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ABSTRACT 

This work provides a systematic review of the literature from January 2003 to April 2014 pertaining to the incidence, 
pathophysiology, diagnosis, and treatment of osteonecrosis of the jaw (ONJ), and offers recommendations for its management 
based on multidisciplinary international consensus. ONJ is associated with oncology-dose parenteral antiresorptive therapy of 
bisphosphonates (BP) and denosumab (Dmab). The incidence of ONJ is greatest in the oncology patient population (1 % to 15%), 
where high doses of these medications are used at frequent intervals. In the osteoporosis patient population, the incidence of ONJ is 
estimated at o.oont, to 0.01%, marginally higher than the incidence in the general population (<0.001%). New insights into the 
pathophysiology of ONJ include antiresorptive effects of BPs and Dmab, effects of BPs on gamma delta T-cells and on monocyte and 
macrophage function, as well as the role of local bacterial infection, innammation, and necrosis. Advances in imaging include the use 
of cone beam computerized tomography assessing cortical and cancellous architecture with lower radiation exposure, magnetic 
resonance imaging, bone scanning, and positron emission tomography, although plain films often suffice. Other risk factors for ONJ 
include gtucocorticoid use, maxillary or mandibular bone surgery, poor oral hygiene, chronic inflammation, diabetes mel!itus, ill
fitting dentures, as well as other drugs, including antiangiogenic agents. Prevention strategies for ONJ include elimination or 
stabilization of oral disease prior to initiation of anti resorptive agents, as well as maintenance of good ora I hygiene. In those patients 
at high risk for the development of ONJ. including cancer patients receiving high-dose BP or Dmab therapy, consideration should be 
given to withholding antlresorptive therap�following extensive oral surgery until the surgical site heals with mature mucosal 
coverage. Management of ONJ ls based on the stag"' of the disease. size of the lesions, and the presence of contributing drug therapy 
and comorbidity. Conservative therapy includes topical antibiotic oral rinses and systemic antibiotic therapy. Localized surgical 
debridement is indicated in advanced nonresponsive disease and has been successful. Early data have suggested enhanced osseous 
wound healing with teriparatide in those without contraindications for its use. Experimental therapy includes bone marrow stem cell 
intralesional transplantation, low-level laser therapy, local platelet-derived growth factor application, hyperbarlc oxygen, and tissue 
grafting. e 2014 American Society for Bone and Mineral Research. 
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Introduction 

T
his work provides a systematic review of the literature and
international consensus on the classification, incidence, 

pathophysiology, diagnosis, and management of osteonecrosis 
of the jaw (ONJ) in both oncology and osteoporosis patient 
populatlons. Resulting recommendations for the diagnosis and 

management of ONJ are also presented. This review updates 
previous systematic reviews and consensus statements regard
ing the management of ONJ.<1,2J
Bisphosphonate (BP)-associated ONJ is delined by the 
American Society for Bone and Mineral Research (ASBMR) as 
an area of exposed bone in the maxillofacial region that does 
not heal within 8 weeks after identification by a health care 
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provider, in a patient who was receiving or had been exposed 
to a BP and who has not received radiation therapy to the 
craniofacial region.13> The American Association of Oral and 
Maxillofacial Surgeons (AAOMS) has recently (2014) updated 
their definition of medication-related ONJ to (1) current or 
previous treatmeot 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; and (3} no history of 
radiation therapy to the jaws or obvious metastatic disease to 
the jaws.141 

The International Task Force on Osteonecrosis of the Jaw 
(hereafter, this Task Force or the Task Force) defines ONJ as: (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: and (3) no history of 
radiation therapy to the craniofacial region. Early data suggest 
that antiangiogenic agents may contribute to the development 
of ONJ in the absence of concomitant BP therapy; the Task Force 
plans to address this in more detail in a subsequent document as 
more evidence emerges. 

Oral ulceration with bone sequestration 

The Task Force is also of the view that bone necrosis may 
occur in the absence of antiresorptive therapy, with 
attendant oral ulceration and bone sequestration (OUBS). 
However, such occurrences, typically associated with signifi
cant morbidity, are uncommon. OUBS was initially described 
as "lingual mandibular sequestration and ulceration" because 
of the predilection for involvement of the posterior lingual 
mandibular bone, but this terminology has been replaced by 
OUBS. The sequestrum can slough spontaneously, resulting in 
rapid resolution. However, in some cases, conservative 
surgical removal of the dead bone is indicated to permit 
efficient healing.<5-

7> The incidence of OUBS in the general 
population is not well defined. It is posfible that cases of 
OUBS may be captured in incidence data pertaining to drug
related ONJ. Currently, it is not known what proportion of the 
spontaneous sequestration cases persist beyond 8 weeks and 
there are no studies identifying the prevalence or incidence 
of OUBS. OUBS was not included in the main systematic 
review, which pertains to drug-related ONJ; however, this 
Task Force conducted a separate literature search on OUBS 
and, at the end of this document, has provided a summary of 
tl-\at ~P.arch as WPII a~ rnrrP.nt u~c:ommendations pertaining 
to diagnosis and management based on international 
consensus. 

Methods 

In January 2012, an International ONJ Task Force was formed 
with expertise from basic science and from multiple medical, 
dental, and surgical specialties. There was representation from 
14 national and international societies addressing bone health 
(The sponsoring societies are the American Society of Bone and 
Mineral Research, American Association of Oral and Maxillofacial 
Surgeons, Canadian Association of Oral and Maxillofacial 
Surgeons, Canadian Academy of Oral and Maxillofacial Patholo
gy and Oral Medicine, European Calcified Tissue Society, 
International Bone and Mineral Society, International Society 
of Clinical Densitometry, International Osteoporosis Foundation, 
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International Association of Oral and Maxillofacial Surgeons, 
International Society of Oral Oncolbgy, Japanese Society for 
Bone and Mineral Research, Osteoporosis Canada, Pan Arab 
Osteoporosis Society and The Endocrine Society). The Task Force 
formalized nine key questions to be addressed relevant to the 
diagnosis and management of ONJ in oncology a.nd osteoporo
sis patient populations (Supporting Table S 1 ). A systematic 
review of published literature was completed based on these 
key questions. A search strategy was developed by combining 
medical subject headings and/or text words from four 
categories: interventions (BPs and denosumab); population 
(oncology and osteoporosis}; areas of interest for the review 
(classification, diagnosis, incidence, risk factors, treatment); and 
outcome (osteonecrosis of the jaw). All searches were limited to 
human studies published in the English language and excluded 
reviews, editorials, and letters. The electronic search was 
conducted in Medline (January 1, 2003 to April 10, 2014) and 
EMBASE (January 1, 2003 to April 10, 2014) using OVID (see 
Supporting Table $2 for search strategies). The results from both 
databases were combined and duplicates excluded. The 
Cochrane Database of systematic reviews was also searched 
for applicable references. A manual search of the bibliography of 
identified published articles was also performed. In order to 
obtain additional unpublished data, personal communication 
with relevant experts was conducted and pharmaceutical 
companies were invited to submit relevant information. A total 
of 46 records were included from manual searches and expert 
communication. The total number of references were reviewed 
was 933 and from these, 599 papers were reviewed in full (see 
Supporting Fig. S1 for articles reviewed and retained for each of 
the nine questions). 

The published literature was critically appraised and graded 
based on quality of evidence (see Supporting Table 53 for 
Level of Evidence scales and Supporting Tables S4 and SS for 
Evidence Grades, respectively). All assessments were made in 
duplicate with disagreements discussed between reviewers 
until consensus was achieved. If no consensus was possible, a 
third reviewer would have provided the final decision. 
However, adjudication by a third reviewer was not necessary 
in any instance. 

The key questions and a summary of the current evidence 
were reviewed in detail by the ONJ Task Force at an in
person meeting in October 2012. The panel members were 
divided into subgroups, with each subgroup being respon
sible for responding to a specific question, each represented 
in a sect.ion of this systematic review. Each subgroup 
cornmui,icated electronically, and regularly scheduled con
ference calls were implemented in order to address points of 
controversy in order to arrive at consensus. The co-chairs 
reviewed the sections from each of the subgroups and 
completed the manuscript. The manuscript was circulated to 
the Task Force and was modified until consensus was 
achieved on each of the sections; there were a total of 21 
circulations and manuscript revisions. A se(Ond in-person 
meeting occurred in October 2013, followed by teleconfer
ences to ensure that all recommendations had consensus 
agreement. Consensus was not achieved regarding appro
priate terminology for staging of ONJ because of limited 
availablP pro~r,ective data. After approval by each of the 
supporting societies, the manuscript was finalized. Funding 
and in-kind support for the ONJ Task Force has been received 
solely from the sponsoring societies; industry support was 
not requested nor received. 

fournal of Born, 3nd Miner.ti Rcse.arch 



This guideline will be updated every 5 years or as required 
using the same criteria outlined above. 

Results and Discussion 

Supporting Table S6 provides the key recommendations with 
their supporting levels of evidence. 

1. How i.s ONJ defined, and staged? 

As noted in the Introduction, this Task Force defined ON_J as (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; and (3) no history of 
radiation therapy to the craniofacial region. 

The first report describing ONJ was published in 2003,lSl and 
the first peer-reviewed article describing ONJ was published by 
Ruggiero and colleagues(~> in 2004. ln 2007, the definition of ONJ 
was formalized by AAOMS110> and further clari fied by the 
ASBMR13> as ·area of exposed bone in the maxiilofacial region 
that did not heal within 8 weeks after identification by a health 
care provider, in a patient who was receiving or had been 
exposed to a BP and had not had radiation therapy to the 
craniofaciai region." 

Recently, ONJ has been identified in BP-na'ive patients 
receiving denosumab (Dmab),'11

-
141 which necessitated accom

modation of Dmab in the definition. Emerging data has also 
suggested an association between antiangiogenic agents and 
the development of ONJ and a subsequent paper is planned to 
address this as more data emerge. 

Diagnosis 

The differential diagnosis of ONJ includes other previously
defined clinical conditions such as alveolar osteitis, sinusitis, 
gingivitis/periodontitis, periapical pathosis, and some forms of 
cement-osseous dysplasia showing secondary sequestration. 
Bone inflammation and infection are usually present in 
patients with advanced ONJ, and appear to be secondary 
events. 

In a Beagle model with increasing doses of BPs, regions of 
matrix necrosis increased in size and number with no evidence 
of infection or microbial colonization initially, but after time, 
exposed bone and surrounding soft t issue became secondarily 
infected resulting in a clinical picture similar to osteomyelitis.'151 

However, the histologic analyses of these bone specimens rarely 
demonstrated the criteria required to establish a diagnosis of 
acute or chronic osteomyelitis (typical histologic findings 
include regions of nonviable bone with surrounding bacterial 
debris and inflammatory cell infiltration). Analyses of the 
physical properties of resected necrotic bone from ONJ patients 
have also failed to demonstrate any unique features that would 
serve as a reliable biomarker for ONJ.116•171 

Patient history and clinical examination remain the most 
sensitive diagnostic tools for ONJ. A clinical finding of exposed 
bone in the oral cavity for 8 weeks or longer in the absence of 
response to appropriate therapy is the consistent diagnostic 
hallmark of ONJ. 

Areas of exposed and necrotic bone may remain asymptom
atic for prolonged periods of weeks, months, or even years.111> 
These lesions most frequently become symptomatic with 
inflammation of surrounding tissues. Signs and symptoms 
may occur before the development of clinically detectable 

osteonecrosis and include pain, tooth mobility, mucosal 
swelling, erythema, ulceration, paresthesia, or even anesthesia 
of the associated branch of the trigeminal nerve.08•19> Some 
patients may also present with symptoms of altered sensation in 
the affected area because the neurovascular bundle may 
become compres~_ed from the surrounding inflamrnation.120-21> 

These features may occur spontaneously or, more commonly 
following, dentoalveolar surgery. The vast majority of case series 
have described ONJ occurring at sites of prior oral surgery, 
particularly at extraction sites.<22

-
291 Exposed bone has also been 

reported as occurring spontaneously in the absence of prior 
trauma or in edentulous regions of the jaw or at sites of 
exostoses in oncology patients. lntraoral and extraoral fistulae 
may develop when necrotic mandible or maxilla becomes 
secondarily infected.130> Chronic maxillary sinusitis secondary 
to osteonecrosis with or without an oral-antral fistula may 
be the presenting feature in patients with maxillary bone 
involvement.'311 

Staging 

Evidence identified for the staging ofosteonecrosis of the jaw is 
reviewed in Supporting Table A 1. Because there was so little 
evidence reviewed for the staging section, recommendations 
from this section should be considered consensus statements 
rather than evidence-based statements. 

The clinical staging system currently being used was 
developed by Ruggiero and colleagues132J and has been 
adopted by AAOMs.00

-
33> This system is of value in identifying 

the stage characteristics of the condition and providing 
appropriate terminology for diagnosis and management 
(Supporting Table S7). Patients with Stage 1 disease have 
exposed bone and are asymptomatic .with no evidence of 
significant adjacent or regional soft tissue inflammation or 
infection. Stage 2 disease is characterized by exposed bone 
with associated pain, adjacent or regional soft tissue 
inflammatory swelling, or secondary infection. Stage 3 
disease is characterized by exposed bone associated with 
pain, adjacent or regional soft tissue inflammatory swelling, 
or secondary infection, in addition to a pathologic fracture, an 
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. 

