this chapter, the following questions are raised and dis-
cussed:
•	 Which imaging modalities are used for the diagnosis of 

antiresorptive drug-related osteonecrosis of the jaw 
(ARONJ)?

•	 What are the advantages and disadvantages of each 
imaging modality?

•	 What are the radiographic findings for ARONJ?
•	 What is meant by metabolic changes for ARONJ 

lesions?

2 Conventional imaging

Although the radiographic changes for ARONJ are nonspe-
cific, they provide valuable information on the course,  
magnitude, and progression of ARONJ [1,�2]. While panorex 
radiography is considered the standard imaging for oral and 
maxillofacial surgery, it tends to underestimate the extent 
of ARONJ lesions compared with computed tomography 
(CT) imaging [3,�4]. The advantages of cone beam computed 
tomography (CBCT) compared with multiple detector com-
puted tomography (MDCT) include higher spatial resolution, 
better image quality, lower radiation dose, and lower cost 
[5]. Together, a number of common findings present them-
selves when using radiography, CBCT, and MDCT [1,�3,�4,�

6–9] (Figs 3-1 to 3-3), which include the following: 
•	  Osteolysis
•	  Osteosclerosis 
•	  Bone sequestra (bone-within-bone appearance) 
•	  Cortical disruption
•	  Periosteal reaction 
•	  Delayed or absent bone remodeling at extraction sites 
•	  Thickened lamina dura 
•	  Pathologic fracture. 

3 Magnetic resonance imaging

While magnetic resonance imaging (MRI) is free of ionizing 
radiation, allows for the evaluation of bone marrow changes, 
and can identify osteomyelitis in the acute stages before 
bony changes are visualized by plain radiography [1], its 
limitations include an inability to visualize the destruction 
of cortical bone [10,�11], an inability to distinguish edema 
from infection [12], and the inability to identify ARONJ  
lesions [13]. Magnetic resonance imaging findings are pro-
vided through the following [1,�2,�7,�14]: 
•	  T1-weighted imaging: low signal intensity
•	  T2-weighted imaging: increased signal intensity in 

early disease; variable signal intensity in later disease. 
Signals can be intermediate or slightly increased in 
early disease when features of acute inflammation 
(edema, hypervascularity) dominate. Signals may be 
low in late disease when features of chronic inflamma-
tion (fibrosis, hypovascularity) dominate

•	  Low intensity in the sequestrum in both T1- and 
T2-weighted images. Low T1- and T2-weighted signal 
in exposed bone; low T1 signal in unexposed affected 
bone [2]

•	  Gadolinium-enhanced imaging: rim enhancement in 
areas adjacent to necrotic bone [1,�2].
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Fig 3-1a–b A clinical image showing ARONJ with fistula of 
the right mandible (a) and the CBCT indicating sequestrum of 
the right mandible and osteosclerosis (b).

Fig 3-2a–e A CBCT of a patient’s maxilla with axial, coronal, 
and panoramic views demonstrating sequestration of the right 
alveolus sinus floor and fluid in the maxillary sinus.

Fig 3-3 An axial CBCT view of a mandible illustrating 
subperiosteal bone reaction on the lateral cortex and diffuse 
osteosclerosis of the right mandible (arrows).

a b

a

c d e

b
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4 Nuclear imaging

Conventional imaging with periapical or panoramic radio-
graphs, CT, and/or MRI exhibit little or no change in bony 
architecture in the early stages of ARONJ, only visualize 
lesions after structural changes have taken place, often  
underestimate the amount of necrotic bone, and may not 
represent metabolic changes due to increased cellular met-
abolic activity during inflammation [15–21]. Additional 
nuclear imaging may therefore be beneficial.

4.1 Nuclear bone scintigraphy
Nuclear bone scintigraphy with technetium and single  
photon emission computed tomography (SPECT) is anoth-
er imaging modality that can identify early, subclinical, and 
stage 0 ARONJ lesions [10,�18]. Tracer uptake is dependent 
on increased blood flow (ie, inflammation) and new bone 
formation (ie, increased osteoblastic activity and mineral 
turnover) [22]. Nuclear imaging quality can be enhanced 
using fused SPECT [23] and facilitates the differentiation 
between increased uptake of reactive bone and decreased 
uptake of bone sequestra [14]. 

4.2  Fluorodeoxyglucose positron emission 
tomography

Fluorodeoxyglucose positron emission tomography with 
computed tomography (FDG PET-CT) has become the stan-
dard imaging procedure in the management of metastatic 
breast cancer, and is used to detect distant metastasis and 
recurrence, to screen for extra-axillary drainage sites, and 
to assess the response to neoadjuvant chemotherapy [24]. 
The use of FDG PET-CT is widely accepted as a sensitive 
imaging technique in the diagnosis, staging, and manage-
ment of multiple myeloma [25,�26]. Fluorodeoxyglucose used 
for PET scans accumulates not only in malignant tissues but 
at sites of increased metabolic activity due to infection and 
inflammation [27,�28]. Combining FDG PET and CT scans 
merges anatomical and metabolic findings [29]. The presence 
of inflammatory dental disease appears to be a risk factor 
for developing ARONJ in more than 50% of cases, suggest-
ing that tooth extraction might be incidental rather than 
the precipitant [30-32]. Studies are needed to compare nu-
clear imaging techniques (Fig 3-4). 

Fig 3-4a–c Clinical image showing ARONJ of the left mandible with exposed bone on the lingual side of tooth #18 (a).
Nuclear imaging using FDG PET-CT with localized FDG uptake (b). A technetium bone scan indicating diffuse osteoblast 
changes in the left mandible (c).

a b c
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A retrospective study by Fleisher et al of 25 clinically iden-
tified medication-related ONJ lesions were analyzed using 
radiography and FDG PET-CT [33]. Differences were found 
in how radiography and FDG PET-CT detect local and diffuse 
changes associated with ARONJ. Radiography showed local 
changes in 17 patients (68%), diffuse changes in three  
patients (12%), and no changes in five patients (20%). How-
ever, FDG PET-CT imaging showed local changes in 25  
patients (100%) and diffuse changes in eight patients (32%). 
The results of this study illustrates that FDG PET-CT detects 
local and diffuse metabolic changes that may not be repre-
sented by plain radiography for patients with ARONJ  
related to antiresorptive therapy. 

This information may facilitate surgical management deci-
sions and improve outcomes [34]. Use of 18F-sodium fluoride 

positron emission tomography with computed tomography 
(NaF PET-CT) can also detect subtle foci of increased bone 
remodeling not visible on anatomical imaging [1,�13,�19]. 

Stage 0 ARONJ is characterized by an absence of clinically 
exposed bone in patients presenting with nonspecific symp-
toms or clinical and radiographic findings. Panorex, CBCT, 
and CT imaging may be significant for sequestra, osteoscle-
rosis, osteolysis, cortical bone disruption, prominence of the 
inferior alveolar nerve canal, unremodeled bone at an ex-
traction site, and widening of periodontal ligament space [9,�

35,�36] (Fig 3-5). Bone scintigraphy can help to identify sub-
clinical ARONJ that subsequently progresses to frank bone 
exposure [18]. Up to 50% of patients with clinically diagnosed 
stage 0 could progress to frank bone exposure [37].

a b

Fig 3-5a–b Stage 0 ARONJ of the left mandible. The CBCT shows diffuse osteosclerosis and osteolysis of 
the mandible (a). A coronal section through the mandibular left first molar shows osteolytic changes and 
subperiosteal bone formation along the lateral and medial cortices (arrow) (b).
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5 Conclusion

Radiographic imaging is commonly used for the screening 
of patients at risk or diagnosed with ARONJ. Use of CT or 
CBCT imaging modalities is preferred for surgical treatment 
planning to identify subclinical structural bone changes and 
extension of ARONJ lesions. Nuclear imaging with FDG 
PET-CT can further contribute towards understanding sub-
clinical bone changes to improve surgical outcomes. Further 
research is needed to determine if FDG PET-CT imaging can 
detect risk and the early stages of ARONJ.
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4  Treatment and outcomes measures for 
antiresorptive drug-related osteonecrosis of the jaw 
Oliver�Ristow,�Alberto�Bedogni,�Stefano�Fedele

1 Introductory questions

In this chapter, four questions are raised and discussed:
•	 What are the real aims of treatment for antiresorptive 

drug-related osteonecrosis of the jaw (ARONJ)?
•	 What are relevant outcomes measures for the treat-

ment of ARONJ?
•	 What is the impact of definition and staging for 

ARONJ?
•	 What therapeutic strategies exist for ARONJ?

2 Outcomes measures

Antiresorptive agents, including bisphosphonates and  
denosumab, have beneficial effects for the overwhelming 
majority of patients with osteoporosis, metastatic bone dis-
ease, and multiple myeloma, with significant reduction in 
skeletal-related events and an overall improvement in qual-
ity of life [1–7]. However, it has also been well established 
that a small subgroup of patients exposed to antiresorptive 
therapy can develop ARONJ, a potentially severe adverse 
side effect associated with pain, infection, dysfunction, and 
an overall impaired quality of life. Although a significant 
body of literature has been produced over the last decade, 
there remains little evidence-based guidance for clinicians 
with respect to most aspects of this disease. One particu-
larly unclear aspect, and certainly one of the most contro-
versial, is the therapy for ARONJ: there remains no robust 
evidence supporting any particular intervention in its man-
agement due to the lack of well designed randomized con-
trolled trials. In particular, it is not known whether affected 
individuals should be offered symptomatic noncurative 
therapy such as infection and pain management with pos-
sibly minimally invasive debridement of superficial necrot-
ic bone, or if potentially curative resective bone surgery 
should be attempted.

The topic is complex, as there is a portion of ARONJ patients 
that have minimal symptoms and relatively mild disease 

and may therefore benefit from minimally invasive manage-
ment. In contrast, there are others with a painful, progress-
ing disease that does not respond to symptomatic manage-
ment and who therefore require more aggressive 
intervention. It is widely accepted that nonsurgical therapy 
aims to minimize symptoms and resolve infections rather 
than remove necrotic bone [8,�9], and one may argue that 
this should simply be considered an improvement of the 
patient’s status and quality of life but cannot be labeled as 
successful curative management of necrotic bone disease. 
Indeed determinants of quality of life are not limited to 
absence of pain and infection, and therefore the lack of 
mucosal integrity, tooth loss, halitosis, and loss of sensation 
can still affect quality of life irrespective of the presence of 
pain and infection.