Nonspecific oral signs or symptoms not explained by 
common periapical or periodontal disease in the absence of 
clinically exposed bone may develop in patients in the presence 
or absence of antiresorptive therapy. These symptoms include 
bone pain, fistula track formation, abscess formation, altered 
sensory function, or abnormal radiographic findings extending 
beyond the confines of the alveolar bone. The term "Stage O" 
ONJ is used by AAOMS12> to refer to any or all of these symptoms 
or signs in patients on antiresorptive therapy. Members of this 
Task Force, however, expressed concern that the use of such 
Stage o terminology may lead to overdiagnosis of ONJ because 
these same presenting symptoms may ultimately lead to an 
alternative diagnosis. A recent study by Schiodt and col
leagues<34l concluded that the non-exposed variant of ONJ is the 
same disease as exposed ONJ and further recommended that 
the non-exposed disease could be classified as either Stage 1, 2, 
or 3, dependent on the underlying characteristics of the disease. 
The demographics of patients on antiresorptive medications 
overlap those of patients with chronic periodontal and 
periapical disease. Thus, many patients on antiresorptive 
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therapy will present to the dentist's office for common dental 
care. Overdiagnosing patients with ONJ could lead to detrimen
tal effects in their skeletal health, especially if modification or 
discontinuation of the anti resorptive medication is entertained. 

Odontalgia is caused by a number of conditions, necessitating 
careful exclusion. Radiographic findings of altered bone 
morphology, increased bone density, sequestration, or perios
teal bone formation in a patient with odontalgia may be early 
radiographic features suggestive of a prodromal phase of ONJ 
and such patients require close follow-up and monitoring by the 
oral health care provider (see Supporting Table S8). It appears 
from the limited data available that up to SO% of such patients 
may progress to the development of clinical ONJ with bone 
exposure.<19> Several members of the Task Force felt that this 
condition could be referred to as "preclinical ONJ." However, 
because at least 50% of these lesions do not progress to overt 
ONJ, the Task Force felt unable to unanimously support the 
designation "preclinical ONJ" as appropriate for this particular 
clinical manifestation until further prospective data become 
available. 

ONJ lesions occur more commonly in the mandible than the 
maxilla (65% mandible, 28.4% maxilla, 6.5% both mandible and 
maxilla, and 0.1 % other locations; see Supporting Table A2) and 
are also more prevalent in areas with thin mucosa overlying 
bone prominences such as tori, exostoses, and the mylohyoid 
ridge.<9.n.35> The extent of lesions can vary and range from a 
nonhealing extraction site to exposure and necrosis of large 
sections of the mandible or maxilla.1181 The exposed bone is 
typically surrounded by inflamed erythematous soft tissue. 
Purulent discharge at the site of the exposed bone is evident in 
the presence · of secondary infection.<36

'
37J Microbial cultures 

from areas of exposed bone usually isolate normal oral 
microbes.<3s,39> However, in the presence of extensive soft 
tissue involvement, microbial cultures may' identify coexisting 
oral pathogens and enable the selection of an appropriate 
antibiotic regimen. Interestingly, although ONJ is exclusive to 
the jaws by definition, it should be noted that osteonecrosis of 
the external auditory canal in patients on BP therapy has also 
been reported.<40- 46

> 

2. How common is ONJ? 

For the full review of evidence regarding the prevalence and 
incidence of ONJ in osteoporotic and oncology populations, 
please refer to Supporting Tables A3 and A4, respectively. 

2a. Osteoporosis 

There are very limited prospective cohort data evaluating the 
frequency of ONJ in the osteoporosis patient population, 
making it difficult to accurately evaluate its incidence. The 
published data evaluating the incidence of ONJ have largely 
been obtained from case-series, retrospective observational 
studies, or retrospective cohort studies, typically from pooled 
data from insurance or healthcare databases. Pooled data can be 
problematic in that search terms may not be specific to ONJ. 

Prevalence 

The prevalence of ONJ in patients prescribed oral BPs for the 
treatment of osteoporosis ranges from 0% to 0.04%, with the 
majority being below 0.001%.<47

-
57> The prevalence of ONJ in 

those prescribed high dose intravenous (i.v.) BPs is significantly 
higher than that zccn with low dose i.v. or or.ii BP~, with 
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prevalence rates of 0% to 0.348% and the majority being under 
0.005%.147.48,sR-f>Ol Felsenberg<61

> noted a prevalence of ONJ in 
patients treated with BPs for osteoporosis of< 111· 00,000. Lo and 
colleagues<52> evaluated the Kaiser Permanente database and 
found the prevalence of ONJ in those receiving BPs for more 
than 2 years to raQge from 0.05% to 0.21% a_nd appeared to be 
related to duration of exposure. In Canada, Khan and 
colleagues162> completed a survey of oral surgeons in Ontario 
and found the prevalence of ONJ in those on BPs to be 
approximately 0.001%. 

Barasch and colleagues124
> completed a case-control study and 

noted an association between oral BPs and ONJ with an odds ratio 
(OR) of 12.2 (95% confidence interval [Cl), 4.3 to 35). This study, 
however, included patients with cancer on oncologic doses of 
BPs, which likely increased the incidence of ONJ. Vestergaard and 
colleagues<63> evaluated jaw-related events in RP users with 
nonusers in a historical cohort study and noted a hazard ratio (HR) 
of 3.15 (95% Cl, 1 .44 to 6.87) with alendronate use. 

Incidence 

The incidence of ONJ in patients prescribed oral BPs for the 
treatment of osteoporosis ranges from 1.04 to 69 per 100,000 
patient-years.162

•
64

-
55

> The incidence of ONJ in patients 
prescribed i.v. Brs for the treatment of ONJ ranges from 0 
to 90 per 100,000 patient-years.<58

·
59

'
65

'
67

•
68

> Last, the incidence 
of ONJ in patients who are prescribed Dmab ranges from 0 to 
30.2 per 100,000 patient-years.<69- 72J In Australia, Mavrokokki 
and colleagues<54> conducted a national sur~ey and found the 
incidence of ONJ in osteoporotic patients receiving 8Ps to be 
0.01 % to 0.04%. However, in Sweden, Ulmner and col
leagues<66, surveyed oral surgery and dental clinics and 
estimated an incidence of 0.067%. Zavras and Zhum> 
evaluated medical claims in the United States and found no 
association between oral BP use and the risk of minor jaw 
surgery. However, in those receiving i.v. BPs there was a 
fourfold increased risk of minor jaw surgery, possibly reflecting 
an increased risk of ONJ. Similar findings were noted by 
Pazianas and colleagues.l74> 

In the Health Outcomes and Reduced Incidence with 
Zoledronic Acid Once Yearly (HORIZON) Pivotal Fracture Trial 
involving 7765 patients receiving either zoledronic acid 5 mg or 
placebo over 3 years, a single adjudicated case of ONJ was 
identified in each arm. Both patients had additional risk factors 
for ONJ (prednisone use in the patient receiving placebo and 
diabetes with dental abscess in the patient receiving zoledronic 
acid} and both resolved with antibiotics and debridement.l67

J 

The data from four additional randomized controlled trials 
(RCTs) evaluating S mg zoledronic acid were combined with the 
data from the HORIZON Pivotal Fracture Trial and the overall 
incidence of ONJ was reviewed.(7s> The additional trials included: 
the HORIZON Recurrent Fracture Trial with 2127 subjects after a 
recent low-trauma hip fracture followed for 1.9 years158J; the 
Glucocorticoid-lnduced Osteoporosis Trial involved 833 subjects 
and compared zoledronic acid 5 mg or risedronate 5 mg over 1 
year176>; the Male Osteoporosis Trial involved 302 subjects 
followed over 2 years receiving either zoledronic acid 5 mg 
annually or alendronate 70 mg orally weekly<m; and the 
Prevention of Osteoporosis Trial evaluated 581 subjects over 
2 years randomized to either zoledronic acid 5 mg annually 
versus placebo.178

) The combined adverse event database was 
searched for possible cases of ONJ using preferred Medical 
Dictio1,~ry for Regulatory Activities terms and no additional 
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cases of ONJ were identified in these four additional RCTs. In all, 
the incidence of adjudicated ONJ was < 1 in 14,200 patient 
treatment years with zoledronic acid 5 mg. 

In the completed Phase II and Ill clinical trials evaluating Dmab 
in the treatment of postmenopausal osteoporosis, no cases of 
ONJ were positively adjudicated in placebo-treated or Dmab· 
treated subjects after more than 16,000 patient-years of follow
up.<71,79-821 

In the extension of the Phase Ill clinical trial evaluating Dmab 
in postmenopausal women with. osteoporosis (FREEDOM 
extension), eight cases of ONJ were identified.'69> Four cases 
developed in the long-term treatment group with patients 
receiving 5 to 6 years of Dmab. Two of the four patients 
continued on Dmab. while two discontinued drug therapy. All 
cases that developed ONJ healed following treatment. ONJ 
developed in two patients receiving Dmab in the crossover 
extension study at 1 .S years and 2 years of exposure; one patient 
continued on Dmab, while the other discontinued therapy with 
both healing thereafter. In the seventh year of the FREEDOM 
extension trial, one additional case of ONJ was observed in the 
long-term study and one in the crossover study. All cases healed 
with conservative therapy (normal soft tissue covering previ
ously exposed bone). Three of these individuals stopped 
treatment, but one continued Dmab therapy without recurrence 
of ONJ. 

From the currently available data, the incidence of ONJ in the 
osteoporosis patient population appears to be very low, ranging 
from 0.1 5% to less than 0.001 % person-years of exposure and 
may be only slightly higher than the frequency observed in the 
general population. It will, however, be important to quantify 
this, identify those at a greater risk of ONJ, implement measures 
to further decrease the likelihood of ONJ developing in patients 
taking BP or Dmab therapy for osteoporosis. 

2b. Oncology 

In general, the oncology patient with bone metastases is 
exposed to more intensive osteoclast inhibition than those with 
osteoporosis and the incidence of ONJ is much higher. The 
majority of the cases of ONJ have occurred with the use of high
dose i.v. BPs in the oncology patient population. 

Data evaluating the incidence of ONJ in those with cancer 
include limited prospective studies as well as retrospective 
studies and case-series. 

Prevalence 

The prevalence of ONJ in oncology patients treated with i.v. BPs 
ranges from 0% to 0.186%. !47,s3 -1011 

Incidence 

The incidence of ONJ in oncology patients treated with i.v. BPs 
ranges from Oto 12,222 per 100,000 patient-years,114·23-62•65· 108- 1481 

and the incidence of ONJ in oncology patients treated 
with Dmab ranges from O to 2,316 per 100,000 patient
years, ( 14, 1,,0,.123,136, Mo-1,i2, 149! 

The Phase Ill, randomized placebo-controlled studies com
paring zoledronic acid 4 mg with Dmab 120 mg dosed monthly 
for the management of bone metastases have been pooled and 
analyzed for ONJ adverse events. In these studies, where 
counseling on oral health was provided, the incidence of ONJ 
was approximately 1 % to 2%. In these pooled studies of Dmab, 

in comparison to BPs, a similar or slightly higher numerical 
incidence of ONJ was seen with Dmab; but was not statistically 
significant.'

201 
Additional details of this study are outlfned 

below. and similar results have been noted in other 
studies. 04,26,2!1,120.12:,139, 149- J53J 

In patients w it!)·· cancer, the incidence of ONJ appears to 
be related to dose arid duration of BP or Dmab expo
sure.(50·105· 106·125> There Is considerable varia bility in the 

reported incidence and prevalence of ONJ occurrence 
in association with monthly administration of i.v. 
BPS. (26,28,29,65,83,85,99,103, 105-107, 109, 1 l 3,119,122,125,132, 139,1 so, 1 S4-l61) 

The incidence of ONJ in the oncology patient population 
may be affected by the type of malignancy being 
treated. r2s,6s,8S.99, 101.119, 1 n,, so. 154-156,159, 162! Confounding varia-

bles also include the use of other drugs that may also impact 
bone health, such as glucocorticoids, or antiangiogenic drugs, 
such as bevacizumab. Christodoulou and colleagues013> retro
spectively evaluated the incidence of ONJ among 116 patients 
receiving i,v. BPs. The prevalence of ONJ was 1.1 % for those on 
i.v. BPs alone; however, this increased to a prevalence of 16% in 
those on BPs in addition to antiangiogenic agents (bevacizumab 
and sunitinib). 

In a placebo-controlled trial in 1432 men with prostate cancer 
receiving androgen deprivation therapy (716 Dmab, 716 
placebo). there were 33 cases of ONJ in the Dmab arm 
(cumulative incidence 5%), and none in the placebo arm.11491 

This was a time-to-event (discovery of bone metastasis) study 
with some subjects followed up to 42 months. 

The incidence of ONJ has been reviewed in an integrated 
analysis of three clinical trials comparing Dmab 120 mg 
monthly to zoledronic acid 4 mg monthly in the prevention 
of skeletal-related events (SREs): pathological fracture; 
radiation therapy to bone; surgery to bone; and spinal 
cord compression.<261 These trials were in patients with 
breast cancer, prostate cancer, multiple rnyeloma, or solid 
tumors with bone metastases. Dmab use was associated with 
significantly fewer SREs in the breast and prostate cancer 
trials, Overall, in 5723 patients studied over approximately 
30 months, there were 89 ONJ cases: 52 in the Dmab arms 
{1.8%) versus 37 in the zoledronic acid-treated arm (1.3%). 
Although there were more ONJ cases in the Dmab-treated 
subjects, the difference was not statistically significant-the 
combined three trials had only sufficient power to detect a 
difference in relative risk of 76% between treatment 
arms,1152l 

In a recent meta-analysis of seven randomized controlled 
trials, Dmab was associated with an overall 1.7% risk of ONJ and 
an increased risk of developing ONJ in comparison to a 
combination of BP-treatment or placebo-treatment groups. 
However, the increased risk of ONJ with BP therapy alone was 
not statistically significant. At this time there are not enough 
data to determine if there is a difference in the risk of ONJ with 
high-dose Dmab therapy versus high-dose intravenous BP 
therapy.!163l Cessation of Dmab therapy may be associated with 
more rapid rate of resolution of ONJ than occurs with BPs; 
however, this requires further prospective study. 

3. Who develops ONJ? What are the risk factors and 
comorbidity? 

For a complete listing of the evidence reviewed for this topic, 
please refer to Supporting Table AS. A summary table of risk 
factors can be found in Supporting Table S9. 
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Epidemiological data on the prevalence and incidence of ONJ 
are limited and, when available, typically not based on 
prospective studies or population-based surveys. 

Significant risk factors for the development of ONJ in the 
oncology population, in declining order of importance, include: 
i.v. BPs (both dose of BP and duration of exposure impact ONJ 
risk)l241; zoledronic acid<83

• 
105·112·1 so. 1641; pamidronate11501: Dmab 

(from incidence and prevalence data); radiation therapyf24>; 
dental extraction124· 105· 150·161·165>; chemotherapy'841; periodontal 
disease1166>; oral BP use1241; osteoporosis<105J; local suppura
tion<24>; glucocorticoid therapyf1061; diabetes128l; denture 
use1150·165·1671; erythropoietin therapyl'06>; tobacco use128l; 
hyperthyroidism1281; renal dialysis1106>; cyclophosphamide ther
apy11 °61; etidronate<1681; and increasing age.1106· 161> 

Significant risk factors for the development of ONJ in the 
osteoporosis patient population, in declining order of impor
tance, include: suppurationf24>; BP use124>; dental extraction<24>; 
and anemia.1241 

Although Dmab was not identified as a risk factor in any of the 
searches, the data presented in the incidence and prevalence 
section would suggest that it is an additional risk factor, similar 
to BPs. It should be noted that both the BPs and Dmab are 
essentially included in the definition of drug-associated ONJ, so 
defining either as a risk factor for drug-related ONJ is 
methodologically pt=>riln11<;. HowP.vP.r, it is dear that both of 
these drugs increase the incidence and prevalence of ONJ in 
both osteoporotic and oncology populations, as described in 
section 2 (How common is ONJ?), and are thus strongly 
implicated as being risk factors for ONJ. 

4. Why does ONJ develop? 

The pathophysiology of ONJ is not well understood. Until 
recently, most studies addressed the potential role of BPs, but 
the knowledge that Dmab therapy also increases the risk of 
ONJ°3

•
69

l emphasizes the need to explore mechanisms 
common to both interventions. All of the evidence reviewed 
regarding the pathophysiology/etiology of ONJ is provided in 
Supporting Table A6. A summary of these data is provided in 
Supporting Table S10. 

Infection 

The sequence of events leading to the development of ONJ 
is unclear; in particular, it is unknown whether necrosis 
precedes or tallows infection. Dental disease is a well
established risk factor for ONJ,<35l implicating infection and 
inflammation in the pathogenetic process. Aggregates of 
bacteria and polymorphonuclear leukocytes are commonly 
seen in ONJ tissue and the presence of bacterial microfilms 
has been described in close association with active 
osteoclastic resorption on the bone surface.<38

•
166> Bacteria 

are known to stimulate bone resorption1169· 1701; hence, the 
microorganisms present may directly contribute to bone 
necrosis. In addition to preexisting dental trauma and 
disease, inhibitory effects of BPs on the proliferation and 
viability of oral keratinocytes<171 · 176> may further damage 
the integrity of the oral mucosa and increase the risk of 
infection. Activation by BPs of gamma delta T cells may 
stimulate the production of proinflammatory cytokines and 
later depletion of these T cells may impair the immune 
response to infi=><"tinn <177- 179J 

• 8 KHAN ET AL. 

Bone turnover 

Suppression of bone turnover may also play a role in the 
development of ONJ.1180·1811 The association ofONJ with potent 
antiresorptive drugs<62·691 and the increased risk with higher 
doses of BPs and Dmab would be consistent with this 
contention.114·~~·120> In Beagle dogs treated with high doses of 
BPs, areas of necrosis in the mandible sometimes develop, with 
nonviable osteocytes in the affected bone.l15

l However, low 
bone turnover is not characteristically seen in affected tissue 
from ONJ patients066l; furthermore, ONJ has not been reported 
in other conditions associated with low bone turnover. 

Vascularity 

RPs are known to have ;mtiangiogenic propE>rties'177-• 79J and it 
has been suggested that these may also contribute to the 
development of ONJ. ONJ has been described in several patients 
treated for cancer with antiangiogenic agents, in particular 
sunitinib1182l and bevacizumab}157

l although in these patients 
other risk factors were also present. Dmab is not known to have 
antiangiogenic effects, and normal vasculature has been 
reported in most histological studies of ONJ tissue.1166·183) 
Animal studies with BPs do not support any diminution of 
vascular volume with BP .idministrntion.0841 

Genetic predisposition 

Not all patients with similar comorbidities and similar medical 
management develop ONJ; hence, pharmacogenomics may 
influence the risk of developing ONJ. It has been suggested that 
polymorphisms in the farnesyl pyrophosphate synthase1185> or 
cytochrome P450 CYP2C8 genes1186' 1871 might predispose some 
individuals to develop ONJ. Genomewide association case
control studies have been performed in oncology patients and 
this is an area undergoing further exploration.°88·

189
l 

5. What is the role of imaging in diagnosis and 
management? 

The evidence reviewed for the imaging of ONJ can be found in 
Supporting Tabie A/. 

ONJ is a clinical diagnosis based on history and physical 
exam. Radiographic features of ONJ remain relatively nonspe
cific. Plain film radiography is usually unremarkable in the early 
stages of the disease because decalcification is limited.(190J The 
presence of localized or diffuse osteosclerosis or a thickening 
of the lamina dura on plain film imaging may predict future 
sites of exposed necrotic bone.'1901 Poor ossification at a 
previous extraction site may also be an early radiographic 
feature of ONJ. Findings on computed tomography (CD are 
nonspecific and may include areas of focal sclerosis, thickened 
lamina dura, early sequestrum formation, and reactive 
periosteal bone.1191 - 1941 CT imaging is of value in delineating 
the extent of disease and is helpful in planning surgical 
intervention.'192·195> Features noted on bone scanning include 
increased tracer uptake at sites that subsequently develop 
necrosis.1196> The utility of nuclear bone scanning in patients at 
risk of ONJ requires further study.096· 1971 

Imaging modalities used as adjunctive assessment in the 
evaluation of the ONJ patient may include plain radiographs, CT, 
magnetic resonance imaging (MRI), and functional imaging with 
bone scintigraphy and po!;itron emi!;sion tomography (PET). 
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Each one of these approaches has advantages and limitations. 
Supporting Figs. S2 and 53 provide clinical and radiographic 
images of patients with Stage 1 and 2 ONJ. respectively. Plain 
radiographs are often sufficient to support the diagnosis of ONJ 
for reasons described below, thus precluding the need for 
additional, more costly imaging procedures. However;advanced 
imaging may become necessary if the diagnostic information 
obtained via plain films is incomplete, 

Radiographs-intraoral and panoramic radiographs 

Jntraoral (periapical and bitewing) radiographs are easy to 
acquire, inexpensive, and deliver a low radiation dose. Images 
are of high resolution and are useful in assessing early features of 
ON.I, including thickening of the lamina dura, increased 
trabecular density of the alveolar bone, and widening of the 
periodontal ligament space.<•95> In addition, they provide useful 
information regarding the presence of carious lesions, peri
odontal disease, or periapical disease, which are all important 
risk factors for ONJ.!1991 

Panoramic radiographs are also of value and provide 
assessment of both arches. as well as adjacent anatomic 
structures including the maxillary sinus, nasal cavity, mental 
foramen, and mandibular canal. The typical radiographic 
findings of ONJ on intraoral and panoramic radiographs are 
increased trabecular density, incomplete healing of extraction 
sockets, sequestrum formation, thickening of the mandibular 
canal or sinus floor cortication, and periosteal bone 
formation.c:~o, 192,, 9s,200,201i 

lntraoral and panoramic projections are useful screening tools 
for assessing the presence of dental disease and the severity and 
extent of osteonecrotic changes, as well as for follow-up of 
patients with ONJ. However, it the diagnostic information is 
ambiguous or more detailed investigation of the dental and 
osseous health is required, more advanced imaging is necessary 
as described in the following sections. 

CT and cone beam CT 

CT has clear advantages over 2D imaging in characterizing the 
features of ONJ. The cortical and trabecular architecture of the 
maxilla and mandible can be evaluated as well as the presence 
of periosteal bone reaction, presence of sequestrum, and 
integrity of adjacent vital structures, allowing for earlier 
detection of ONJ lesions.093•200l 

Common CT findings in ONJ patients include diffuse 
osteosclerosis, areas of osteolysis, cortical erosion, increased 
periosteal bone formation, and sequestration. Potential fistula 
track formation and incomplete extraction socket heallng may 
be seen.<30•200-

203
> Typically, these radiographic changes extend 

beyond the clinically exposed bone areas. In early stages of ONJ, 
increased trabecular density may not be detected on panoramic 
radiographs but may be seen on CT.12041 CT radiographic 
findings may underestimate the extent of bony changes as 
assessed during surgery.<1931 CT may demonstrate radiographic 
evidence of altered bone architecture at the symptomatic site 
and aid in disease diagnosis.M0,2051 Radiographic features of 
osteosclerosis can be seen in the absence of clinically exposed 
bone.1381 and in individuals with symptoms of bone pain careful 
evaluation is advised because these radiographic features may 
be a reflection of an early prodromal phase of ONJ. 

Cone beam CT (CBCT) offers similar advantages to CT in 
evaluating the osseous structures of the face, while delivering 

significantly less radiation. CBCT allows improved detection of 
periodontal and periapical disease in comparison to dental 
radiographs, particularly if a small field of ·view (FOV) is 
used.1206·2071 There are no conclusive definitive studies regarding 
the use of CBCT use and the diagnosis of ONJ. Data are limited to 
preliminary investigations. 

A major disad\Mntage of CBCT is the low contrast resolution 
and poor soft tissue detail. However, the ability of CBCT to image 
bony structures is similar to that of cr.<207

> Because of the high
resolution volumetric imaging, CBCT shows improved diagnos
tic ability for periodontal and periapical disease in comparison to 
conventional radiographs.1206

> CBCT imaging findings of the 
osteonecrotic areas are similar to those with CT, and indude 
increased bone density, osteolysis, cortical erosions, sequestra
tion, and periosteal bone reaction.092•208·2091 

MRI 

MRI offers similar advantages to CT in evaluating the osseous 
ONJ changes, while it appears to be superior in assessing bone 
marrow change at the early stage of ONJ, as well as the soft 
tissue changes surrounding the osteonecrotic area. 

One of the most consistent and earliest MRI findings is a 
decrease of bone marrow signal intensity on Tl-weighted 
images that can be present prior to clinical features of 
ONJ.<193.,97,

201-210> T2-weighted and short Tl inversion recovery 
(STIR) sequences may show increased signal intensity because of 
high water content,<2°4

> while irregular gadolinium enhance
ment of bone marrow and soft tissues around osteolytic areas is 
observed.'197·201·2101 In advanced d isease the bone marrow 
signal intensity on T2-weighted and STIR images can be variable: 
the exposed bone shows decreased signal intensity, and the 
unexposed d iseased bone shows increased signal intensi
ty.r201·2111 Sequestra display a low-signal-Intensity center with 
a high-signal-intensity rim on the T2-weighted image.<197,212> 

Soft tissue thickening and edema and lymph node enlargement 
can also be observed.136·2101 Similar to CT, MRI shows increased 
ability to detect osseous ONJ changes compared to panoramic 
radiographs; however, it may also fail to demonstrate the full 
extent of bony changes seen on surgical exploration.0931 

Nuclear imaging with scintigraphy and PET 

Bone scintigraphy using Tc99m methylene diphosphonate 
(MOP) or hydroxymethylene diphosphonate (HDP) has a high 
sensitivity for detecting early disease. Bone scintigraphy shows 
increased radionuclide uptake with increased perfusion and 
increased blood pool. Single-photon emission CT (SPECT) and 
fusion SPECT/CT provide more precise localization of osteo
necrotic areas with surrounding areas of increased radionu
clide uptake.(i91,213

> In 67.S% of patients with ONJ, increased 
Tc99m-MDP or HOP was observed in areas that later 
developed clinical osteonecrosis; thus, bone scans may be 
useful in early identification of ONJ.1196·214l However, it is not 
uncommon for conditions other than ONJ to produce 
increased uptake in the jaw, including tumor or periodontal 
disease.r21s,216) 

PET alone or in combination with CT has also been used for 
the assessment of ONJ patients. using both F-18 fluoride (NaF) 
and F-18 fluorodeoxyglucose (FDG) tracers.1214

•
217·218> Interest

ingly, FDG-PET uptake appears to increase with ONJ severity, 
although a clear relationship has not been established, which is 
possibly due to the small number of patients in the study.!2 17> 
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In summary, imaging is of value in diagnosing ONJ. This is 
particularly the case in those individuals on antiresorptive 
therapy with ONJ-Jike symptoms, but without obvious bone 
exposure. Because periapical and periodontal disease is an 
important risk factor for ONJ, identifying early dental disease 
with imaging and proceeding with dental preventive measures 
may decrease the risk of ONJ and minimize the need for dental 
extractions.<11 

R,2191 In addition, imaging enables exclusion of 
other conditions that may contribute to necrosis, such as 
metastatic disease.<220

-
221> There are no pathognom·onic features 

of ONJ on imaging that definitively differentiate ONJ from other 
conditions.<2221 However, imaging can assist in identifying the 
extent of bone and soft tissue disease as well as providing 
information on dental, periodontal, and periapical health. A 
summary of imaging findings with ONJ is presented in 
Supporting Table 511. 