Furthermore, the underlying medical status of ARONJ- 
affected individuals should always be taken into account as 
many patients have incurable malignant disease, a short life 
expectancy, and poor performance status, which would au-
tomatically rule out the option of an aggressive surgical 
intervention. Yet, since the introduction of new potent an-
ticancer therapies in the last decade (eg, antivascular endo-
thelial growth factor (anti-VEGF), tyrosine kinase inhibitors, 
and more recently, mammalian target of rapamycin (m-TOR) 
inhibitors), overall survival curves have improved in many 
cancer types to an extent that the surgical therapy of ONJ 
should be no longer excluded “a priori” in metastatic cancer 
patients.

In addition to the lack of well-designed clinical studies on 
interventions, another major unclear aspect relates to the 
outcomes measures of ARONJ therapy. Many studies, for 
example, use long-term mucosal integrity (“mucosal heal-
ing”) and no recurrence of bone exposure as the main out-
come measure [10–16], although this has not been adequate-
ly validated, is controversial, and lacks in consistency and 
reproducibility. Furthermore, posttherapy follow-up periods 
in available studies vary from weeks to months, and there-
fore the endpoint for the collection of outcome measures 
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also varies widely. Another unclear aspect of treatment 
outcomes is relevant to the concept of disease recurrence 
versus development of new sites of osteonecrosis, which in 
turn is related to the absence of clear radiological criteria to 
define the extent of the disease and necrotic bone.

Finally, very little is known regarding the potential use of 
patient-related outcome measures for ARONJ and of qual-
ity of life instruments used in assessing responses to thera-
py. This is of great importance especially in the context of 
cancer therapy aiming at ensuring a good quality of life in 
people living with incurable cancer, as management of 
ARONJ may similarly aim at minimizing patients’ symptoms 
and infection and therefore improving quality of life rather 
than “curing” the osteonecrosis [8,�9,�17].

The topic is highly controversial and there remains no  
consensus and no clear guidance for clinicians. However, 
more recent studies have started to unravel some of the 
uncertainties related to ARONJ therapy. For example, when 
mucosal healing is adopted as a main outcomes measure, a 
current multivariate analysis showed lower recurrence rates 
for surgically treated ARONJ patients when compared with 
conservative nonsurgical treatment protocols [18,�19]. Thus, 
recently performed systematic reviews suggest that surgical 
treatment protocols can be superior to nonoperative man-
agement [20,�21].

However, as previously mentioned, these data simply refer 
to clinician-based assessment of mucosal healing and do not 
include any radiological or histological assessments to dem-
onstrate the complete resection of diseased bone, and there-
fore the absence of bony abnormality underneath the 
mucosa. In addition, these results are limited by an embar-
rassing lack of consistent and validated patient-centered 
outcomes measures. There is an urgent need for future  
research to develop consistent outcomes measures that are 
both clinician and patient-centered. Quality of life instru-
ments should represent an essential outcome measure in 
clinical studies of ARONJ therapy. The endpoints of outcome 
collection should also be long-term and standardized. Future 
studies should also consider the use of histological criteria 
so as to define complete resection of diseased bone (for 
surgical studies) and the adoption of radiological criteria so 
as to demonstrate the absence of bony abnormalities even 
in patients with complete mucosal healing and no notable 
symptoms, as previously suggested by some authors [22].

3  Impact of disease definition and staging on the 
outcomes of ARONJ treatment

Most available staging systems for osteonecrosis, including 
the widely used American Association of Oral and Maxil-
lofacial Surgeons (AAOMS) system, classify staging and 
severity on the basis of clinical and radiographic findings. 
They also provide stage-related treatment recommendations 
[23]. However, clinical inspection and plain radiography are 
limited in their ability to identify the extent of necrotic bone 
disease compared with computed tomography (CT). A stag-
ing system that does not include accurate imaging of the 
affected bone is likely to lead to an incomplete and incorrect 
estimate of the extent of the disease, which in turn would 
lead to incorrect treatment recommendations. Bedogni et 
al have demonstrated that the AAOMS staging system does 
not correctly identify the extent of bony disease in ARONJ 
patients; they showed evidence of CT-proven diffuse bone 
disease in patients that were classified as having an early 
AAOMS stage (stage 0 and 1) (Figs 4-1, 4-2), and demon-
strated localized/focal bone disease on CT in a significant 
number of patients classified as having a more advanced 
AAOMS stage (stage 2) [24]. These findings possibly explain 
the variability of responses to treatment reported for patients 
with AAOMS stage 1 and 2 disease, as this groups include 
individuals with heterogeneous extent, and therefore, se-
verity of bone disease (focal and diffuse). Other limitations 
of the current AAOMS classification system, which can have 
an impact upon treatment outcomes, include: (1) neither 
the extent of the exposed bone nor its location are taken 
into account, (2) combined ARONJ symptoms are not con-
sidered and therefore cannot clearly be classified, (3) the 
underlying medical condition as well as the patient’s status 
are not considered. Therefore, it is of great importance that 
studies on therapy success should not use retrospective but 
instead prospective study designs. It is a pitfall of retrospec-
tive studies conducted with questionnaires without oral 
investigations to miss early stages with exposed bone that 
are not accompanied by infection or pain. Due to the fact 
that these ‘silent’ ARONJ stages are a frequent finding, a 
significant number of cases are not recorded in retrospective 
studies. Also, it has been increasingly discussed that super-
ficial clinical signs (as commonly used for most staging  
systems) may not show the true extent of bony disease, 
therefore under- or overestimating the prognosis, leading 
to misinterpretations and repercussion on therapeutic  
decisions [19,�24].
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variant remained undiagnosed by AAOMS criteria. The above 
inconsistencies in disease staging and differences in disease 
definition have most likely led to inclusion into clinical 
studies and retrospective analyses of highly heterogeneous 
groups of patients. Similarly, there has been heterogeneity 
in assessing responses to therapy and disease status. For 
example, an ARONJ patient with development of fistula 
tract and, paradoxically, a mandibular fracture after treat-
ment would be classified to be in remission because of the 
absence of necrotic bone exposure. It is not unrealistic to 
suggest that these inconsistencies and limitations have led 
to major differences in treatment outcomes among published 
studies. 

The definition of ARONJ is another crucial aspect in the 
critical assessment of the outcomes of ARONJ therapy. Ear-
lier definitions of ARONJ involved the presence of exposed 
jaw bone for a period of at least 8 weeks [25–27]. However, 
recent data suggests that these traditional definitions ex-
cluded patients that presented with a nonexposed variant 
of the condition. Fedele et al demonstrated that the use of 
the traditional definition could result in up to 25% of ARONJ 
patients remaining undiagnosed [28]. Although the recent-
ly revised AAOMS classification of ARONJ includes patients 
presenting with mucosal sinus tracts and no obvious bone 
exposure, the ARONJ definition was paradoxically not 
amended and therefore individuals with the nonexposed 

Fig 4-1a–b Intraoral view of an ARONJ patient presenting with two nonsuppurating mucosal fistulas at 
the level of the right mandibular body (Stage 1 AAOMS, 2014) (white arrows) (a). The patient’s axial CT 
scan showing involvement of the entire right mandibular body with bone condensation (white arrow) and 
all-embracing periosteal osteoblastic reaction (yellow arrow) (b).

Fig 4-2a–b Intraoral view of an ARONJ patient presenting with two suppurating mucosal fistulas at the posterior 
aspect of the right maxilla (Stage 2 AAOMS, 2014) (white arrow) (a). The patient’s axial CT scan showing bone 
condensation of the entire maxilla and bone sequestra formation at the level of the molar region (b).

a

a b

b
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4 Therapeutic strategies

There remains no consensus regarding the optimal manage-
ment of patients with ARONJ. When mucosal healing is the 
primary aim of the treatment, a number of studies have 
suggested that surgery should represent the first line of 
therapy, especially when clear identification of disease mar-
gins allows complete resection of the necrotic bone [12,�

29–31]. Indeed Hoff et al [10] and Nicolatou-Galitis et al [11]�

reported conservative nonsurgical management to be  
associated with complete mucosal healing in only 23% and 
14.9% of patients respectively, notably after a median of 8 
months of therapy. It is also worth mentioning that some 
of the patients that showed complete healing after nonop-
erative management had nonexposed stage 0 ARONJ [23,�

27]. Nevertheless, other authors have emphasized that 
ARONJ treatment should focus on pain and infection  
control, especially in individuals with short-life expectan-
cy and poor performance status and who may experience 
significant postoperative complications [32,�33]. They suggest 
that persistence of necrotic bone underneath the mucosal 
surface could be compatible with good quality of life, es-
pecially when secondary infections are prevented and pain 
is controlled, and when there is little convincing evidence 
that a nonoperative approach would cause progression of 
ARONJ. Those in favor of surgical intervention, however, 
suggest that nonoperative measures cannot “cure” ARONJ 
and that the persistence of bone exposure and associated 
recurrent infections can also affect the delivery of future 
cancer chemotherapy and antiresorptive therapy [34,�35]. 
They highlight that, historically, surgical therapy has been 
central to the treatment of chronic necrotic tissue, regard-
less of the cause.

Necrosis has often been approached with surgical removal 
as a main part of the treatment algorithm since tissue  
necrosis is irreversible and will continue to exist as a complex 
chronic wound prone to complications (eg, secondary infec-
tion) [12,�36]. With respect to ARONJ, the surgical removal 
of necrotic bone tissue has been approached with either 
minimally invasive surgical debridement or resective surgery, 
which have been associated with a variety of success rates 
[19,�36,�37]. The primary goal always ought to be to resect as 
much as necessary and as less as possible [38]. Debridement 
represents a cautious and empirical suboptimal approach 
that reduces but cannot completely eliminate necrotic bone 
[12,�19]. On the contrary, resection is planned with accurate 
preoperative imaging (eg, CT) and carried out so as to obtain 
healthy bone margin. Therefore marginal, segmental, or 
even subtotal to total resection are likely to be associated 
with complete removal of necrotic bone tissue (Figs 4-3, 4-4). 

However, the challenge of surgical treatment is that the 
exact margins of ARONJ are difficult to determine, thus a 
clear demarcation of the necrotic bone is difficult if not 
impossible to achieve [25,�39]. The complete removal of ne-
crotic bone is of crucial importance as otherwise there is the 
risk of disease recurrence or progression [12,�18].