Recommendations for imaging 

A. Individuals on low-dose antiresorptive treatment without 
signs or symptoms of ONJ do not require any additional imaging 
over and above routine dental evaluation.!223

•
2251 

B. Patients on high-dose antiresorptive treatment without 
ONJ are at significant risk of developing ONJ and early 
identification of dental disease is important.018·2191 Following 
a complete examination of the oral cavity, high-risk patients 
should ideally receive bitewing and periapical intraoral radio
graphs of all existing teeth as well as panoramic radiographs. 
When available, CBCT 3D imaging using high-resolution 
protocols could also be performed, given the superior ability 
of CBCT (compared to conventional radiographs) in diagnosing 
periapical and periodontal disease, Following a baseline 
evaluation of oral health, additional conventional and CBCT 
radiographs are performed only if necessary in the presence of 
oral complaints or signs or symptoms of ONJ,'226

> 

C. In patients in whom ONJ is a clinical consideration on low
dose or high-dose antiresorptive therapy presenting with oral 
symptoms, CBCT or CT imaging may aid in evaluating early 
changes in the cortical and trabecular architecture of the maxilla 
and mandible. Imaging also allows assessment of possible 
c,:::,q11,:::,c.tr, Im nr fictul::. Tr.:.rlt fnr-f'V'l::.t;l"'\n ::.nN Cl\t:11111:iif'ir.n ~f tho 

status of any involved teeth. If both CBCT and CT are available, 
small-FOV, high-resolution CBCT is preferred because it delivers 
less radiation and provides similar diagnostic information as CT. 
CBCT may be performed in conjunction with bite.wing, 
periapical, and panoramic radiographs. If dinica!:y indicated. 
MRI may provide additional information of the presence and 
extent of osteonecrosis. 

D. In patients with clinical ONJ under conservative manage
ment (Stage 1 and 2), the nature and extent of osseous changes 
around the area of clinical bone exposure can be evaluated with 
CT or small-FOV high-resolution CBCT imaging. Dental disease in 
all existing teeth should also be determined with bitewing, 
periapical, and panoramic radiographs. 

E. In patients with clinical ONJ where surgical intervention is 
considered (Stage 2 and 3), CBCT or CT may be complemented 
with MRI, bone scan, or PET for a more thorough evaluation of 
involved bone and soft tissues. 

6. Are biomarkers useful in identifying ONJ? 

Please refer to Supporting Table AS for a full description of all the 
papers reviewed in this section . 

• 10 KHAN ET AL. 

ONJ is a complication associated with the use_ of the 
antiresorptive therapies, either with BPs an~/oi Dmab. Marx 
and colleagues12271 suggested that quantification of bone 
resorption may be useful for prognosis. They reported data 
on 30 women treated with oral BPs for low bone density who 
had subsequei:itly presented with ONJ. Seventeen of these 
women were still taking oral BP at the time of presentation, and 
had (-terminal telopeptide (CTX) values · of 30 to 102 pg/ml 
(mean 73 pg/ml). After 6 months off BPs, CTX values were 162 to 
343 pg/ml (mean 228 pg/ml), a mean rise of 26 pg/ml/month. 
ONJ healed in all patients over the following 18 months, and the 
authors concluded that this was causally associated with the 
higher bone turnover, Although this is possible, the hypothesis 
was not formally tested because none of the patients were 
assessed while continuing BP therapy. At presentation, there 
was no correlation between CTX and clinical severity in this 
cohort, nor in 60 other ONJ patients receiving i.v. BPs. They 
concluded that if CTX is > 150 pg/ml in patients receiving oral 
BPs then invasive oral surgical procedures can be completed 
with minimal risk of osteonecrosis, although no data supporting 
this statement are presented (Marx criteria: CTX < 100 pg/ 
ml= high risk, 100 to 150 pg/ml= moderate risk, and> 150 pg/ 
ml= minimal risk). 

Cross-sectional studies in patients with ONJ have evaluated 
the association between CTX levels and disea$~ 51:'Vi;>rity. 
Although Bagan and colleagues1228> found no relationship in 
15 oncology patients, Kwon and colleagues1229l found that CTX 
levels were related (r= 0.47) to the number of the ONJ lesions 
and their stage in 18 patients receiving oral BP therapy, although 
CTX levels were not different from those in SP-treated 
osteoporosis patients without ONJ.<230> 

The utility of CTX has been evaluated in its ability to predict 
outcomes in patients with ONJ. In each of these studies, many 
patients were "at riskH by the Marx criteria. Atalay and 
colleagues<231 l found that CTX did not predict treatment 
prognosis in 20 cancer patients, despite a wide range of 
baseline CTX values. CTX levels in BP-treated subjects have been 
assessed as a predictor of ONJ risk after oral surgery. Kunchur 
and colleagues1232J measured CTX in 222 BP users undergoing 
extractions. Only one patient developed ONJ and had a 
moderate !eve! of CTX (126 pg/mL}. Lee and Sun!ki<2331 <1ssessed 
CTX levels in 54 patients on oral BPs undergoing oral surgery and 
despite a very wide range of CTX values prior to surgery (39 to 
330 pg/ml; mean of 161 pg/ml), no patient developed ONJ. 
Similarly, O'Connell and colleagues12341 measured CTX values in 
23 patients on BPs, 21 with osteoporosis and two with cancer, 
prior to oral surgery (CTX range, 50 to 370 pg/ml; mean 180 pg/ 
ml). After 5 months of observation, no patient had developed 
ONJ. In the HORIZON trial, one case of ONJ developed in 5903 
patients given zoledronic acid, and a second case developed in 
the 5140 placebo-treated subjects.<75

l In this trial, 43% of 
patients had serum CTX < 100 ng/ml 6 months after zoledronic 
acid and would be considered at "high risk" by the Marx criteria, 
yet ONJ risk was no higher than in the placebo group. The very 
low incidence of ONJ in osteoporosis subjects indicates that 
even very large studies are underpowered to answer this 
question. 

Few other biomarkers of bone turnover have been assessed 
with respect to ONJ management or to their utility in making 
decisions regarding the individual patient's risk for ONJ. One 
study found that neither N-terminal telopeptide (NTX) nor bone 
alkaline phosphatase was associated with the development of 
ONJ.12351 Lehrer and collcagues1136·un performed two studies 
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with neither finding an association of ONJ with CTX, NTX, bone 
alkaline phosphatase, or osteocakin. 

Thus, although low CTX is a reflection of recent anti resorptive 
treatment, current data do not establish it as having a useful role 
in managing patients with or at risk of ONJ. 

7. Can ONJ be prevented and what is the role of drug 
interruption? 

Supporting Table A9 presents all the data with respect to 
prevention of ONJ. 

Recommendations to reduce the risk of ONJ include 
completion of necessary oral surgery prior io initiation of 
antiresorptive therapy,'154

•
219

•
238

•
2391 the use of antibiotics 

before and/or after the procedure/22
•25·239- 242> antimicrobial 

mouth rinsingP2·25
•
241

l appropriate closure of the wound 
following tooth extraction.<24

0-242> and maintenance of good 
oral hygiene.(103,23a,240,241,243,244J 

The etiology of ONJ continues to be further investigated. Poor 
oral health, minor oral surgery, and use of potent antiresorptive 
agents appear to be associated with the condition. In an attempt 
to prevent ONJ, optimizing oral health prior to the initiation of 
BP and Dmab therapy is emphasized. Indeed, this simple 
intervention appears to be efficacious in reducing the risk of ONJ 
as noted by Ripamonti and colleagues12191 and Dimopoulos and 
colleagues,'"8

> and Montefusco and colleagues<239l retrospec
tively assessed the role of prophylactic antibiotics prior to dental 
procedures for the prevention of ONJ in a group of patients with 
multiple myeloma. Interestingly, of the 178 patients assessed, 
eight cases of ONJ developed, but all cases occurred in the 
group not provided with prophylactic antibiotics. It was 
concluded that a course of antibiotics prior to dental procedures 
may prevent the occurrence of subsequent ONJ. 

Following the initial reports of ONJ in association with BP use 
in 2003, the vast majority of cases (>90%) have occurred in 
cancer patients receiving sixfold to 10-fold higher doses of BPs 
than those used to treat osteoporosis. Invasive oral surgery 
procedures have been identified as an important risk factor for 
ONJ. Therefore, it is recommended by the Task Force that 
patients who undergo invasive oral surgery have their 
antiresorptive therapy withheld following the procedure until 
soft tissue healing has occurred. However, it is acknowledged 
that there is little evidence to support this recommendation in 
terms of changing the outcome of the dental procedure because 
BPs remain in bone for many years. In patients taking lower-dose 
BPs for osteoporosis, the risk of ONJ is recognized to be 
extremely low (1 in 10,000 to 7 in 100,000 patients, compared 
with -1% to 2% per year for cancer patients receiving higher 
doses of BPs). In 2011, the American Dental Association 
Guidelines recognized the lower risk in osteoporosis patients, 
and stated that discontinuation of oral BP was not necessary 
prior to dental procedures.<245l 

In determining the best approach for each individual patient 
with respect to ongoing antiresorptive therapy it is necessary to 
stratify risk and weigh the risks of ONJ with the risk of fracture in 
osteoporosis patients and the risk of SREs in oncology patients. 
The ONJ risk will be impacted by comorbidity as well as the 
extent of the planned surgery. 

Clinical judgment is always essential, and in patients who may 
require extensive invasive oral surgery, as well as those with 
multiple risk factors for ONJ (diabetes, periodontal disease, 
glucocorticoid treatment, immune deficiencies, smoking, etc.), it 
may be advisable to stop anti resorptive therapy if it is possible to 

do so without adverse consequences for bone health. In such 
circumstances the Task Force recommends stopping antire
sorptive therapy. 

For cancer patients requiring oncology doses of i.v. BPs or 
Dmab, a thorough dental examination with dental radiographs 
should be ideally.completed prior to the initiation of oncology
dose antiresorptiiie therapy in order to identify dental disease 
before drug therapy is initiated. Any necessary invasive dental 
procedure including dental extractions or implants should 
ideally be completed prior to initiation of BP or Dmab therapy. 
Non-urgent procedures should be assessed for optimal timing 
because it may be appropriate to complete the non-urgent 
procedure prior to osteoclast inhibition, delay it until it is 
necessary, or perhaps plan for it during a drug holiday; however, 
there are no compelling data to guide these decisions. 

Injudicious discontinuation of osteoporosis therapy can lead 
to increased risk of fractures, including hip and vertebral 
fractures. The decision to discontinue therapy with bone active 
agents must also consider the risk of fracture and implications 
for skeletal health. 

In the presence of ONJ in a patient receiving BP or Dmab, it is 
recommended that oncology-dose antiresorptive drug therapy 
be withheld until soft tissue closure with well-epithelialized 
mucosa is achieved. 

8. How should ONJ be managed? 

A review of all the evidence for the treatment of ONJ is found in 
Supporting Table A10. 

There are no universally accepted treatment protocols for 
ONJ. In the absence of a defined treatment algorithm for ONJ, 
there is a generally accepted approach of palliation of symptoms 
and controlling associated infection. Treatment strategies range 
from conservative nonsurgical therapy to early surgical 
intervention. The extent of surgery also varies and is dependent 
upon the stage of disease. · 

Treatment 

Many variables may contribute to the treatment decision
making tree, including age, sex, disease status (osteoporosis, 
metastatic disease versus multiple myeloma, for example), ONJ 
stage and lesion size, medication exposure, and medical and 
pharmacological comorbidities. The specifics of how these 
factors influence the course of ONJ and its treatment response 
are largely unknown and, as such, clinical judgment should 
guide individual treatment approach. 

Other important factors to consider in this group of patients 
are prognosis and life expectancy, quality of life, and an 
individual's ability to cope with their ONJ lesion(s). A similar
sized lesion may be asymptomatic in one patient, but pose 
considerable difficulties in another. 

Conservative management 

The majority of patients with ONJ have been managed 
conservatively. Conservative therapy includes maintaining 
optimal oral hygiene (diligent home self-care and regular 
professional dental caret elimination of active dental and 
periodontal disease, topical antibiotic mouth rinses, and 
systemic antibiotic therapy, as indicated. This is consistent 
with the previous recommendations of the Canadian Associa
tion of Oral and Maxillofacial Surgeons (CAOMS), AAOMS, and 
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the American Dental Association,0 ·2·33
,2

451 and is supported by 
many practitioners.<m ,246

> Conservative therapy is the mainstay 
of care and although it may not necessarily lead to complete 
resolution of lesions, it may symptomatically provide long-term 
relief.126·

2471 Among patients with breast cancer and multiple 
myeloma, Fortuna and colleagues<249

> reported a more rapid 
response to conservative therapy In the breast cancer group 
compared to those with multiple myeloma. 