The other challenge of surgical treatment is the lack of  
standardization of surgical procedures, as these depend on 
the ability and experience of the surgeon and are difficult 
to compare and reproduce. One of the most commonly ad-
opted parameters is the intraoperative impression of the 
surgeon [40,� 41]. Surgical debridement and resection in 
ARONJ therapy is commonly performed until the bone ap-
pears to be “normal” in structure, color, and texture, with 
bleeding being widely accepted to be a sign of viable bone 
[38]. The exposed bone in ARONJ lesions commonly shows 
a darker and yellowish color, as well as increased porosity, 
as compared to healthy bone. However, the necrotic bone 
of ARONJ is commonly surrounded by sclerotic bone areas, 
which are harder and can present with various degrees of 
vascularization ranging from poorly to highly inflamed and 
hypervascularized tissue [22,�42]. Therefore, using bone bleed-
ing for guidance can be misleading. Furthermore, it has been 
shown that bone bleeding does not always correlate with 
the histological findings of vital unaffected bone [30]. In 
conclusion, bleeding cannot be used as an absolute param-
eter to determine the extent or the margins of surgery in 
ARONJ patients [30,�39,�43].
 
The use of imaging techniques (eg, CT and MRI) has been 
suggested to distinguish between healthy and diseased bone 
tissue preoperatively, with various degrees of success [44–46]. 
Other authors successfully implemented the use of histol-
ogy to confirm the appropriateness of bone resection and 
the presence of healthy bone margins, as they were deter-
mined preoperatively on the basis of CT and MRI [14]. 

An alternative strategy to distinguish between viable and 
necrotic bone is the use of bone fluorescence [30,�39,�43,�47,�

48]. Tetracycline and its derivates possess fluorescence prop-
erties [49], which under appropriate excitation light (525–540 
nm) can show visible greenish fluorescence [50]. Due to its 
affinity to calcium, tetracyclines are incorporated into bone 
in particular in areas of high bone turn-over [51]. Viable 
normal bone shows a green fluorescence that can be visual-
ized intraoperatively by using a VELscope fluorescence lamp 
(eg, LED Dental, White Rock, British Columbia, Canada), a 
certified medical device originally developed for the detec-
tion of mucosal tissue abnormalities [29,�30,�39,�43,�47]. In 
contrast, necrotic bone shows no or only pale fluorescence. 
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is present. Due to the fact that this technique is easy to ap-
ply, reproducible, and does not rely on the subjective im-
pression of the surgeon, it is an important milestone towards 
a standardization of the surgical ARONJ therapy auguring 
an improvement of the treatment. Indeed, this technique 
will not avoid significant resection if necessary, but it will 
standardize surgical practice.

Still, there might not be enough data to draw final conclu-
sions regarding the optimal treatment protocol, especially 
as there is hardly any data on how to manage ARONJ cases 

Recent reports suggest that the VELscope system may induce 
an auto-fluorescence of vital but not of necrotic bone (Figs 4-5, 

4-6) without tetracycline bone labeling leading to similar 
bone fluorescence of tetracycline-exposed tissue [52].

As a consequence, fluorescence allows the surgeon to iden-
tify the margin between viable and necrotic bone and remove 
the diseased bone until the remaining bone is fluorescing 
under the VELscope light. Of note, reddish fluorescence is 
considered as bacterial colonization of the bone. These areas 
should be further removed even if green bone fluorescence 

Fig 4-3a–c Resection and mandibulectomy for an ARONJ patient.
a  Intraoperative view of a typical segmental resection of the mandible in an ARONJ patient. The margins of bone resection as planned on 

CT and MRI are outlined (white arrows). 
b  Intraoperative view of the surgical specimen.
c  Intraoperative view of the reconstruction of the lateral defect following mandibulectomy. A locking reconstruction plate 2.4 was used to 

span the defect and to restore mandibular continuity. Single-layer mucosal closure of the defect was achieved without tension.

Fig 4-4a–c Resection and maxillectomy for an ARONJ patient.
a  Intraoperative view showing a standard lower maxillectomy procedure. The margins of bone resection, as planned on CT and MRI are 

outlined (white arrows). The initially exposed and necrotic bone in the oral cavity is obvious (white asterisk), as compared with the 
adjacent nonexposed necrotic/inflamed bone that can be seen following mucosal incision (yellow arrow).

b  Intraoperative view of the surgical specimen. 
c  Intraoperative view of the reconstruction of the lower maxillectomy defect. Double-layer closure of the defect was warranted to seal the 

orosinonasal communication, using Bichat's buccal fat pad (white arrow) and mucosal advancement flaps.

a b c

a b c

*
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under denosumab in which nonoperative treatment proto-
cols might play a different role due to the much shorter 
half-life. The clinical decision-making will always be based 
on individual risk assessment especially as most of the  
patients suffering from ARONJ have multiple underlying 
diseases. This process requires knowledge about the chanc-
es and limitations of the treatment options. Unfortunately, 
the vast majority of clinical trials of interventions for ARONJ 
are characterized by poor methodology, lack of control arm, 

and missing randomization. It is therefore difficult to  
ultimately support either nonoperative strategies or surgical 
procedures for either stage. Indeed, it is of paramount im-
portance that future research focuses on high-quality ran-
domized and controlled trials, possibly comparing surgical 
versus nonoperative therapy. It is also worth investigating 
the effects of surgical debridement versus resective proce-
dures.

Fig 4-5a–b Clinical image of a bisphosphonate-related osteonecrosis of the right mandible (arrow) before osteonecrosis removal (a). 
The corresponding field of view using the VELscope Vx system (b). Note that necrotic bone areas showed no or only very pale auto-
fluorescence (arrow).

Fig 4-6a–b Clinical image after the surgical removal of the bisphosphonate-related osteonecrosis (arrow) (a). The corresponding field 
of view using the VELscope Vx system without tetracycline labeling (b). Note that the bone areas showed a bright auto-fluorescence 
after removal of the osteonecrosis (arrow).

a b

a b
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5 Conclusion

Since the topic is highly controversial and there still remains 
no consensus, there is an urgent need for future research 
to develop consistent outcomes measures that should be 
both clinician and patient-centered (eg, quality of life instru-
ments). Great effort should be taken to adapt disease staging 
and disease definition to achieve homogenous study groups 
for future evidence-based high-quality data. Although sur-
gical intervention seems to be a superior alternative, it is 
only through randomized and controlled trials that robust 
data can be produced in order to develop genuine recom-
mendations for future ARONJ therapy guidelines.
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5  Risk factors for antiresorptive drug-related 
osteonecrosis of the jaw 
Robert�E�Marx

1 Introductory questions

In this chapter, four questions are raised and discussed:
•	 What are the real risk factors for antiresorptive 

drug-related osteonecrosis of the jaw (ARONJ)?
•	 What are the initiation factors for ARONJ?
•	 Where are the vulnerable sites?
•	 What are the relevant comorbidities?

2 Definition

A risk factor is defined as a gene, disease, drug, habit, or 
other factor that predisposes an individual to developing a 
medical condition with or without other influences. Ex-
amples of such risk factors include the BRCA-1 gene, which 
predisposes and results in some women developing breast 
cancer, or cigarette smoking, which causes both oral pha-
ryngeal and lung cancers without any other influences. 
Unfortunately, the current specialty association taskforce 
papers have not adhered to such a direct link and have 
included as risk factors a myriad of coincidental conditions 
that have not in the past, nor presently, independently  
resulted in osteonecrosis of the jaws (ONJ) [1,�2]. These task-
force papers, and even some medical publications, have 
advanced obesity, female gender, smoking, tori, and tooth 
extraction as ONJ risk factors [3,�4,�5]. Clearly none of these, 
nor the many more they list, result in long standing exposed 
bone in the jaws by themselves. Overweight people do not 
develop ONJ simply from over-eating, and thousands of 
teeth are taken out every day without causing ONJ unless 
a true risk factor such as previous radiation therapy, a his-
tory of bisphosphonate (BP) intake, or reactive activator of 
nuclear kappa B ligand (RANKL) inhibitor use has been 
present. Also, being a woman clearly does not predispose 
someone to ONJ without one of the true risk factors being 
present.

The following then is a more straightforward identification 
of scientifically correct risk factors. Also provided is a strat-
ification of previously incorrectly labeled risk factors into 
initiating factors, vulnerable sites, and comorbidities.

3 Risk factors

The primary risk factor for ARONJ is the drug itself. Today, 
four drugs classifications have provided sufficient evidence 
and a track record of causing ONJ to be considered true risk 
factors:
•	 Bisphosphonates, due to their mechanism of apoptosis 

(killing) of osteoclasts mostly at the bone resorption site 
[6] (Figs 5-1, 5-2) and to a lesser degree on osteoclastic 
precursors in bone marrow as well as a mild antiangio-
genic effect on small blood vessels [7] (eg, alendronate, 
zoledronate)

•	 Reactive activator of nuclear kappa B ligand (RANKL) 
inhibitors, due to their impairment as well as killing of 
adult osteoclasts as well as precursors at all stages of 
osteoclast development [8] (eg, denosumab)

•	 Potent antiangiogenic drugs, due to their inhibition of 
vascular endothelial growth factor (VEGF), which 
results in an avascular bone necrosis [9] (eg, bevaci-
zumab)

•	 Potent tyrosine kinase (TRK) inhibitors, due to their 
irreversible inhibition of several cell membrane-intra-
cellular transcription factor relationships resulting in 
cellular death [10] (eg, sunitinib).

In addition, factors such as dosage, potency, and administra-
tion should also be considered risk factors.
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3.1 Dose
It is well known that for almost every pharmaceutical drug, 
from aspirin to digitalis, increased dosing results in a more 
profound effect and a greater number and severity of com-
plications. Today, alendronate is the cause of 95% of all oral 
BP-induced osteonecrosis compared with residronate (3%) 
or ibandronate (1%). This is due to its recommended dose 
of 70 mg/week as compared with residronate at 35 mg/week 
and ibandronate 150 mg/month, which equates to 35 mg/
week. Similarly, denosumab at 120 mg subcutaneously 
monthly for metastatic cancer control and control of hyper-
calcemia produces a greater number of cases and a greater 
severity of ONJ than denosumab at 60 mg subcutaneously 
every 6 months for osteoporosis (Figs 5-3, 5-4).

3.2 Potency
The potency of a drug is its biologic effect per dose weight. 
Table 5-1 lists the relative potencies of the more commonly 
administered BPs. One can see that alendronate and zole-
dronate have the greatest measured potency. It is these two 
drugs that account for the vast majority of ARONJ cases. 
Since the two marketed denosumab preparations are the 
same drug, their potency is the same, identifying that the 
focus of their relative risk is related to the vast differences 
in their dose and frequency of administration. 

3.3 Route of administration
All publications and taskforce position papers agree that 
intravenous BPs cause a greater number of cases and a more 
severe and extensive ONJ than that caused by oral BPs [1,�

2,�11,�12]. This is due to the poor gut absorption of oral BPs 

(0.64%) resulting in a 140 times greater bio-availability 
from the intravenous route. The RANKL inhibitors are all 
administered subcutaneously, once again focusing their risk 
more on dose and frequency.

3.4 Frequency of administration
Osteoclast precursors in bone marrow, as well as in the  
human body in general, have a remarkable recovery and 
repopulation ability. Consecutive exposures to toxins spaced 
out over long intervals are better tolerated than consecutive 
exposures with short interval periods. This may explain to 
some degree the reduced incidence of ONJ from the once 
monthly dosing of ibandronate as compared to the once 
weekly dosing of residronate and alendronate. This relation-
ship to frequency of administration has also been recognized 
by many clinical oncologists, who are now administering 
IV zoledronate at every 3 or 6 months, which is off-label 
from the manufacturer’s own advice of every 3 weeks to a 
month. Such a reduction in the frequency of administration 
has resulted in an observed reduction in the number and 
severity of cases. 

3.5 Half-life in bone
The terminal half-life of BPs has been measured at 11.2 
years [13]. This is due to a strong affinity and irreversible 
binding to hydroxyapatite crystals in bone. Denosumab does 
not bind to bone but is metabolized in either the liver or 
kidney by the CYP450 enzyme with a published half-life of 
26 days [8]. Clinically, this makes denosumab-induced 
ARONJ more straightforward to treat.

Fig 5-1 Initial phase of a dying osteoclast due to bisphosphonate 
ingestion. The nuclei are disrupted and there is free chromatin in the 
cytoplasm.

Fig 5-2 Late phase of a dying osteoclast due to bisphosphonate 
ingestion. The cell is now ballooned up and the nuclei are gone.
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Fig 5-3 Osteonecrosis of the jaw in a patient that received 60 mg 
of denosumab subcutaneously every 6 months for 3 years.

Table 5-1 The relative potencies of bisphosphonates.

Fig 5-4 A more extensive osteonecrosis of the jaw in a patient 
that received 120 mg of denosumab subcutaneously monthly for 6 
months. 

Bisphosphonate Potency

Etidronate 1

Tiludronate 50

Clodronate 500

Residronate 1,000

Ibandronate 1,000

Alendronate 5,000

Pamidronate 5,000

Zoledronate 10,000
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4.3 Significant periodontal inflammation or surgery 
Ongoing significant periodontal inflammation has been  
associated with developing ONJ in patients taking BPs [16]. 
This is due to the further increased alveolar bone remolding 
rate stimulated by the inflammatory process (Fig 5-7).

4.4 Surgery in alveolar bone
Surgeries in the alveolar bone other than tooth removal 
also increase the requirement for bone remodeling and re-
newal, which often cannot be met if osteoclastic function 
is impaired by a BP or denosumab (Fig 5-8).

4.5 Spontaneous ARONJ
Despite the above factors, about 25% of ARONJ cases occur 
without any identifiable initiating event (Fig 5-9) [14]. These 
cases are then directly related to the drug, its use, its po-
tency, and its route and frequency of administration. 

4 Initiation factors for osteonecrosis of the jaw

The removal of teeth or the existence of hyperocclusion or 
significant periodontal inflammation have been shown to 
be initiation factors for ONJ.

4.1 Tooth removal
Tooth removal is the initiator in up to 62% of ONJ cases 
(Fig 5-5) [12,�14]. This is due to the normal enhanced bone 
remolding rate of alveolar bone as compared to other bones 
as well as the greatly enhanced requirement for bone re-
modeling and regeneration required in a healing extraction 
socket.

4.2 Hyperocclusion
Although not previously well recognized, excessive occlusal 
forces initiate ONJ cases by requiring a greater rate and 
degree of remodeling in the alveolar bone [15]. Such oc-
clusal overloading in BP and denosumab patients strongly 
correlate to a higher incidence seen in the molar areas in 
both jaws as well as the lingual balcony of the mandible, 
which is the focal point of axial loading during molar oc-
clusion (Fig 5-6) [15].

Fig 5-5 Maxillary ARONJ initiated by the 
extraction of posterior teeth.

Fig 5-8 Dental implant surgery initiated this 
ARONJ of the mandible in a patient that had 
received alendronate for 5.5 years.

Fig 5-9 Spontaneously exposed bone 
representing ARONJ caused by using 
alendronate 70 mg/week for 5 years.

Fig 5-6 Hyperocclusion initiated this ARONJ 
in a patient that received alendronate for 4 
years. 

Fig 5-7 Chronic periodontal inflammation 
significantly contributed to this ARONJ.
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5.3 Tori 
Tori represents a truly vulnerable site rather than a risk 
factor (Fig 5-11). Because the bony surface of the tori  
continually remodels, it is affected by drugs that impair os-
teoclast mediated remodeling. Adding to this is the thin 
mucosa overlying tori [12,�15]. 

5.4 The midshaft (diaphysis) of the femur
Atypical subtrochanteric midshaft fractures of the femur 
have been linked to BP use in numerous publications 
(Fig 5-12) [17,�18,�19]. After alveolar bone in the mandible and 
maxilla, this area has the greatest requirement for remodel-
ing resulting in such fractures. As one walks or runs, the 
femur, the longest bone in the skeleton, bends slightly at 
its midshaft. This bending moment requires bone remodel-
ing, which BPs and denosumab prevent, resulting in a brit-
tleness that promotes the many fractures that have been 
observed and reported.

5 Vulnerable sites

Areas such as alveolar bone, the mandible, tori, and the 
midshaft of the femur can all be considered vulnerable sites 
for ARONJ.

5.1 Alveolar bone
In general, alveolar bone in either the mandible or maxilla 
represents the most vulnerable site, and with the exception 
of tori, all ARONJ cases that fit the numerous taskforce 
definitions of exposed bone start in alveolar bone [1,�2,�12,�

14,�15]. This is due to the much greater requirement and rate 
of bone remodeling from normal as well as traumatic oc-
clusion, and occasionally, denture wearing focused on the 
alveolar bone (Fig 5-10). Even ARONJ cases that arise spon-
taneously do so within alveolar bone.

5.2 Mandible greater than maxilla
Most large series identify a 2 to 1 predilection for ARONJ 
to occur in the mandible as compared with the maxilla  
[1,�11,�12,�14,�15].

Fig 5-10 The edentulous alveolar ridge, 
a vulnerable site, which developed this 
spontaneous ARONJ.

Fig 5-11 ARONJ in a maxillary torus, which 
represents a spontaneous ARONJ, and the 
torus is also a vulnerable site.

Fig 5-12 A spontaneous midshaft fracture 
of the femur caused by using alendronate 
for 8 years.
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6 Comorbidities

Comorbidities do not cause a disease by themselves but may 
make it occur sooner and/or become more severe. There 
are numerous comorbidities. An incomplete list of those 
previously published as risk factors are as follows [19]:
•	 Smoking
•	 Diabetes
•	 Anemia
•	 Chemotherapy
•	 Cancer
•	 Corticosteroids
•	 Immune based diseases 

 – Systemic lupus
 – Rheumatoid arthritis

•	 Dehydration 
•	 Obesity.

7 Conclusion

Over the past decade, numerous potential risk factors for 
ARONJ have been proposed. However, many of these should 
instead be considered as initiating factors, vulnerable sites, 
or comorbidities. True risk factors include the actual drug 
or drugs provided to the patient, as well as the additional 
factors of dosage, potency, and route and frequency of ad-
ministration. This chapter has aimed to clarify these issues 
based on exact science and the clinical experience of more 
than 500 cases.
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6  Pathogenesis of antiresorptive drug-related 
osteonecrosis of the jaw 
Riham�Fliefel,�Sven�Otto

1 Introductory questions

In this chapter, three questions are raised and discussed:
•	 Which theories exist for the pathogenesis of antire-

sorptive drug-related osteonecrosis of the jaw 
(ARONJ)?

•	 Why are the jaw bones predominantly affected?
•	 Why can nitrogen-containing bisphosphonates and 

denosumab cause ARONJ?

2 Background

Bones are constantly remodeled through osteoblastic (bone 
formation) and osteoclastic (bone resorption) activity to 
maintain skeletal strength and integrity. However, imbal-
ance between these phenomena affects bone mineral den-
sity leading to such bone disorders as osteoporosis, Paget’s 
disease, myeloma, bone metastases secondary to cancer, as 
well as osteogenesis imperfecta and inflammatory bone loss. 
One of the recent treatments of bone disorders is the use of 
antiresorptive drugs including hormone replacement ther-
apy, selective estrogen receptor modulators, bisphospho-
nates, and denosumab, which reduce the occurrence of bone 
pain, pathological fracture, and spinal cord compression 
[1–4].

Among the antiresorptive drugs, bisphosphonates (BPs) are 
stable analogues of natural inorganic pyrophosphates [5–7]. 
They can be classified into nonnitrogen BPs, which meta-
bolically interfere with adenosine triphosphate-dependent 
(ATP) intracellular pathways, and nitrogen BPs, which in-
hibit farnesyl pyrophosphate synthase [8,�9]. Denosumab is 
a new antiresorptive drug with a novel mechanism of action 
[10]. Both denosumab and bisphosphonates target osteoclasts, 
however, their effects on osteoblasts are largely indirect [11].

The mechanisms of action of BPs in bone metabolism are 
complex and multifactorial, altering the osteoclast cytoskel-
eton, stimulating apoptosis, and reducing proton-pump 

expression [12–14]. They interfere with chemotaxis and the 
attachment of osteoclast to bone together with suppressing 
mature osteoclast function by defective intracellular vesicle 
transport, which in turn prevents osteoclasts from forming 
a tight scaling zone or ruffled border required for bone  
resorption [15–17]. In addition, they inhibit recruitment, 
activation, and differentiation of osteoclast precursors [18]. 
The clinical efficacy of BPs rises from their ability to bind 
strongly to bone mineral [7]. The initial clearance of BPs 
occurs through renal excretion or adsorption to bone min-
eral extending over a period of weeks to years [19]. During 
bone resorption, the acidic pH in the resorption lacuna in-
creases the dissociation of BP from bone [20]. This is followed 
by the uptake of the BP most likely by fluid-phase endocy-
tosis [21].