Recent case reports of successful treatment of ONJ w ith 
teriparatide are encouraging1249•2501 and this may become a 
conservative treatment choice for those with osteoporosis and 
without cancer or prior radiation therapy to bone. Because 
teriparatide has been reported to facilitate osseous wound 
healing in the oral cavity,12491 it may be a viable approach for 
patients on antiresorptive therapy for the treatment of 
osteoporosis. Considering the low risk of ONJ in patients with 
osteoporosis being treated with osteoporosis doses of anti
resorptive agents and the absence of evidence that changing to 
teriparatide would alter the outcome of an invasive dental 
procedure in someone who does not have ONJ, it is not 
recommended at this time to switch to teriparatide in those at a 
low risk of ONJ or fracture. However, in an osteoporotic patient 
with established ONJ, treatment with teriparatide may be of 
value as observeu in published case reports.t251-2S6l 

The same approach should not be used in patients with 
cancer, a history of skeletal radiation, or with .active bone 
metastases, because these patients are at risk for the develop
ment or advancement of bone malignancies and teriparatide 
should be avoided unless prospective studies demonstrate a 
favorable benefit-to-risk ratio for its use. 

Other experimental treatment approaches found in the 
literature awaiting further substantiation include topically 
applied ozone,<257

> bone marrow stem cell intralesional 
transplantation,12581 and addition of pentoxifylllne and tocoph
erol to the standard antibiotic regimen.<259> The latter reportedly 
reduced both ONJ symptoms and the amount of exposed bone. 
One in vitro study suggested that geranylgeraniol might 
potentially prevent BP-induced predisposition to ONJ.12601 

Favorable outcomes have been reported with low-level laser 
therapy, in conjunction with conservative and/or surgical 
debridement, but further confirmation is needed.(is:.ia~l 

Conservative therapy should be continued as long as there is 
not: (1) obvious progression of disease; (2) pain that is nor being 
controlled by conservative means; or (3) a patient who has had 
antiresorptive therapy discontinued by their oncologist because 
of ONJ. 

Surgical management 

Early treatment recommendations for ONJ discouraged surgical 
intervention with conservative therapy continuing indefinitely 
or until there was progression of d isease. However, there are 
now many reports demonstrating success with surgical 
management of these lesions. With surgery, a full -thickness 
mucoperiosteal flap should be elevated and extended to reveal 
the entire area of exposed bone and beyond to disease-free 
margins. Resection of the affected bone should be extended 
horizontally and inferiorly to reach healthy-appearing, bleeding 
bone. Sharp edges should be smoothed and primary soft tissue 
closure achieved in a tension-free fashion with sutures that 
resorb after 1 week.1263

> Several authors have reported better 
outcomes with larger re~~livtt) compared to limited debride
ment and/or conservative therapy.1264.2651 
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We propose that if surgery is indicated, resection with 
tension-free closure affords the most positive results. 

Adj unctive treatments, in combination with surgery, have 
been also described in the literature. Vescovi and col 
leagues12621 achieved good results treating ONJ lesions with 
laser-assisted surgfcal debridement; in contrast, Atalay and 
colleagues'23 11 found no statistically significant benefit of this 
approach in comparison to convent ional surgery. Martins and 
colleagues'2661 conducted a preliminary retrospective survey 
of patients undergoing antib iotic therapy plus surgery 
followed by low-level laser therapy and platelet-rich plasma 
applied to the surgical wound, and observed improved 
healing. 

Promising results have also been reported with surgical 
debridement in combination with platelet-derived growth 
factor (PDGF) applied to the site In Stage 2 ONJ ldSes.1242l 

Pautke and colleagues<2671 reported that intraoperative fluores
cence guidance was helpful in identifying surgical resection 
margins in Stage 2 ONJ cases. Hoefert and Eufinger1268> 

suggested that longer-term preoperative antibiotics (23 to 54 
days) resulted In improved surgical outcomes versus short-term 
antibiotic therapy (1 to 8 days). Surgical success rates have been 
higher in patients with multiple myeloma or in those with 
osteoporosis receiving low-dose BP therapy in comparison to 
JJdlit::nls with solid tumor~.w,9> 

Adjunctive therapy with hyperbaric oxygen (HBO) in combi
nation with surgery has been lnvestlgatedr270·2711 with encour
aging results. Further research is required with these innovative 
combination therapies prior to formalizing treatment 
recommendations. 

In summary, in the absence of debilitating ONJ lesions, 
conservative therapy with optimal oral hygiene, topical 
antibiotic rinses, and systemic ant ibiotics are advised as needed 
for pain or infection.1238> 

For nonresponslve ONJ lesions, surgery is an option and 
includes ostectomy of the affected area with resection margins 
that extend Into adjacent normal-appearing bone. Soft tissue 
closure should be tension-free with no underlying sharp edges 
of bone that could lead to mucosa! breakdown. 

In the presence of a pathologic fracture or ONJ extending to 
lht:e :.i, ,us or lnfer1or border cf the mandibl~, or if the ostectomy 
to healthy tissue leads to a discontinuity defect, consideration 
·should be given to mlcrovascular composite tissue grafting at 
the time of surgical resection in the mandible and the same or 
obturator construction for the maxilla. 

At present, other adjunctive procedures as di$cussed in this 
section may be considered, but all require further research to 
define their value. 

9. Research and future directions 

It has been 10 years since the original case descriptions of ONJ 
were reported. The insights gained during this past decade into 
the pat ho physiology of ONJ as well as mechanisms involved that 
could be targeted for therapeutic approaches have- increased, 
but are not at a sufficient level to enable the development of 
optimal care strategies for our patients.12721 Over these 10 years, 
the paucity of scienti fically sound information has often led to 
confusion among patients and healthcare providers. We need to 
do better and must rely on the scientific community, supported 
by governmental agencies, pharmaceutical companies, and 
foundations, to expand our knowledge and improve patient 
care . 

Journal of ilonl'I and Mineral Re~can:h 



The pathophysiology of ONJ needs to be more clearly 
delineated using well-characterized animal models that lend 
themselves to better understanding the human condition. 
Several ONJ animal models have been described in mice, rats, 
minipigs, and dogs treated with high doses of bisphospho
nates.11 5·273-299> Most of these models use tooth extrac
tion,ms.l80--286·2881 while others stimulate experimental 
periodontal or periapical diseasel2n 27'1•279·287l to induce 
ONJ-like lesions. Recently, ONJ was described in mice treated 
with RANKL inhibitors without BPs, indicating the central role 
of osteoclast inhibition in ONJ pathogenesis.c2891 These animal 
models capture several of the clinical, radiographic, and 
histologlc features of ONJ. However, differences in bone 
composition, bone remodeling, and overall metabolism 
between animals and humans have been problematic. None 
have effectively captured the full picture of the human 
condition such that interventional approaches can be reliably 
tested. 

ONJ appears to occur most commonly in those with 
metastatic bone disease receiving high doses of osteoclast 
inhibitors concurrent ly with anticancer therapy. In this patient 
population, the risk-benefit profile associated with the osteo
clast inhibitors is unique from other indications for an 
antiresorptive therapy, in that their risk of skeletal complications 
of malignancy is estimated as one event occurring every 3 to 
4 months in the absence of osteoclast inhibition.12901 These SREs 
may be catastrophic, for example spinal cord compression 
resulting in paralysis, or hypercalcemia of malignancy, which Is 
often a life-threatening event. When administered at U.S. Food 
and Drug Administration (FDA)-recommended dosing; the use 
of potent osteoclast inhibitors reduces the risk of skeletal
related events by approximately 20% to 50%.12911 Hence, the 
oncology patient with metastatic bone disease, and their clinical 
care team, may view the risk of ONJ as the lesser of two evils. 
However, the risk of ONJ is much iwer than the dsk of SRE for the 
vast majority of cancer patients. 

As advances in osteoclast inhibition and anticancer thera
pies are made, it is critical that treatment regimens be 
assessed for both short-term and long-term adverse events, 
including ONJ. This is the case for both early-stage and late
stage cancers. In early-stage breast cancer, there are evolving 
data that the potent osteoclast inhibitors may have an 
anticancer effect in postmenopausal women. Therefore, it Is 
possible that the BPs may be used in a larger patient 
population including those who may not have low bone mass. 
In one adjuvant zoledronic acid Phase Ill study, approximately 
2% of the patients with breast cancer treated with zoledronic 
acid developed ONJ,<133> although other studies have reported 
a lower incidence. 

Further research will provide effective strategies to prevent 
ONJ as well as define the risk of SRE and ONJ in individuals 
with metastatic bone disease. A greater understanding of 
these risks will enable clinicians to more effectively tailor 
drug therapy with respect to dose and frequency of 
administration of the osteoclast inhibitor in order to 
minimize both the risk of SRE and ONJ. The management 
of these individuals requires a multidisciplinary approach to 
develop evidence-based clinical practice algorithms. The 
panel will provide guidance through expert opinion and best 
evidence currently available for the oncology patient in a 
subsequent document. 

Ongoing registries of ONJ include independent international 
studies and a study funded by Amgen. There is an ongoing 

biomarkers study as well as ongoing case-control ONJ studies 
and correlative investigations incorporated into BP and Dmab 
clinical t.rials. The results of these studies will add prospective 
epidemiologic information on risk factors associated with the 
development of ONJ. In addition, basic science studies of 
the mechanlsm~f ONJ include investigation of the effect of 
antiresorptive therapy on wound healing, the oral mucosal 
barrier, and identification of biomarkers predictive of the 
development of ONJ. 

There is considerable room for clinical, translational, and basic 
science research because the cellular mechanisms involved in 
oral wound healing and the influences of antlresorptive 
medications need to be clarified. Much of the hope for progress 
resides in the field of osteoimmunology. Although osteoclasts 
have been the focus of studies in the mineralized tissue field for 
decades, the dependence of oral wound healing on osteoclasts 
is understudied. The temporal nature of osteoclastic activity in 
oral wounding and the role of osteoclasts as phagocytic cells in 
the wound environment are of interest. For example, are the 
signaling molecules different in activated osteoclasts depending 
on the mineral surface they are associated with? Do osteociasts 
associate differently with bacterial toxin-contaminated surfaces? 
What Is the impact of antiresorptlves in the inflammatory lesion? 
The role of osteocytes in osseous necrosis, remodeling, and 
antiresorptive drug actions requires further Investigation. The 
impact of antiresorptive drugs on non-osteoclast bone marrow 
cells such as macrophages is ill-defined. Do BPs or anti-RANKL 
antibodies alter the profile of classical Ml macrophages, M2 
alternatively activated macrophages, or pro-resolving 
macrophages? 

There is a clear need for improved diagnostic and prognostic 
factors for ONJ. Improved prospective studies in patients at risk 
for ONJ could provide better Insight into predictors of the 
condition as well as optimizing preventive approaches. What is 
the impact of inhibiting osteoclasts early during wound healing 
(eg, Immediately postextraction) when osteoclasts are responsi
ble for recontouring the wound margins versus later (eg, when 
the immature woven bone is remodeled to form mature lamellar 
bone)? 

Finally, current therapeutic options are inadequate for the 
prevention and treatment of ONJ. It is challenging to do large 
clinical trials with the patient population currently presenting 
with ONJ. However, we do not yet have in-depth studies of the 
effects of any drugs used for the treatment of osteoporosis and 
cancer on osseous tissues in the oral cavity. Such studies are 
necessary to clarify potential issues specific to craniofacial 
bones. A detailed trajectory of healing postextraction in patients 
on antiresorptives relative to patients on anabolic agents or 
normal healthy controls has not been performed and would 
provide valuable new insights into skeletal site specificity and 
oral wound healing. 

Oral Ulceration and Benign Sequestration 

A literature search was conducted specifically pertaining to oral 
ulceration and benign sequestration (OUBS) on June 25, 2014 
(http://www.ncbi.nlm.nih.gov/pubmed/?term'= oral+ ulcera
tion + and+ sequestration). The literature search yielded 1 l 
total citations, three of which were not related and were 
discarded. The remaining eight papers were case reports or case 
series.rs,292

-
2981 Two additional investigations ·were added 

through expert review.<6•
71 
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Diagnosis 

This condition presents as a variably painful ulceration, usually 
involving the posterior lingual mandible at the level of the 
mylohyoid ridge.cs-7,292i There is a hard insensitive base formed 
by exposed non-vital bone. The ulcer can persist for periods that 
vary between a few days to several months. Occlusal radio
graphs show a localized radiopacity, representing the necrotic 
bone, superficial to the lingual cortical plate. Similar lesions can 
occur over oral exostoses. Histopathologic exam of the necrotic 
bone base shows irregular zones of resorption, microbial 
colonization, and often, adherent fragments of acutely inflamed 
granulation tissue. The condition occurs in the absence of 
predisposing systemic disease or antiresorptive therapy. 

Pathophys_iology 

The pathogenesis is not well understood. However, ulceration, 
either traumatic or in the form of an aphthous ulcer, is thought 
to be the initial pathologic event.15

-
7
•
2921 Sequestration could 

occur following subsequent disruption of blood supply from the 
periosteal layer to the poorly vascularized superficial cortical 
bone and possible secondary infection. The devitalized and 
secondarily infected bone base then impedes resolution of the 
ulcer. The predilection of the condition for posterior lingual 
manrlih11lar bone has resulted in suggestions that the anatomic 
site might be of etiologic importance. Of possible significance, 
many of these cases occur in patients who have lost posterior 
molars or have restorations, which do not recapitulate the 
normal lingual inclination of the molars. Thus, the protective 
lingual inclination of the molars over the mylohyoid ridge is lost 
and the nonkeratinized mucosal lining over the projecting 
mylohyoid ridge would not be shielded from chronic trauma 
during mastication. After the ulcer has formed, it would be 
further susceptible to secondary infection because it is located in 
a relatively stagnant oral region. The suggestion that an 
aphthous ulcer, rather than a traumatic ulcer, might be the 
primary lesion could result in the same sequence of pathologic 
events, and these are not mutually exclusionary suggestions. 