Bone resorption is regulated through what is known as 
RANK/RANKL/OPG pathway [11,�22]. The receptor activator 
of nuclear factor kappa-B ligand (RANKL) is a transmem-
brane and soluble protein highly expressed by osteoblasts 
[23,�24]; its receptor, receptor activator of nuclear factor 
kappa-B (RANK), is located on the cell membrane of osteo-
clasts and preosteoclasts [24,�25]. Increased bone resorption 
results from RANK/RANKL binding, which stimulates the 
formation, activity, and survival of osteoclasts [26]. Osteo-
protegerin (OPG) is a naturally occurring soluble, nonsignal-
ing “decoy receptor” for RANKL. Osteoprotegerin inhibits 
osteoclast activity by binding to RANKL, preventing its  
interaction with RANK [26–28]. Both RANKL and OPG are 
produced by osteoblasts [29].

Denosumab is a fully human monoclonal antibody that was 
developed specifically to interact with the RANK/RANKL/
OPG pathway [7]. By binding to RANKL, it prevents the 
maturation and differentiation of preosteoclasts in the  
extracellular environment and promotes apoptosis of os-
teoclasts [30]. It has several advantages over BPs including 
better tolerability, ease of subcutaneous injection, shorter 
half-life, and reduced incidence of nephrotoxicity, render-
ing it the drug of choice for patients with renal diseases or 
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prostate cancer [31]. In contrast to the BPs, denosumab does 
not become embedded within bone tissue [10,�11]. Deno-
sumab is cleared from the bloodstream through the reticu-
loendothelial system, with a half-life of approximately 26 
days without inducing the formation of neutralizing anti-
bodies [32].

Antiresorptive drugs have serveral side effects including 
upper gastrointestinal, where nausea, vomiting, epigastric 
pain, and dyspepsia can occur after oral administration of 
drugs for the treatment of osteoporosis. Subsequently, sev-
eral cases of renal failure were reported following the use 
of intravenous BPs. A possible mechanism of renal toxicity 
was the strong affinity of the BP for metal ions and their 
tendency to form complexes and aggregates with metal ions. 
Nonspecific conjunctivitis is the most common ocular side 
effect of BPs, which usually improves without therapy and 
despite continuing treatment with BPs. Transient hypocal-
caemia with secondary hyperparathyroidism is also a side 
effect of BP administration. There is a possibility of severe 
and sometimes incapacitating bone, joint, and/or muscle 
(musculoskeletal) pain in patients taking BPs [33,�34].

3 Theories for the pathogenesis of ARONJ

No potential adverse effect of antiresorptive drugs has caused 
more scientific attention than ARONJ, which ranges in  
severity from painless small areas of exposed bone, to sig-
nificant bone exposure associated with severe pain, seques-
tration, infection, fistula, or jaw fracture [35–38]. The patho-
genesis of the disease is certainly associated with many 
questions regarding the potential mechanisms underlying 
the pathophysiology [22,�39,�40]. Five main mechanisms have 
also been proposed: 1) impaired remodeling; 2) inhibition 
of angiogenesis; 3) local toxicity; 4) immunomodulation; 
and 5) infections. It is most likely that a combination of 
these facilitate the development of ARONJ [41]. However, 
the most cited theory to explain the mechanism suggests 
that it is caused by cessation of bone remodeling and bone 
turnover by the inhibition of osteoclasts [42]. 

Antiresorptive drug-related osteonecrosis of the jaw most 
commonly occurs in the oral cavity as the jaws are covered 
and protected only by a thin layer of periosteum and epi-
thelium against the multitude of bacteria in the oral cavity 
making it prone for infections. The alveolar bone of the jaws 
is daily remodeled with a high rate of bone turnover, and 
the presence of teeth and gum provides an easy entrance 

for bacterial infection [40,� 43]. The oral structures are  
subjected to a wide variety of stresses, which may be phys-
iologic, iatrogenic, or inflammatory. The constant stress leads 
to trauma to the mucosa with exposure of bone [40]. Pro-
longed use of BPs can suppress bone turnover with accu-
mulation of microcracks resulting in decreased biomechan-
ical competence [35,�44]. Bisphosphonates cause excessive 
reduction of bone turnover resulting in an increased risk of 
bone necrosis in osseous repair [45,� 46]. However, this  
theory failed to explain why exposed necrotic lesions are 
rarely seen in bones other than the jaw. Antiresorptive drug-
related osteonecrosis of the jaw does not appear to occur in 
other conditions associated with reduced bone turnover, 
such as hypoparathyroidism, and in patients with reported 
ARONJ the bone turnover markers were not overly sup-
pressed [47,�48]. In patients with breast cancer and bone 
metastases treated with zoledronate or denosumab, bone 
scintigraphy images suggest that the bone turnover of the 
mandible and maxilla is not overly changed when compared 
to other bones [49].

Blood supply may play a role in ARONJ as its reduction 
might lead to delayed wound healing due to the antiangio-
genic effect [50]. Antiresorptive medications may inhibit 
angiogenesis by inhibiting the formation of blood vessels, 
endothelial cells, fibroblast growth factor, and endothelial 
growth factor impairing endothelial cell (EC) functions lead-
ing to altered adhesion and migration. Furthermore, there 
is reduced proliferation, increased apoptosis, and decreased 
capillary-like tube formation in ECs that might cause bone 
necrosis [51–53]. In a study by Wehrhan et al [54], mucoperi-
osteal tissue samples from ARONJ patients under BPs and 
controls were assessed for vascularization with CD31 stain-
ing and neoangiogenesis by CD105. Although there was no 
difference in the vascularization between sample groups, 
there were significantly fewer CD105-positive vessels in 
ARONJ samples suggesting that neoangiogenesis was sup-
pressed in ARONJ patients. Histological evaluation of ARONJ 
tissue revealed decreased p63 gene expression, indicating a 
reduction in basal cell progenitors, and might lead to im-
paired healing of the oral mucosa [55]. Although BPs, beva-
cizumab, and sunitinib all have antiangiogenic effects, the 
effects of denosumab on angiogenesis is largely unknown 
[56–58]. As such, impaired vascularization may play only a 
minor role in the development of ARONJ [59].

Soft-tissue cytotoxicity might also play a role explaining 
why bone is directly exposed to the oral environment through 
teeth and periodontal ligaments [60]. Local infection and 
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blockade of bone resorption with BPs may render it difficult 
for these cells to access the pathogens, allowing the infection 
to persist. The resulting accumulation of bacterial toxins and 
inflammation-generated superoxides will promote bone 
necrosis [68]. The mechanism of ARONJ is highly related to 
immunity and infection rather than being aseptic or avas-
cular in origin [56]. It mostly follows invasive dental proce-
dures, suggesting that ARONJ likely involves a drug-related 
compromise in the bone response to invasive trauma. An-
tiresorptive drug-related osteonecrosis of the jaw often 
manifests after dental extractions but it has to be taken into 
consideration that the majority of those extractions are per-
formed due to dental infections, especially apical and peri-
odontal infections. For a direct in vivo mechanism to be 
identified, it is yet unclear whether invasive trauma by itself 
is sufficient to precipitate ARONJ in individuals treated with 
antiresorptive drugs [36,�48]. Polymicrobial infection and 
periodontal disease are very likely to contribute to the de-
velopment of ARONJ as a biofilm-associated infection. Filleul 
et al [72] found out that actinomyces were present in 70% 
of all cases. Thumbigere-Math et al [73] found actinomyces-
like microorganisms in all bone specimens of patients during 
microbiological examination. In animal models treated with 
BPs, bacterial infection was sufficient enough to cause ARONJ 
[36]. Sterile inflammation alone in the soft tissues surround-
ing the jaw seems insufficient to induce ARONJ [74].  
Treatment with antibiotics in animal models [75] and mu-
coperiosteal coverage on the day of tooth extraction in a rat 
model prevented the development of ARONJ [76].

The presence of the infectious component in ARONJ seems 
to be the most dangerous aspect. Oral pathogens should be 
prevented from reaching the bone surface, and optimum 
oral hygiene is essential. The current regimens, which con-
sist of oral antiseptics and antibiotics, are not always suc-
cessful. Ideally, treatment aims to eradicate the underlying 
infection, prevent secondary infection, stop the disease 
process, and control symptoms [77]. Traumatic intervention 
should be avoided, but where it must be undertaken, strict 
adherence is necessary. The proposed sequence of events 
in the development of ARONJ with infection could justify 
temporary discontinuation of the drug to allow recovery of 
macrophage production and function [78]. A potential scheme 
for the pathogenesis of ARONJ taking together the above 
mentioned aspects but stressing the role of local infections 
is illustrated in Fig 6-1. Infection might also be the initiating 
event for ARONJ in patients receiving denosumab as there 
is also a strong remodeling suppression and therefore only 
limited capacity to deal with odontogenic infections.

tooth extraction could result in the release of BPs into the 
local tissues. Provided that the local concentration of drugs 
is high enough, the proliferation of adjacent epithelial cells 
could be inhibited and thus slow down the healing of the 
breached mucosal barrier [61]. However, soft-tissue toxicity 
has not been reported with denosumab. Use of BPs was 
explored on a variety of cells, including gastrointestinal cells, 
cervical epithelial cells, renal cells, prostate epithelial cells, 
and oral mucosal cells [40]. Antiresorptive drugs also act on 
immunity, resulting in impairment of myeloid cell function 
[62,�63], and dendritic cell [64] and T-cell upregulation [65]. 
They increase the antigenicity of cancer cells as targets and 
increase adaptive immunity. This impairment of local im-
munity with an infectious tendency may be a key element 
in ARONJ [41].

4 Special properties of jaw bones

Infection and periodontal disease are critical factors  
associated with ARONJ. However, controversy exists as to 
whether: 1) BP inhibition of bone remodeling results in 
necrosis with subsequent infection or 2) the direct toxic 
effects of BPs on the oral mucosa allow for invasion of oral 
pathogens causing infection with subsequent necrosis [66,�

67]. Among all the bones, the jaw seems to be the most  
liable to bacterial infection since mucosa covering the al-
veolar bone is very thin and vulnerable and teeth easily 
become a pathway for bacteria from the outside into the 
bone. After administration, BPs accumulate in the bone and 
during physiological remodeling, osteocytes are exposed to 
BPs in bone [68]. Bisphosphonates bind to bone at neutral 
pH and are released from bone in an acidic milieu; thus, pH 
and infections might play an important role in the patho-
genesis of ARONJ. This physiologic mechanism takes place 
in the resorption lacunas during bone resorption, where 
acid pH increases the dissociation between BP and hydroxy-
apatite. To date, this well-known feature has usually not 
been brought into connection to the pathogenesis of ARONJ, 
but may prove to be the missing part in the multifactorial 
puzzle [69,�70].

Aghaloo et al [71] found that necrosis of the alveolar bones 
developed after the placement of a wire ligature around the 
crown of a maxillary molar in a rat periodontal disease 
model. The results showed that periodontitis, which is pre-
sumably infection-related, can trigger osteonecrosis. When 
periodontitis occurs, inflammatory cells are recruited to the 
sites to eliminate the causative pathogens. However, the 
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Infection or surgery of the jaw bone

Localized release and accumulation of 
soluble bisphosphonate into toxic levels

Osteonecrosis of the jaw (ONJ)

Acid milieu (low pH-value) in the jaw bone

Osteoclasts
Immune 

defense cells
Bone cells Endothelium Mucosa

Over-
suppression

Infection Remodeling 
suppression

Ischemia Soft-tissue 
toxicity

Fig 6-1 Potential scheme for the pathogenesis of ARONJ.
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5 Conclusion

While various theories for the etiology of ARONJ are  
discussed, there is more and more data supporting the im-
portant role of local infections. Consequently, the jaw bones, 
especially in areas with dentoalveolar infections and surger-
ies, are mainly affected. The similarities and potential dif-
ferences between ARONJ lesions caused by BPs and deno-
sumab still have to be elucidated.
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7  Small animal models for antiresorptive  
drug-related osteonecrosis of the jaw 
James�L�Borke,�Ezher�H�Dayisoylu,�Stephan�Zeiter

1 Introductory questions

In this chapter, the following questions are raised and dis-
cussed:
•	 Does small animal investigation make sense?
•	 What are the opportunities and limitations of small 

animal investigation?
•	 What are the advantages and disadvantages of small 

animal models of antiresorptive drug-related osteone-
crosis of the jaw (ARONJ)?

•	 What controversies exist concerning these small 
animal models?

•	 Are there significant differences among the various 
small animal models of ARONJ?

•	 Does jaw size matter?

2 The role of small animal investigation

The role of animal models in scientific investigation is well 
established, however, with regard to size, the specific line of 
investigation needs to be taken into account. The genomic 
sequences for mice and rats have been available for several 
years. Both species are now known to share about 98% of 
their genes with humans [1,�2]. In mice for example, of the 
4000 or so genes that have been studied, only about 10 have 
been found in mice or humans and not the other species [3]. 
This, however, does not tell the whole story. The mouse 
Encyclopedia of DNA Elements (ENCODE) project has been 
creating a comprehensive catalog of functional elements in 
the mouse genome, and is comparing these elements to those 
in the human genome [4]. These elements include the genes 
that code for proteins, but also nonprotein-coding genes, 
and regulatory segments that control the turning on and off 
of genes. These regions are not as well conserved and need 
to be closely monitored in studies comparing specific regu-
latory differences.

In addition to genetic and molecular differences, differ-
ences between the structure of animal and human tissues 

must also be considered. A study by Bagi et al in 2011 com-
pared bone anatomy in commonly used laboratory animal 
models with humans [5]. They found that in rabbits and 
rodents, the small amounts of cancellous bone as well as 
the lack of Haversian canals in the mandible limited the use 
of these animals as preclinical models for dental research. 
However, in the same study, the authors suggest that rodent 
models, particularly rats, are often very useful models for 
conducting basic research involving the skeleton when  
differences in species are considered. The many recent pub-
lications in ARONJ research support the use of rats for this 
purpose.

When using a small animal as a model for ARONJ, molecu-
lar and tissue differences may be less important than me-
chanical and metabolic considerations. For example, differ-
ences in bite force, the effect of diet on the oral microbiota, 
as well as the higher rate of metabolism found in rodents 
all contribute to the time course and effects of drug distribu-
tion uptake and utilization impacting the development of 
ARONJ.

The long answer to the question of whether small animal 
investigation makes sense for the study of the development, 
mechanisms, and treatment of ARONJ, therefore requires 
a careful analysis of the parameters being investigated in 
each individual study and the impact of species differences 
on the results.

3  Opportunities and limitations of small animal 
investigations

The decision to use small animal models as research subjects 
involves factors of both a nonscientific and a scientific nature. 
The lower cost for acquiring and housing small animals 
rather than large animals is often a major factor in the deci-
sion to use small animals as models. Studies involving human 
research subjects are also not ideal as these involve addi-
tional regulations necessary to protect human research  
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subjects. However, from a scientific point of view, animals 
often make better research subjects than human beings. The 
differences between individual human subjects in lifestyle, 
diet, and genetics, even for age and gender-matched indi-
viduals from the same community, introduce additional 
variables that cannot be controlled for in human studies. 
Another major advantage to using small animals as research 
subjects is that laboratory mice and rats have a much short-
er life cycle. Because rats and mice live for only two to three 
years, researchers can study the effects of treatments or 
genetic manipulation over an entire lifespan, or across mul-
tiple generations. Studies of this type are generally not fea-
sible using human subjects or large animals. 

Conversely, as mentioned in the previous section, there are 
disadvantages to using small animals as models for some 
disorders. In ARONJ for example, the short ~2-year life span 
of a rat may not allow enough time for development of the 
disorder with exposure to a drug at a dose that is equivalent 
to the human dose, which could require up to 10 years to 
manifest. Small animals may require additional interven-
tions or higher levels of bisphosphonates (BPs) or other 
necrosis-inducing agents to manifest ARONJ over their short 
life. However, several studies to date have demonstrated 
that it is very possible to produce ARONJ in the rat model 
[7] (and see Howie et al [6] for a review of recent models) 

(Fig 7-1). The naturally higher metabolic rate of the rat along 
with surgical trauma, corticosteroids, periodontal disease, 
or higher dosing conditions have all been exploited to pro-
duce small animal ARONJ models with many of the char-
acteristics of human ARONJ (Fig 7-2) [8].

The use of small animals as models for ARONJ has recently 
been advanced by a 2014 publication by de Barros Silva et 
al [9]. In their study, the authors provide a better calculation 
of equivalent human dosing for BPs and other drugs used 
in research involving small animal models. Most published 
studies involving human-equivalent dosing of small animals 
calculate the dosage based on mg drug/kg body weight. 
Based on this method, a 4 mg dose of BP for a 66 kg person 
would be 0.06 mg/kg, which translates into a 12 µg equiv-
alent dose for a 200 g rat. The de Barros Silva study, how-
ever, used the Dose Calculator, Conversion Chemotherapy 
of Humans to Animals, provided free by the United States 
Food and Drug Administration [10]. This calculator not only 
takes into account body weight but also surface area for 
the pharmacological conversion of the human dose to the 
dose equivalent for animals. By this method, a dose of 4 
mg used to treat multiple myeloma in humans was calcu-
lated to be 0.60 mg/kg or an equivalent dose of 120 µg for 
a 200 g rat, a value 10 times the dose calculated by the 
earlier method. 

Fig 7-1a–b Extraction sites after 4 weeks [7].
a Zoledronic acid-treated rat showing nonhealing at the extraction site.
b Control rat showing a healed extraction site.

(Images with kind permission from the Journal of Oral Implantology, Allen Press Publishing Services).

a b
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On the negative side of the debate concerning the use of 
small animal models for ARONJ research are the differenc-
es between small animals and humans in their life span, 
anatomy, metabolism, diets, as well as issues of scale. There 
are multiple examples in the literature of specific drugs and 
treatments that were successfully used in animal studies that 
failed during human trials. This is particularly true for can-
cer research. An article in the American Journal of Transla-
tional Research from 2014 states that the average rate of 
successful translation from animal models to clinical cancer 
trials is less than 8% [13]. They report that the vast majority 
of agents that are found to be successful in animal models 
are not successful in human trials. While this may, in part, 
be a function of the unique nature of individual cancers, 
examples of animal model failures can be seen in most 
other areas of translational animal investigation as well. An 
infamous example of this is seen in the trial in London of 
the drug TGN1412, which was designed as a treatment for 
rheumatoid arthritis, multiple sclerosis, and certain cancers 
[14]. This drug was first successfully tested in several animal 
species at several hundred times the dose given to humans 
in the trial with no ill effects. However, TGN1412 then caused 
a catastrophic systemic organ failure in the human subjects 
injected with only a small amount of the drug. Another 
example is the use of matrix metalloproteinase (MMP)  
inhibitors as therapies against arthritis. After multiple  

4  Advantages and disadvantages of using small 
animal models of ARONJ

One of the key advantages of using small animal models 
involves the medical advances directly attributable to animal 
research. In 2011, the journal Nature conducted a survey 
of approximately 1,000 scientists working in the biomedical 
field. From this survey, greater than 90% of the scientists 
that responded found the use of animals in research was 
essential for progress in medical diagnosis and treatment 
[11]. This collective opinion arises out of the historic contri-
butions of animal research to major medical advancements 
for well over a century. Some of the advances attributable 
to research involving animals include the use of rodent mod-
els in the development of diagnostic and treatment methods 
for brain disorders including schizophrenia, Huntington’s 
disease, Alzheimer’s, and Parkinson’s disease [12]. Other 
advances include the understanding and treatment of breast 
cancer, tuberculosis, multiple sclerosis, and childhood leu-
kemia [12]. The pathological processes involved in ARONJ 
involve multiple tissues including bone, the oral mucosa, 
and the vasculature. It is therefore reasonable to assume 
that major future advances in the diagnosis, treatment, and 
prevention of ARONJ will also arise as a result of studies in 
living animals containing the multiple cell and tissue types 
involved and functioning in their natural relationships. 

Fig 7-2a–b Hematoxylin and eosin stained histological sections of mandibular extraction sites 4 weeks after extraction [8].
a Zoledronic acid-treated rat showing necrotic bone and inflammatory cell infiltrates.
b Control rat showing normal healing of the extraction site.

(Images with kind permission from the Journal of Cranio-Maxillo-Facial Surgery, Elsevier).

a b
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successful studies in rodents and unsuccessful human trials, 
only the drug periostat (doxycycline hyclate), a nonspe-
cific MMP inhibitor, has actually been approved for clinical 
use [15].

With these historic advantages and disadvantages as a back-
ground, the careful and measured use of small animal mod-
els in ARONJ research would still seem to be the model of 
choice, depending on the type of research question.