Management 

This is usuaiiy a self-limited condition that heals with conserva
tive measures.<5

-
7
•
2921 The necrotic bone may undergo sponta

neous exfoliation. If the sequestrum is mobile, the process can 
be expedited with gentle manipulation of the sequestrum 
through the ulcer base. If the dead bone is adherent to the 
underlying cortex, surgical removal might be required. However, 
often a patient approach with supportive management 
involving antimicrobial rinses, such as chlorhexidine or tetracy
cline, will result in detachment of the sequestrum from 
underlying vital bone and eventually permit spontaneous 
exfoliation. Once the necrotic bone has been removed, efficient 
healing occurs.c2991 

Future research directives 

There is a need for further research on OUBS. Studies are 
required to evaluate the incidence and prevalence of this 
condition. The proportion of OUBS conditions that can result in 
significant morbidity in terms of size, duration, and pain should 
be assessed. Development of a staging system would be of 
value, particularly with respect to optimization of treatment 
~trntPgies. The role of this condition as .:in initk1ting event for the 
signihcant drug-associated ONJs should be evaluated. 

• 14 KHAN ET Al. 

Disclosures 

M Bhandari received funding from Smith and Nephew. 
Stryker, Amgen, Zimmer, Moximed, Bioventus, Merck, Eli 
Lilly, Sanon, De Puy; ML Brandi has served on the board for 
Alexion, Servier, ,;11 Lilly, and Amgen, and received funding 
from Servier, NPS. Eli Lilly, Amgen, Alexion, Shire, SPA, Bruno 
Farmaceutici, and MSD; J Brown has served · on the board for 
Amgen, Eli Lilly, and Merck, and received funding for grant, 
lectures, and development of educational presentations from 
Amgen, Eli Lilly, Merck, Novartis, and Actavis; A Cheung 
received grants and consultancy fee from Amgen, Eli Lilly, and 
Merck, and honoraria from Amgen and Eli Lilly; C Cooper 
received consultancy, lecture fees, and honoraria from 
Amgen, GSK. Alliance for Better Bone Health, MSD, Eli Lilly, 
Pfizer, Novartis, Servier, Merck, Medtronic, and Roche; D 
Hanley received fees for consultancy, lectures, development 
of educational presentations from Amgen, Eli Lilly, Merck, 
Novartis, and Warner Chilcott; R Eastell received grants, 
lecture fees, and travel expenses from Amgen, AstraZeneca, 
IDS, Novartis, Roche, Alexion, Otsuka, IBMS, and Merck; K 
Davison has served on the board for Amgen Merck and 
Novartis and received consultancy, lecture fees, funding for 
development of education;il pr~~~nt-,tiom, r1nrl man11si::ript 
preparaliu11 dlld travel expenses from Amgen, Merck, and 
Novartis; T Guise has received consultancy, expert testimony 
lecture fees from Novartis, AstraZeneca, Amgen, and Exelixis; 
L McCauley received consultancy fees from Dentsply and 
owns Amgen stock; B Josse has served on the board for 
Merck, Eli Lilly, and Amgen, and received funding for grants, 
lectures, and travels from Amgen and Eli Lilly; D Kendler 
received consultancy, grants, and lecture fees from Amgen, 
Pfizer, Eli Lilly, Merck, and Astellas; A Khan has served on the 
board for Amgen and Eli Lilly and has received grants and 
lecture fees from Amgen, Eli Lilly, NPS, and Merck; B Langdhal 
has served on the board for Amgen, Merck, and Eli Lilly, and 
received consultancy fees and grants from Eli Lilly, Axellus, 
Amgen, Merck, and Eli Lilly; S Morin has served on the board 
for Amgen, Merck, and Eli Lilly. and received consultancy fees 
and grants from Merck; B Obermayer-Pietsch received 
consuiid11<..y dnd iedure fees from MSD, iDS, and i:ii Liiiy; F 
O'Ryan received support for travel from AAOMS; E Peters no 
conflict to disclose. I Ried has served on the board for Merck, 
and received consultancy, testimony, and lecture fees from 
Novartis, Merck, Amgen, Sanofi, and Eli Lilly; S Ruggerio 
received consultancy fees from Amgen; D Saunders received 
consultancy fees from Takeda; A Taguchi received consultan
cy and lectures fees and,grants from Asahi Kasei and Teijin; S 
Tetradis has received consultancy fees and grants from 
Amgen; N Watts is the co-founder, director, and stockholder 
of OsteoDynamics, and has received consultancy and lecture 
fees from Amgen, AbbVie, Amarin, Bristol-Meyers Squibb, 
Corcept, Endo, lmagepace, Janssen, Eli Lilly, Merck, Novartis, 
Noven, NPS, Pfizer/Wyeth, Radius, and Sanofi-Aventis; 
J Compston, 8 Masri, A Morrison, D Pierroz, E Rabbany, and 
G Sandor state that they have no conflicts of interest. 

Acknowledgments 

Expert Panel of Reviewers: Howard Holmes, Edward Dore, Maria 
Luisa Bia11ehi, Michel For lie,, Mic.l1el Forti11, Kevin Lung. Douglas 
Peterson, Reena Talwar, and Toshiyuki Yoneda. 

Journal of ilonr: and Minernl Researd, 



Author 

AA Khan 

A Morrison 
DA Hanley 

D Felsenberg 

LK McCauley 

F O'Ryan 
IR Reid 
S Ruggiero 
A Taguchi 

S Tetradis 
NB Watts 
ML Brandi 
E Peters 
T Guise 
R Eastell 
AM Cheung 
SN Morin 
B Masri 
C Cooper 

S Morgan 

B Obermayer-Pietsch 

BL Langdahl 
R Al Dabagh 
KS Davison 
D Kendler 

GK Sandor 
RG Jesse 
M Bhandari 

M El Rabbany 
DD Pierroz 
R Sulimani 
DP Saunders 
JP Brown 
J Compston 

References 

Affiliation 

Department of Medicine, Divisions of Endocrinology and Metabolism and Geriatrics, McMaster University, 
Hamilton. ON, Canada 

Division of Oral and Maxillofacial Surgery, Dalhousie University, Halifax, NS, Canada 
Departments of Medicine, Community Health Sciences and Oncology, University of Calgary, Calgary, AB, 

Canada } 

Centre of Muscle & Bone Research, Charite-University Medicine Berlin, Campus Benjamin Franklin, Free 
University & Humboldt-University Berlin, Berlin, Germany 

Department of Periodontics and Oral Medicine, University of Michigan School of Dentistry, Ann Arbor, Ml, 
USA 

Kaiser Permanente Medical Center, Oakland, CA, USA 
Department of Medicine, University of Auckland, Auckland, New Zealand 
New York Center for Orthognathic and Maxillary Surgery, Lake Success, NY, USA 
Department of Oral and Maxillofacial Radiology, School of Dentistry, Matsumoto Dental University, 

Shojiri, Japan 

Division of Diagnostic and Surgical Sciences, UCLA School of Dentistry, Los Angeles, CA, USA 
Mercy Health Osteoporosis and Bo.ne Health Services, Cincinnati, OH, USA 
Department of Surgery and Translational Medicine, University of Florence, Florence, Italy 
University of Alberta, Edmonton, Alberta, Canada 
Department of Medicine, Division of Endocrinology at Indiana University, Indianapolis, IN, USA 
Department of Human Metabolism. University of Sheffield, Sheffield, UK 
University of Toronto, Toronto, ON, Canada 
Department of Medicine, McGill University, Montreal, Quebec, Canada 
Jordan Osteoporosis Center, Jordan Hospital & Medical Center, Amman, Jordan 
MRC Lifecourse Epidemiology Unit, University of Southampton, Southampton, UK; NIHR Nutrition 

Biomedical Research Centre, University of Southampton, Southampton, UK; NIHR Muscutoskeletal 
Biomedical Research Unit, University of Oxford, Oxford, UK 

University of Alabama at Birmingham Osteoporosis Prevention and Treatment Clinic, Division of Clinical 
Immunology and Rheumatology, Birmingham, AL, USA 

Medical University Graz, Div. Endocrinology and Metabolism, Department of Internal Medicine, Graz, 
Austria 

Department of Endocrinology and Internal Medicine, Aarhus University Hospital, Aarhus, Denmark 
Faculty of Dentistry, University of Toronto, Toronto, Canada 
Department of Graduate Studies, University of Victoria, Victoria, BC, Canada 
Department of Medicine. Division of Endocrinology, University of British Columbia, Vancouver, BC, 

Canada 

Department of Oral and Maxillofacial Surgery, Oulu University Hospital, University of Oulu, Oulu, Finland 
Division of Endocrinology and Metabolism. University of Toronto, Toronto, ON. Canada 
Division of Orthopaedic Surgery, Department of Surgery and Department of Clinical Epidemiology and 

Biostatistics, McMaster University, Hamilton, ON, Canada 
Faculty of Dentistry, University of Toronto, Toronto, ON, Canada 
International Osteoporosis Foundation (IOF), Nyon, Switzerland 
College of Medicine, King Saud University, Riyadh, Saudi Arabia 
Department of Dental Oncology, Northeast Cancer Centre/Health Science North, Sudbury, ON, Canada 
Laval University, Quebec. Quebec, Canada 
Cambridge Biomedical Campus, Cambridge, UK 

1. Khan AA, Sandor GK, Dore E, et al. Bisphosphonate associated 
osteonecrosis of the jaw. J Rheumatol. 2009;36:478-90. 

osteonecrosis of the jaw-2014 update. J Oral Maxillofac Surg. 
2014;Oct 72(10):1938-56. 

S. Peters E, Lovas Gl, Wysocki GP. lingual mandibular sequestra
tion and ulceration. Oral Surg Oral Med Oral Pathol. 1993;75: 
739-43. 2. Khan AA, Sandor GK, Dore E, et al. Canadian consensus practke 

guidelines for bisphosphonate associated osteonecrosis of the jaw. 
J Rheumatol. 2008;35:1391-7. 

3. Khosla S, Burr D, Cauley J, et al. Bisphosphonate-associated 
osteonecrosis of the jaw: report of a task force of the American 
Society for Bone and Mineral Research. J Bone Miner Res. 
2007;22:1479-91, 

4. Ruggiero SL, Dodson TB, Fantasia J, et al. American Association of 
Oral and Maxillofacial Surgeons. American Association of Oral and 
Maxillofacial Surgeons position paper on medication-related 

6. Scully C. Oral ulceration: a new unusual complication. Br Dent J. 
2002;192:139-40. 

7. Sonnier KE, Horning GM. Spontaneous bony exposure: a report of 4 
cases of idi9pathic exposure and sequestration of alveolar bone. J 
Periodontol. 1997;68:758-62. 

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

Journal of Bone and .\tlineral Hr,sr.uch OSTEONfCROSIS OF THE JAW: REPORT FROM THE INTERNATIONAL ONJ TASK FORCE 15 • 



9. Ruggiero SL, Mehrorra 8, Rosenberg T J, Engroff SL. Osteonecrosis of 
the Jaws associated with the use of bisphosphonates: a review of 63 
cases. J Oral Maxlllofac Surg. 2004;62:527-34. 

10. Advisory Task Force on Bisphosphonate-Related Osteonecrosis of 
the Jaws, American Association of Oral and Maxillofaclal Surgeons. 
American Association of Oral and Maxillofaclal Surgeons position 
paper on blsphosphonate-related osteonecrosis of the jaws. J Oral 
Maxlllofac Surg. 2007;6S:369-76. 

11. Aghaloo TL. Felsenfeld AL, Tetradls S. Osteonecrosls of the Jaw ln a 
patient on Oenosurnab. J Oral Maxillofac Surg. 2010;68:959-63. 

12. Taylor KH, Middlefell LS, Mlzen KO. Osteoneaosis of the Jaws 
induced by anti-RANK ligand therapy. Br J Oral Maxillofa.c Surg. 
20 I 0;48:221-3. 

13. Diz P, Lopez-Cedrun JL, Arenaz J, Scully C. Oenosumab-related 
osteonecrosls of the jaw. J Am Dent Assoc. 2012;143:981--4. 

14. <;ropeck AT, Upton A, Body JJ, et al. Denosumab compared with 
zoledronic acid for the treatment of bone metastases ln patients 
with advanced breast cancer: a randomized, double-blind study. J 
Clin Oncol. 2010;28:5132-9. 

15. Allen MR, Burr DB. Mandible matrix necrosis in beagle dogs after 
3 years of daily oral bisphosphonate treatment. J Oral Maxillofac 
Surg. 2008;66:987-94. 

16. Allen MR, Pandya B, Ruggiero SL. Lack of correlation between 
duration of osteonecrosls of the Jaw and sequestra tissue 
morphology: what It tells us about the condition and what it 
means for future studies. J Oral Maxil lofac Surg. 2010;68:2730-4. 

17. Allen MR, Ruggiero SL. Higher bone matrix density exists In only a 
subset of patients with bisphosphonate-related osteonecrosls of 
the Jaw. J Oral Maxillofac Surg. 2009;67:1373-7. 

18. Sharma D, lvanovski S, Slevin M, et al. Blsphosphonate-related 
osteonecrosls of jaw (BRONJ): diagnostic criteria and possible 
pathogenic mechanisms of an unexpected anti-angiogenic side 
effect. Vase Cell. 2013;5:1-5. 