5  Controversies concerning small animal models 
of ARONJ

Although there are many studies regarding the effect of 
antiresorptive agents (AR) and the development of osteo-
necrosis of the jaws, controversy still continues about the 
use of animal models. The main controversial topics can be 
listed as follows: age and sex of the animals; application 
route; dosage and duration of AR; and concomitant inter-
ventions. Several authors have noted ARONJ-like lesions 
with a variety of protocols, but the reproducibility of these 
lesions are uncertain. Some authors attempted to achieve 
ARONJ-like lesions via single administration of AR with or 
without adjuvant agents and noted different rates of necro-
sis development. On the other hand, repeated systemically 
administered AR has also been investigated. These too pro-
duced various rates of necrosis. Explanations of these dif-
ferences have been attributed to the surgical interventions, 
however, it should be noted that the total administered drug 
dosage is also likely to have been a crucial element. 

Jaw bones are reported to have a unique structure that 
undergoes a high intracortical remodeling rate of approxi-
mately 20 times the rate of remodeling of the iliac crest [16]. 
For this reason, dogs and primates are thought to be good 
animal models for ARONJ because of their capacity for in-
tracortical bone remodeling. Unfortunately, ethical issues 
and the high expenses associated with large animal models 
such as dogs and primates restrict the use of these animals. 
To mitigate this problem, several attempts were made to 
stimulate intracortical bone remodeling in rodents by using 
ovariectomy, but the results were unpredictable [6,�17–19]. 
Recently, Kim et al tried to achieve a reproducible ARONJ 
model with ovariectomy but their study produced rats where 
only 77.8% exhibited ARONJ in the ovariectomized group 
versus 47.2% exhibiting ARONJ in the simulated surgery 
group [20].

Injection route is another concern for animal studies. Sev-
eral investigators have studied ARONJ with subcutaneous, 
intraperitoneal, intravenous, and also with oral administra-
tion routes for drug delivery [6,�21–23]. The outcome of these 
studies suggests that the intraperitoneal and intravenous 
routes are the most reliable [6,�23]. In addition to administra-
tion method, dosage and duration of exposure to the drugs 
are also important issues. High doses of AR can lead to sys-
temic toxicity that will undermine the reliability of the stud-
ies. Therefore, the dosages should be tested for systemic 
toxicity by examining the histopathology of tissues such as 
the kidney and liver. Wounding, steroid injection, vitamin 
D deficiency, and other chemotherapeutic agents were also 
tested as concomitant aids in the production of ARONJ mod-
els. These modalities, however, were not widely accepted. 
The exception, however, is tooth extraction. Recent studies 
clearly show that tooth extraction is a triggering event for 
the development of ARONJ-like lesions in small animal 
models [6].

6  Differences between small animal models 
of ARONJ

There are several studies regarding the development of 
ARONJ-like lesions in animal models. It should be kept in 
mind that an animal model should be genetically similar to 
humans in order to mimic the initiation and progression of 
the disease. As mentioned in a previous section, mice and 
rats have now had their genomes mapped. The genetic sim-
ilarity of rats and mice to humans are both above 95% [24].

Rice rats were one of the earliest animal models for the 
evaluation of the effects of antiresorptive agents. Gothcher 
et al used periodontal ligating for a periodontal bone loss 
model and noted reduced vascular space and increased fi-
brosis following AR administration [25]. Although the authors 
did not intend to investigate ARONJ, their result was one 
of the earliest signs that oral manipulation could lead to 
bone necrosis. A study by Sonis et al is considered a hallmark 
for the use of small animal models of ARONJ and clearly 
showed that trauma is an essential trigger event for the 
development of ARONJ-like lesions in rats [21]. Sonis et al 
used 3-month-old rats with three subcutaneous zoledronic 
acid injections at a dose of 7.5 µg/kg along with 1 mg/kg 
dexamethasone (DX) at 7,14, or 21 days. The authors also 
performed tooth extractions following drug administration. 
Despite the importance of this study, the drug dosage and 
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7 Consideration of scale when using animals

Although rodents are widely studied models for ARONJ 
development, the small jaw size may influence optimal study 
design. The smaller jaw size, small oral cavity, as well as 
smaller tooth size and reduced bite forces can impact the 
results and limit the translational benefits to humans. For 
example, tooth extraction of such small teeth in the oral 
cavity of a rodent is challenging. It is therefore important 
that tooth extraction be performed by experienced research-
ers to avoid fracturing of the root tips or excessive trauma 
leading to inaccurate evaluation of the healing socket. In 
addition, one of the clinical definitions of ARONJ requires 
unhealed exposed bone with mucosal ulceration. Such iden-
tification can be underestimated on gross examination of 
such a small area of tissue, especially when only a single 
tooth is extracted, which in this way can also impact the 
results. Research would benefit from the standardization of 
a small animal model of ARONJ based on criteria established 
and agreed upon by researchers, clinicians, and pathologists 
working in this area.

8 Conclusion

The discussion in this chapter supports the vital role that 
small animal models play in the advancement of our knowl-
edge of ARONJ. Understanding of the strengths and limita-
tions of these model systems, however, is an essential  
requirement for the interpretation of study results as we 
move forward toward new treatments that circumvent the 
devastating clinical manifestations of ARONJ.

necrosis rates were considered controversial in their study. 
Senel et al proposed a different dosage of three injections 
of ZA in one week of 0.1 mg/kg for 6 weeks without any 
surgical intervention or concomitant drug administration 
and found only inflammatory changes [26]. Later, this study 
group tried the same dosage with surgical intervention and 
achieved 66% ARONJ and noted tooth extraction is an  
essential step for ARONJ development in rats [27]. Finally, 
Howie et al reported using a protocol including repeated 
trauma to produce ARONJ-like lesions in rats [6]. In this 
study, the authors used retired-breeder female Spraque-
Dawley rats for intravenous ZA injection at a dose of 80 µg/
kg for 13 weeks. In this model, tooth extraction was re-
peated at 13 and 14 weeks. This protocol produced 100% 
ARONJ-like lesions in this model. In this same study, the 
authors also investigated the systemic toxicity of the drug. 
Their results revealed no systemic toxicity at that dosage. 
Both of these results suggest that their protocol is a reliable 
model for ARONJ induction. The Howie et al study also 
reviewed the various studies using rats as models for ARONJ. 
Together, these studies support the widely accepted view 
that small animal models are useful and effective tools for 
ARONJ research as long as careful consideration is given to 
the age, dosage, and surgical interventions employed.
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1 Introductory questions

In this final chapter, three questions are raised and discussed:
•	 Can antiresorptive drug-related osteonecrosis of the 

jaw (ARONJ) be related in large animals?
•	 Are animal models really necessary?
•	 What are the advantages of using large animals versus 

rodents?

2 Introduction

Preclinical studies play an essential role in scientific advance-
ment. Although small animals, such as mice and rats, are 
the most commonly used preclinical model, there is an im-
portant role for large animal models [1]. In most scenarios, 
results from rodent studies often need to be reproduced in 
a larger animal model for the findings to advance along the 
research pipeline. All preclinical model systems have 
strengths and weaknesses, and in most instances, no one 
model works best. Although the majority of work in ARONJ 
has been undertaken using rodents, important studies and 
advancements have also been made utilizing large animal 
models [2].

3  Advantages and disadvantages of large animal 
models

Large animal models, including rabbits, dogs, pigs, sheep, 
and nonhuman primates, have several important strengths 
as an animal model for skeletal biology in general, and 
ARONJ specifically. Anatomically, the jaw and teeth of sev-
eral large animals closely resemble those of humans. This 
is in contrast to rodents, which have several sets of molars 
along with continuously erupting incisions [3]. There is a 
practical advantage of large animals when it comes to surgi-
cal manipulation associated with ARONJ studies. The larger 
structure that accompanies a large animal makes dental 
extraction somewhat easier, and more traditional, compared 

to smaller animals. The oral microflora of large animals has 
also been shown to more closely mimic human microflora 
compared to rodents [4–6].

In humans, dynamic bone cell activity occurs within four 
different envelopes: periosteal, endocortical, trabecular, and 
intracortical. Rodents (both mice and rats) undergo activity 
on the first three, but lack intracortical remodeling. Larger 
animals, rabbits, pig, sheep, dogs, and nonhuman primates 
all experience intracortical remodeling. Intracortical remod-
eling results in larger animals having a distinctly different 
bone structure at the micro and nanostructure levels com-
pared with rodents. The presence of osteons (Haversian 
systems) provides regional heterogeneity in mineral, col-
lagen, and water in large animals as exists in humans. 

A less appreciated difference between small and large animals 
in research that has particular implications for ARONJ is 
the difference in pharmacological dosing. The metabolic rate 
of rodents is considerably higher than in larger animals (and 
humans) and thus the pharmacokinetics of drugs is cer-
tainly different. This makes it challenging to determine the 
“clinically-relevant” dose of a drug among species and often 
makes it difficult to know the role of dose on a particular 
outcome. For orally delivered drugs, gavage is needed in 
smaller animals (which can produce significant stress and 
the associated physiological changes) while in larger animals, 
traditional oral dosing via tablet/oral suspension is possible.

Although there are several advantages in large animal  
modeling for skeletal biology research, some disadvantages 
also exist. Larger animals require a level of housing that 
may not be possible at all institutions, and there are associ-
ated costs that can be prohibitive for large scale studies. 
Related to this, experiment duration is often lengthened 
due to the slower rate of the remodeling cycle in large ani-
mals (ranging from 2–6 months) as compared with rodents 
(typically < 1 month). Thus, while it may be possible to 
study several combinations of treatment/timeframes in a 
rodent study, it is often necessary to limit group numbers, 
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group sizes, or study duration in large animal studies. The 
care and use regulations that oversee animal usage are much 
more extensive for larger animals as compared with rodents, 
and there is also a difference in public perception regarding 
the treatment of larger animals involved in research. Fi-
nally, a large body of work does not exist, nor is there the 
same level of research tools (genetic manipulation) for large 
animals, although the advancement of clustered regularly-
interspaced short palindromic repeats (CRISPR) technology 
may solve the latter.

4 The use of large animals in ARONJ research

4.1 Göttingen minipigs
The Göttingen minipig model was established in 2012. The 
minipigs (2-year-olds, average weight 38 kg) received week-
ly zoledronate (ZOL) infusions (2 mg in saline solution, 
equivalent to 0.05 mg ZOL/kg body weight, comparable to 
the human dose, although on a more aggressive dosing 
schedule). Tooth extraction (6 teeth in each animal) was 
performed after six ZOL administrations, and ZOL infusions 
were continued for 10 weeks. The jaw bones were har-
vested and analyzed with computed tomography and histol-
ogy. Each animal that received ZOL developed the typical 
signs of jaw bone necrosis with exposed bone in at least 

three of the six tooth extraction sites (Fig 8-1), while in the 
control group, no bone exposure was found. Radiologically, 
the alveolar defects were not replaced by cancellous bone 
formation in 27 of the 30 extraction sites, and cortical con-
solidation was observed in only 19 of 30 sites. Typical his-
topathological signs of bone necrosis (nonvital bone, with 
rough margins and empty lacunae, no osteocytes) were 
detected in all but one extraction site (29/30). This study 
illustrated that jaw bone necrosis could be induced in the 
minipig model using bisphosphonates (BPs) [4].

In a second study with minipigs, osteonecrosis could be 
reliably induced. Furthermore, a dose dependency was ob-
served with more severe ARONJ stages under higher ZOL 
dosages (unpublished results). Under higher BP dosages, 
ARONJ occurred more frequently in areas with no tooth 
extractions but with chronic infections.

Göttingen minipigs have a nonseasonal oestrus cycle, a char-
acteristic decrease in bone mineral density following estro-
gen deficiency, and bone turnover parameters that all sim-
ilarly exist in humans. With a skeletal biology that closely 
mimics humans, the finding of jaw bone necrosis with BP 
treatment makes this a promising candidate that will allow 
the interplay of drugs and bone turnover to be modeled and 
analyzed [4]. 

Fig 8-1a–d Intraoral views of a minipig 10 weeks after tooth extractions. Uneventful wound 
healing occurred in the control group: mandible (a) and maxilla (b). In contrast, animals in the 
bisphosphonate group showed impaired healing and exposed bone: mandible (c) and maxilla (d) [4].

(Images with kind permission from Bone journal, Elsevier).

a

c d
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one animal in the control group had to be excluded. Nev-
ertheless, even though this ewe had complete wound closure 
at the extraction site, it spontaneously developed other  
regions of exposed bone and a large sequestrum with ab-
normal tooth mobility.

Being an established model for oral implantology, bone aug-
mentation procedures, and fracture healing, the sheep 
model encourages new studies in these fields enabling eval-
uation of the influence of ZOL [7,�8].

4.3 Dogs
The emergence of ONJ (as it was called at the time) in 
2003/2004 coincided with a research study in which beagles 
were being treated for up to 3 years with oral doses of BPs. 
The initial investigative approach was built on work from 
the 1960s in which matrix necrosis (that is, loss of osteocyte 
viability and canaliculi patency) could be assessed with basic 
fuchsin staining. Portions of the mandibles from vehicle and 
BP treated animals (alendronate, both at a clinical dose and 
a 5x clinical dose) were isolated and stained with fuchsin. 
Following processing of the tissue down to microscopic slides, 
the tissues were examined for signs of necrosis. While there 
was no sign of any necrotic regions in the vehicle treated 
animals, a significant number of the BP treated animals had 
focal regions of nonviable bone. These ranged in size and 

4.2 Sheep
Sheep are docile and easy to house, and they have cortical 
and trabecular remodeling cycles and other conditions that 
are comparable to the human, such as body size, weight, and 
bone remodeling rates. In establishing a sheep model, 0.075 
mg ZOL/kg body weight was infused every third week for 
15 weeks before and after extraction of two lower premolars 
(Fig 8-2). All four animals in the study groups developed 
ARONJ in all extraction sites and the additional periodontal 
regions of exposed bone, whereas the animals of the control 
group had uneventful wound healing. These findings were 
confirmed with µCT, zero echo time MRI, and histology. 
Interestingly, in sheep treated with ZOL, massive perios-
teal thickening arose around the extraction sites [7,�8]. 

The same protocol was conducted in a group of sheep after 
osteopenia induction using an established protocol with 
ovariectomy, low calcium diet, and intramuscular admin-
istration of glucocorticoids. Unfortunately, two of the animals 
in the study group were lost before the operative procedure 
due to poor general health conditions. The remaining animals 
developed exposed bone at all extraction and several other 
sites, while the animals of the control group had unevent-
ful wound healing with complete mucosal closure and new 
bone formation of the extraction sockets. Because of one 
accidental dose of ZOL during the tooth extraction procedure, 

Fig 8-2a–b An ARONJ lesion with purulent drainage after the extraction of two lower premolars 
in a sheep (a). Spontaneous open bone in the maxilla of the same sheep (b).

a b
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location, and were not present in all animals (although a 
comprehensive evaluation of the entire mandible was not 
undertaken). These results occurred in the setting of sig-
nificant remodeling suppression, as BP treated dogs had 
intracortical remodeling rates that were 75% lower than 
controls. Based on these findings, the working hypothesis 
emerged that intracortical remodeling suppression in BP 
animals was leading to the accumulation of nonviable bone 
and, if additional insult was imparted on a nearby area, that 
this could start the sequelae of events that culminate in 
overt ARONJ [9,�10]. 

Follow-up studies were designed to explore the utility of the 
dog as a model for ARONJ. In short-term (3 month) studies, 
overt exposed bone was noted in one BP treated animal 
following dental extraction. The site eventually formed a 
sequestrum and then healed. Under the assumption that 
longer term exposure to BPs, or the combination of BPs and 
dexamethasone (as was successfully recapitulating ARONJ 
in rodents at the time) would expand the ability to produce 
exposed bone, a study was designed in which animals were 
treated for 9 months prior to dental extractions. There were 
no cases of exposed bone in this study although there were 
a number of treated animals that failed to properly heal at 
the extraction sites, based on CT assessment [11].

It is worth taking a step back and thinking about the appar-
ent dichotomy between rodent and large animal studies. 
Although the large animals previously described have been 
shown to develop ARONJ in some cases/experiments, it is 
nowhere near the incidence rate commonly found in rodent 
papers (in which anywhere from 50–100% of animals get 
ARONJ). As outlined in the section describing the advan-
tages and disadvantages of large animal models, there are 
a number of potential explanations. As the field moves for-
ward it will be important to understand the underlying 
mechanism to explain these findings. Most importantly 
however, it will be necessary to utilize both small and large 
animal models to make progress in the field of ARONJ.

5 Microvascular possibilities and limitations?

Treatment strategies for manifest ARONJ have been chang-
ing over recent years. While the first guidelines suggest a 
strictly conservative approach with antibiotics and mouth 
rinses [12], more recently, an early surgical approach with 
complete removal of the necrotic bone and safe primary 
wound closure is favored by a growing number of clinicians 
[5,�13–15]. However, even though patients can be released 
from open necrotic bone, functional reconstruction remains 
a challenge after the resection of the necrosis. In many pa-
tients, the retention of cover dentures is objectionable and 
endosteal implantation is regarded as hazard for the devel-
opment of new ARONJ lesions. Bone augmentation after 
resection and healing of ARONJ seems to be one of the next 
major challenges.

Lesions from ARONJ emerge more frequently in the man-
dible, and large lesions can lead to pathological fractures. 
Especially when these lesions progress from the alveolar 
crest to the border of the mandible, they can be regarded as 
defect fractures. Treatment of the pathological fractures of 
patients undergoing BP treatment is still an unsolved issue 
[16].

Microvascular anastomosed bone transplants are usually 
preferred in areas with impaired wound healing. Several 
case reports refer that after resection of ARONJ, jaw conti-
nuity had been successfully reconstructed using fibula grafts 
[17]. Nevertheless, the donor site morbidity is considerably 
higher than in nonvascularized bone grafts.

Only a few studies have been published using microvascular 
bone transfer for mandible reconstruction [18]. After an 
anatomical study of the vascularization of the minipig’s  
iliac crest, Schmelzeisen et al published several articles on 
the transplantation of vascularized iliac crest bone grafts to 
the mandible of Göttingen minipigs [19]. Although a constant 
vascular supply to the graft was restored in these animals, 
new bone formation was delayed, and the major part of the 
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6 Conclusion

Antiresorptive drug-related osteonecrosis of the jaw can be 
reliably and reproducibly related in large animals. Due to 
the fact that the anatomy and bone physiology of large 
animals resemble their human counterparts more closely 
than small animals such as rodents, these larger animal 
models are very important in getting greater insight into 
the pathophysiology of this disease. Furthermore, improve-
ment in ARONJ treatment and prophylactic measures con-
tinue to be investigated.

bone marrow was necrosed. The vascularized femoral flap 
has been the focus of a number of publications on recon-
struction of mandibular defects in pigs and was shown to 
have less bone resorption than nonvascularized transplants 
[20]. Prefabricated vascularized bone grafts using recombinant 
osteogenic protein-1 have also been used in pigs. In dogs, 
the harvest of fibular bone grafts has been described and 
reconstruction of radiated mandibles with microvascular 
anastomosed composite rib grafts has been carried out suc-
cessfully [21,�22].

Bone and fracture healing using microvascular bone transfer 
is thought to be one of the next steps in ARONJ large animal 
research, however, to the authors’ best knowledge, due to 
the complex nature and high costs of large animal models, 
it is yet to have been conducted.
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An association between antiresorptive therapy and 
osteonecrosis of the jaws (ONJ) was first described in 
2003. As we unravel the many biologic processes and risk 
factors associated with this condition, numerous terms 
have emerged to describe it, including bisphosphonate-
induced ONJ (BIONJ), bisphosphonate-related ONJ 
(BRONJ), antiresorptive-induced ONJ (ARONJ), 
antiresorptive-associated ONJ (ARONJ), medication-
related ONJ (MRONJ), and antiresorptive drug-related 
ONJ (ARONJ), which is now the primary term used in 
this book. ARONJ is a significant concern owing to its 
unknown pathophysiology, lack of established management 
regimens, and because of the millions of patients currently 
taking antiresorptive agents. While it has now been more 
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than a decade since the first report of osteonecrosis 
associated with bisphosphonates, the pathophysiology  
has still not been determined.

While the mission of this book is to provide contemporary 
evidence and insight into ARONJ, the ultimate goal is 
to provide the best care for our patients. The various 
terminologies used by the experts that author this book 
reflect the challenges we continue to face as researchers 
and clinicians in understanding the pathogenesis, risk 
factors, diagnosis, and management of this condition. We 
are fortunate to have internationally acclaimed authors 
involved in this project, and they are to be applauded for 
their time and effort in contributing to this book.
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