19. Fedele S, Porter SR. D'Aiuto F, et al. Nonexposed variant of 
bisphosphonate-associated osteonecrosis of the jaw: a case series. 
Am J Med. 2010;123:1060-4. 

20. Zadik Y, Benollel R, Fleissig Y, Casap N. Painful trigeminal 
neuropathy induced by oral bisphosphonate-related osteonecros-fs 
of the jaw: a new etiology for the numb-chin syndrome. 
Quintessence Int. 2012;43:97-104. 

21 . Otto S, Hafner S, Grotz KA. The role of inferior alveolar nerve 
invotvement in bisphosphonate-related osteonecrosis of the Jaw. 
J Oral Maxlllofac Surg. 2009;67:589-92. 

22. Ferlito S, Puzzo S, liardo C. Preventive protocol for tooth 
extractions 1n patients treaieU with zoledrcr.-:;tc: a case series.. 
J Oral Maxillofac Surg. 2011;69:e1-e4. 

23. Scoletta M, Ardulno PG, Pol R, et al. Initial experience on the 
outcome of teeth extractions in intravenous bisphosphonate
treated patients: a cautionary report. J Oral Maxillofac Surg. 
2011;69;4~6-62. 

24. Barasch A. Cunha-Cruz J, Curro FA, et .ii. Risk factors for 
osteonecrosis of the jaws: a case-control study from the CONDOR 
dental PBRN. J Dent Res. 2011;90:439-44. 

25. Schubert M, Klatte I, Llnek W, et al. The Saxon bisphosphonate 
register - therapy and prevention of bisphosphonate-related 
osteonecrosis of the jaws. Oral Oneal. 2012;48:349-54. 

26. Saad F, Brown JE. Van PC, et al. Incidence, risk factors, and 
outcomes of osteonecrosis of the Jaw: integrated analysis from 
three blinded active-controlled phase Ill trials in cancer patients 
with bone metastases. Ann Oncol. 2012;23:1341-7. 

27. Fitzpatrick SG, Stavropoulos MF, Bowers LM, et al. Bisphosphonate
related osteonecrosisofjaws in 3 osteoporo1ic patients With history 
of oral bisphosphonate use treated with single yearly zoledronic 
acid infusion. J Oral Maxillofac Surg. 2012;70:325- 30. 

28. Thumbigere-Math V, Tu L, Huckabay S, et al. A retrospective study 
evaluating frequency and risk factors of osteonecrosls of the jaw In 
576 cancer patients receiving intravenous bisphosphonates. Am J 
Clin Oncol. 2012;35:386-92. 

29. Yamazaki T, Yamori M, lshizaki T, et al. Increased incidence of 
osteonecrosis of the jaw after tooth extraction in patients treated 

• 16 KHAN ET AL. 

with bisphosphonates: a cohort study. Int J Oral Maxiliofac Surg. 
2012;41 :1397-403. 

30. Phal PM, Myall RW, Assael LA, Weissman JL. Imaging findings of 
bisphosphonate-associated osteonecrosis of the Jaws. AJNR Am J 
Neuroradiol, 2007;28:1 139-45. 

31. Maurer P, Sandulescu T, Kriwalsky MS, et al. Bisphosphonate
related osteonecrcfsls of the maxilla and sinusitis maxlllaris. Int J 
Oral Maxillofa< Surg. 201 1;40:285- 91. 

32. Ruggiero SL. Fantasia J, Carlson E. Blsphosphonate-related 
osteonecrosis of the jaw: background and guidelines for diagnosis, 
staging and management. Oral Surg Oral Med Oral Pathol Oral 
Radiol Endod. 2006;102:433-41. 

33. Ruggiero SL, Dodson TB, Assael LA, Landesberg R, Marx RE, 
Mehrotra 8. American Associat ion of Oral Maxillofacial Surgeons 
posit ion paper on bisphosphonate-related osteonecrosls of the jaw 
-2009 update. Aust Endod J. 2009;35:119-30. 

34. Schiodt M, Reibel J, Oturai P, Knfod T. Comparison of nonexposed 
and exposed bisphosphonate-induced osteonecrosis of the jaws: a 
retrospective analysis from the Copenhagen cohort and a proposal 
for an updated classification system. Oral Surg Oral Med Oral Pathol 
Oral Radlol. 2014;117:204-13. 

35. Marx RE, Sawatarl Y, Fortin M, Brovmand V. Blsphosphonate
induced exposed bone (osteonecrosis/osteopetrosls) of the jaws: 
risk factors, recognition, prevention, and treatment. J Oral 
Maxiliofac Surg. 2005;63:1567-75. 

36. Popovic KS, Kocar M. Imaging findings in bisphosphonate-induced 
osteonecrosis of the jaws. Radiol Oncol. 2010;Dec 44(4):215- 9. 

37. Bisdas S, Chambron PN, Smolarz A, Sader R, Vogl TJ, Mack MG. 
Biphosphonate-induced osteonecrosis of the jaws: CT and 
MRI spectrum of findings in 32 patients. Clln Radiol. 2008;63: 
71 - 7. 

38. Sedghizadeh PP. Kumar SK, Gorur A, Schaudinn C, Shuler CF, 
Costerton JW. Microbial biofilms in osteomyelltls of the jaw and 
osteonecrosis of the j aw secondary to bisphosphonate therapy. J 
Am Dent Assoc. 2009;140:1259-65. 

39. Sedghlzadeh PP, Yooseph S, Fadrosh OW, et al. Metagenomic 
investigation of microbes and viruses in patients with jaw 
osteonecrosis associated with bisphosphonate therapy. Oral 
Surg Oral Med Oral Pathol Oral Radio!. 2012;114:764-70. 

40. Bast F, Fuss H, Schrom T. BIiaterai bisphosphonate-associated of 
osteone<rosis the external ear canal : a rare case. HNO. 201 2; 
60:1127-9. 

41. Kharazmi M, Hallberg P, Warfvinge G. Bisphosphonate-associated 
osteonecrosis of the external auditory canal. J Craniofac Surg. 
2013;24:2218- 20. 

42. Kharazmi M, Hallberg P, Persson U, Warfvinge G. Bbi:,i·,osphonvtc 
associated osteonecrosis of the auditory canal. Br J Oral Maxillofac 
Surg. 2013;S1:e285-7. 

43. Polizzotto MN, Cousins V, Schwarer AP. Bisphosphonate-associated 
osteonecrosis of the auditory canal. Br J Haematol 2006;132:1 14. 

44. Salzman R, Hoza J, Perina V, Starek I. Osteonecrosls of the external 
auditory canal associated with oral blsphosphondl~ therapy: c.i~c 
report and literature review. Otol Neurotol. 2013;34:209- 13. 

45. Wickham N, Crawford A, Carney AS, Goss AN. Bisphosphonate
assoclated osteonecrosls of the external auditory canal. J Laryngol 
Otol. 2013; 127(Suppl 2):551-S53. DOI: 10.1017 /S0022215113001 OOX. 

46. Froelich K, Radeloff A, Kohler C, et al. Bisphosphonate-induced 
osteonecrosis of the external ear canal: a retrospective study. Eur 
Arch Otorhlnolaryngol. 2011;268:1219- 25. 

47. Cartsos VM, Zhu S, Zavras Al. Bisphosphonate use and the risk of 
adverse jaw outcomes: a medical claims study of 714,217 people. J 
Am Dent Assoc. 2008;139:23-30. 

4S. Fellows JL, Rindal DB, Barasch A, et al. ONJ in two dental practice
based research network regions. J Dent Res. 2011;90:433-8. 

49. Grant BT, Amenedo C, Freeman K. Kraut RA. Outcomes of placing 
dental implants in patients taking oral bisphosphonates: a review 
of 115 cases. J Oral Maxillofac Surg. 2008;66:223-30. 

SO. Hong JW, Nam W, Cha JH, et al. Oral bisphosphonate-related 
osteonecrosis of the jaw: the first report in Asia. Osteoporos Int. 
2010;21:847-53 . 

Journal of f.lone nod Miner~! ReSl'.arch 



51. Iwamoto J, Sato Y, Uzawa M, Takeda T, Matsumoto H. Three-year 
experience with alendronate treatment in postrnenopausal 
osteoporotic Japanese women with or without type 2 diabetes. 
Diabetes Res Clin Pract. 2011;93:166-73. 

52. Lo JC, O'Ryan FS, Gordon NP, et al. Prevalence of osteonecrosis of 
the jaw in patients with oral bisphosphonate exposure. J Oral 
Maxillofac Surg. 2010;68:243-53. 

53. Malden N, Lopes V. An epidemiological study of alendronate· 
related osteonecrosis of the jaws. A case series from the south-east 
of Scotland with attention given to case definition and prevalence. 
J Bone Miner Metab. 2012;30:171-82. 

54. Mavrokokki T, Cheng A. Stein B, Goss A. Nature and frequency of 
bisphosphonate-associated osteonecrosis of the jaws in Australia. J 
Oral Maxillofac Surg. 2007;65:4 J 5-23. 

55. Taylor T, Bryant C, Popat S. A study of 225 patients on 
bisphosphonates presenting to the bisphosphonate clinic at King's 
College Hospital. Br Dent J. 2013;214:E18. 

56. Yamazaki T, Yamori M, Yamamoto K, et al. Risk of osteomyelitis of 
the jaw induced by oral bisphosphonates in patients taking 
medications for osteoporosis: a hospital-based cohort study in 
Japan. Bone. 20l2;5l:882-7. 

57. Sedghizadeh PP, Stanley K, Caligiuri M, Kofkes S, Lowry B, Shuler CF. 
Oral bisphosphonate use and the prevalence of osteonecrosis of 
the jaw: an institutional inquiry. J Am Dent Assoc. 2009;140:61-6. 

58. Lyles KW, Colon-Emeric CS, Magaziner JS, et al. Zoledronic acid and 
clinical fractures and mortality after hip fracture. N Engl J Med. 
2007;357:1799-809. 

59. Powell D, Bowler C, Roberts T, et al. Incidence of serious side effects 
with intravenous bisphosphonate: a clinical audit. QJM. 2012;105: 
965-71. 

60. Sieber P, Lardelli P, Kraenzlin CA, Kraenzlin ME, Meier C. Intravenous 
bisphosphonates for postmenopausal osteoporosis: safety profiles 
of zoledronic acid and ibandronate In clinical practice. Clin Drug 
lnvestig. 2013;33:117-22. 

61. Felsen berg D. Osteonecrosis ofthe jaw-a potential adverse effect 
of bisphosphonate treatment. Nat Clin Pract Endocrinol Metab. 
2006;2:662-3. 

62. Khan AA, Rios LP, Sandor GK, et al. Bisphosphonate-associated 
osteonecrosis of the jaw in Ontario: a survey of oral and 
maxillofacial surgeons. J Rheumatol. 2011;38:1396-402. 

63. Vestergaard P, Schwartz K, Rejnmark L, Mosekilde L, Pinholt EM. 
Oral bisphosphonate use Increases the risk for inflammatory jaw 
disease: a cohort study. J Oral Maxlllofac Surg. 2012;70:821-9. 

64. Etminan M, Aminzadeh K, Matthew IR, Brophy JM. Use of oral 
bisphosphonates and the risk of aseptic osteonecrosis: a nested 
case-control study. J Rheumatol. 2008;35:691-5. 

65. Tennis P, Rothman KJ, Bohn RL, et al. Incidence of osteonecrosis of 
the jaw among users of bisphosphonates with selected cancers or 
osteoporosis. Pharmacoepidemiol Drug Saf. 2012;21:810-17. 

66. Ulmner M, Jarnbring F, Torring 0. Osteonecrosis of the jaw in 
Sweden associated with the oral use of bisphosphonate. J Oral 
Maxillofac Surg. 2014;72:76-82. 

67. Grbic JT, Landesberg R, Lin SQ, et al. Incidence of osteonecrosis of 
the jaw in women with postmenopausal osteoporosis in the health 
outcome's and reduced incidence with zoledronic acid once yearly 
p ivotal fracture trial. J Am Dent Assoc. 2008;139:32- 40. 

68. Devogelaer JP, Brown JP, Burckhard! P, et al. Zoledronic acid 
efficacy and safety over live years in postmenopausal osteoporosis. 
Osteoporos Int. 2007;18:1211-8. 

69. Papapoulos S. Chapurlat R, Ubanati C, et al. Five years of 
denosumab exposure In women with postmenopausal osteoporo
sis: results from the first two years of the FREEDOM extension. J 
Bone Miner Res. 2012;27:694-701. 

70. Orwoll E, Teglbjaerg CS, Langdaht BL, et at. A randomized, placebo
controlled study of the effects of denosumab for the treatment of 
men with low bone mineral density. J Clin Endocrinol Metab. 
2012;97:3161-9, 

71. Cummings SR. San MJ, McClung MR, et al. Denosumab for 
prevention of fractures in postmenopausal women with osteopo
rosis. N Engl J Med. 2009;361:756-65. 

72. Bone HG, Chapurlat R, Brandi ML, et al. The effec.t of three or six 
years of denosumab exposure in women with postmeno_pausal 
osteoporosis; results from the FREEDOM extension. J Clin 
Endocrinol Metab. 2013;98:4483-92. · 

73. Zavras Al, Zhu S. Bisphosphonates are associated with increased 
risk for jaw surgery in medical claims data: is it osteonecrosis? J Oral 
Maxillofac Surg. 2006;64:917-23. 

74. Pazianas M, Bltimentals WA, Miller PD. Lack of association between 
oral bisphosphonates and osteonecrosis usi_ng jaw surgery as a 
surrogate marker. Osteoporos Int. 2008;19:773-9. 

75. Grbic JT, Black DM, Lyles KW, et al. The incidence ofosteonecrosis of 
the jaw in patients receiving 5 mittigrams of zoledronic acid: data 
from the health outcomes and reduced incidence with zoledronic 
acid once yearly clinical trials program. J Am Dent Assoc. 
2010;141 :1365-70. 

76. Sambrook PN, Roux C, Devogelaer JP, et al. Bisphosphonates and 
glucocorticoid osteoporosis in men: results of a randomized 
controlled trial comparing zoledronic acid with risedronate. Bone. 
2012;50:289-95. 

77. Boonen S, Reginster JY, Kaufman JM, et al. Fracture risk and 
zoledronic acid therapy in men with osteoporosis. N Engl J Med. 
2012;367:1714-23. 

78. McClung M, Miller P, Recknor C, et al. Zoledronic acid for the 
prevention of bone loss in postmenopausal women with low bone 
mass: a randomized controlled trial. Obstet Gynecol. 2009;114: 
999-1007. 

79. Lewiecki EM, Miller PO, McClung MR, et al. Two-year treatment with 
denosumab (AMG 162) in a randomized phase 2 study of 
postmenopausal women with low BMD. J Bone Miner Res. 
2007;22:1832-41. 

80. Bone HG, Bolognese MA, Yuen CK, et al. Effects of denosumab on 
bone mineral density and bone turnover in postmenopausal 
women. J Clin Endocrinol Metab. 2008;93:2149-57. 

81. Miller PD, Bolognese MA, Lewieckl EM, et al. Amg Bone Loss Study 
Group. Effect of denosumab on bone density and turnover in 
postmenopausal women with low bone mass after long-term 
continued, discontinued, and restarting of therapy: a randomized 
blinded phase 2 clinical trial. Bone. 2008;43:222-9. 

82. Kendler DL, Roux C, Benhamou CL, et al. Effects of Denosumab on 
bone mineral density and bone turnover in postmenopausal 
women transitioning from alendronate therapy. J Bone Miner Res. 
201 O;Jan 2S{l}:72-8 l. 

83. Zervas K, Verrou E, Teleioudis Z, et al. Incidence, risk factors and 
management of osteonecrosis of the jaw in patients with multiple 
myeloma: a single-centre experience in 303 patients. Br J Haematol. 
2006;134:620-3. 

84. Aguiar BD, Bohn SU, Cabrera Suarez MA, Aguiar MJ. Assessment 
of renal toxicity and osteonecrosis of the jaws in patients 
receiving zotedronic acid for bone metastasis. Ann Oncol. 
2007;18:556-60. 

85. Aragon-Ching JB. Ning YM, Chen CC, et al. Higher incidence of 
Osteonecrosis of the Jaw (ONJ) in patients with metastatic 
castration resistant prostate cancer treated with anti·angiogenic 
agents. Cancer Invest. 2009;27:221-6. 

86. Assaf AT, 5meets R, Riecke B, et al. Incidence of bisphosphonate· 
related osteonecrosis of the jaw in consideration of prima,y 
diseases and concomitant therapies. Anticancer Res: 2013;33: 
3917-24. 

87. Baqa in ZH, Saw air FA, Tamimi Z, et al. Osteonecrosis of jaws related 
to intravenous bisphosphonates: the experience of a Jordanian 
teaching hospital. Ann R Coll Surg Engl. 2010;92;489-94. 

88. Berenson JR, Yellin 0, Boccia RV, et al. Zoledronic acid markedly 
improves bone mineral density for patients with monoclonal 
gammopathy of undetermined significance and bone loss. Clin 
Cancer Res. 2008;14:6289-95. 

89. Bonomi M, Nortifll R, Molino A, et al. Renal toxicity and 
osteonecrosis of the jaw in cancer patients treated with 
bisphosphonates: a long-term retrospective analysis. Med Oncol. 
2010;27:224-9. 

90. Capalbo S, Delia M. Diomede 0, et al. Jaw osteonecrosis associated 
with use of bisphosphonates and chemotherapy: paradoxical 

Journal of Bone and M'ineral Rese11rch OSTEONECROSIS OF THE JAW: REPORT FROM THE INTERNATIONAL ONJ TASK FORCE 17 • 



r 

complication of treatment of bone lesions in multiple myeloma 
patients. Int J Hematol. 2006;83:439-42. 

91. Chang ST, Tenforde AS, Grimsrud CD, et al. Atypical femur fractures 
among breast cancer and multiple myeloma patients receiving 
intravenous bisphosphonate therapy. Bone. 2012;5 l :524-7. 

92. Clarke BM, Boyette J, Vural E, Suen JV, Anaissie EJ. Stack BC Jr. 
Blsphosphonates and jaw osteonecrosis: the UAMS experience. 
Otolaryngol Head Neck Surg. 2007;136:396-400. 

93. Dimopoulos MA, Kastritis E, Anagnostopoulos A, et al. Osteonec· 
rosis of the jaw In patients with multiple myeloma treated with 
blsphosphonates: evidence of increased risk after treatment with 
zoledronic acid. Haematologica. 2006;91 :968-71. 

94. Estito CL, Van Poznak CH, Willams T, et al. Osteonecrosis of the 
maxilla and mandible In patients with advanced cancer treated 
with blsphosphonate therapy. Oncologist. 2008;13:911-20. 

95. Guo, neri V, Donati S, Nicolini M, Giovannellf c;, D'Amlco R, Conte PF. 
Renal safety and efficacy of l.v. bisphosphonates In patients with 
skeletal metastases treated for up to 1 o years. Oncologist. 
2005;10:842-8. 

96. Mauri D, Valachis A, Polyzos IP, Polyzos NP, Kamposioras K, Pesce 
LL. Osteonecrosis of ihe Jaw and use of bisphosphonates In 
adjuvant breast cancer treatment: a meta-analysis. Breast Cancer 
Res Treat. 2009;116:433- 9. 

97. Orita Y, Sugitani I, Toda K, Manabe J, Fujimoto Y. Zoledronic acid in 
the treatment of bone metastases from di fferentiated thyroid 
carcinom.i. Thyr.oid. 2011 ;21:31-:'i. 

98. Smidt-Hansen T, Folkmar TB, Fode K, Agerbaek M, Donskov F. 
Combination of zoledronic acid and targeted therapy is active but 
may induce osteonecrosis of the jaw In patients with metastatic 
renal cell carcinoma. J Oral Maxlllofac Surg. 2013;71 :1532-40. 

99. Walter C, Al-Nawas B, Du BA, Buch L, Harter P, Grot.z KA. Incidence of 
bisphosphonate-assoclated osteonecrosis of the Jaws in breast 
cancer patients. Cancer. 2009;115:1631-7. 

100. Young J, Nlckman NA, Biskuplak JE, et al. Characterization of clinlcal 
course and usual care patterns in female metastatic breast cancer 
patients treated with zoledronlc acid. Breast. 2013;22:495-503. 

101. Berenson JR, Yellln 0, Crowley J, et al. Prognostic factors and jaw 
and renal complications among multiple myeloma patients treated 
with zoledronic acid. Am J Hematol. 2011 ;86:25-30. 

102. Beusellnck B, Wolter P, Karadimou A, et al. Concomitant oral tyrosine 
kinase inhibitors and bisphosphonates in advanced renal cell 
carcinoma with bone metastases. Br J Cancer. 2012;107:166S-71. 

103. Franclni F, Pascucci A, Francini E, et ai. Osteonecrosls of the jaw in 
p11tients with cancer who received zoledronic acid and bevacizu
mab. J Am Dent Assoc. 2011;142:506-13. 

104. Ganguly S, Divine CL, AIJitawi OS, Abhyankar S, McGulrk JP, Graves 
L. Prophylactic use of zoledronlc acid to prevent early bone loss Is 
safe and feasible in patients with acute myeloid leukemia 
undergoing allogeneic stem cell transplantation. Clin Transplant. 
2012;26:44 7-53. 

105. Hoff AO, Toth BB, Altundag ·K, et al. Frequency and risk fa1..tu,~ 
associated with osteonecrosis of the Jaw in cancer patients treated 
with intravenous bisphosphonates. J Bone Miner Res. 2008; 
23:826- 36. 

106. Jadu F, Lee L, Pharoah M, Reece D, Wang LA retrospective study 
assessing the incidence, risk factors and comorbidities of 
pamidronate-related necrosis of the Jaws in multiple myeloma 
patients. Ann Oncol. 2007;18:2015-9. 

107. Walter C, AI-Nawas 8, Grotz KA, et al. Prevalence and risk fac tors of 
bisphosphonate-associated osteonecrosis of the jaw in prostate 
cancer pat ients with advanced disease treated with zoledronate. 
Eur Urol. 2008;54:1066- 72. 

108. Amadon D, Aglietta M, Alessi B, et al. Efficacy and safety of 12· 
Wi?Pkly vPrsus 4-weekly zoledronlc acid for prolonged treatment of 
patients with bone metastases from breast cancer (ZUUMJ: a phase 
3, open-label, randomised, non-inferiority trial. Lancet Oncol. 
201 3; 14:663-70. 

109. Bamias A, K;istritis ~. Samia C, et di. Osteonecrosis ·or the jaw in 
cancl:!r dfler treatment with blsphosphonates: incidence and risk 
factors. J Cl ln Oncol. 2005;23:8580-7. 

• 18 KHAN ET AL. 

110. Barrett-Lee P, Casbard A, Abraham J, et al. Oral ibandronic acid 
versus intravenous zofedronic acid in treatment of bcme metasta· 
ses from breast cancer: a randomised, open label, non-Inferiority 
phase 3 trial. Lancet Oncol. 201 4;1 5:114- 22. 

111. Boonyapakorn T, Schirmer I, Reichart PA, Sturm I, Massenke,I G. 
Bisphosphonate·induced osteonecrosis of the Jaws: prospective 
study of 80 plftients with multiple myeloma and other malignan
cies. Oral Oncol. 2008;44:857-69. 

112. Cafro AM, Barbara no L, Nosari AM, et al. Ostecinecrosls of the Jaw In 
patients with multiple myeloma treated with bisphosphonates: 
definition and management of the risk related to zoledronic acid. 
Clin Lymphoma Myeloma. 2008;8:11 l-6. 

1 13. Christodoulou C, Pervena A, Klouvas G, et al. Combination of 
bis-phosphonates and antianglogenic factors induces osteonec· 
rosis of the jaw more frequently than . bisphosphonates alone. 
Oncology. 2009;76:209-11. 

114. Coleman R, Woodward E, flmwn J, et al. Safety of zoledronic acid 
and Incidence of osteonecrosis of the jaw (ONJ) during adjuvant 
therapy in a randomised phase Ill trial (AZURE: BIG 01-04) for 
women with stage 11/111 breast cancer. Breast Cancer Res Treat. 
2011; 127:429-38. 

115. Coleman RE, Marshall H, Cameron D, et al. Breast-cancer adjuvant 
therapy with zoledronic acid. N Engl J Med. 2011;36S:1396-405. 

116. Corso A, Varettoni M, Zappasodi P, et al. A different schedule of 
zoledronlc acid can reduce the risk of the osteonecrosis of the jaw 
in patients with multiple myeloma. Leukemia. 2007;21:1545-8. 

117. Crawford BS, M<:Nulty RM, Kr~ut EH, Turowski RC Extended use of 
intravenous bisphosphonate therdJJY for the prevention of skeletal 
complications in patients with cancer. Cancer Invest. 2009; 
27:984-8, 

118. Dimopoulos MA, Kastritis E, Bamia C, et al. Reduction of 
osteonecrosis of the Jaw (ONJ) after lniplementation of preventive 
measures in pat ients with multiple myeloma treated with 
zoledronic acid. Ann Oncol. 2009;20:117-20. 

119. Ding X. Fan Y, Ma F, et al. Prolonged administration of 
blsphosphonates is well-tolerated and effective for skeletal-related 
events in Chinese breast cancer patients with bone metastasis. 
Breast. 2012;2 1 :544-9. 

120. Fizazl I<, Carducci M, Smith M, et al. Denosumab versus zoledronic 
acid for treatment of bone metastases in men with castration
resistant prostate cancer: a randomised, double-blind study. 
Lancet. 2011;377:813- 22. 

121. Gimslng P, Carlson K, Turesson I, et al. Effect of pamidronate 30 mg 
versus 90 mg on physical function in patients with newly 
diagnosed multiple myeloma (Nordic Myeioma Study Group): a 
double-blind, r<1rtuomised contrc!!ed trial. I 11nret Oncol. 
201 O; 11 :973-82. 

122. Haidar A, Jonler M, Folkmar TB, Lund L. Bisphosphonate (zoledronic 
acid}-lnduced osteonecrosis of the Jaw. Scand J Urol Nephrol. 
2009;43:442-4. 

i23. Henry DH, Costa L, Goldwasser F, et al. Randomized, double-blind 
study of deno~u111ob versus zoledronic acid in thP treatment of 
bone metastases In patients with advanced cancer (excluding 
breast and prostate cancer) or multiple myeloma. J Clin Oncol. 
2011;29:1125- 32. 

124. Hines SL, Mincey B. Dentchev T, et al. Immediate versus delayed 
zoledronic acid for prevention of bone loss in postmenopausal 
women with breast cancer starting letrozole after tamoxlfen
N03CC. Breast Cancer Res Treat. 2009;1 17:603- 9. 

125. Ibrahim T, Barbant l F, Giorgio-Marrano G, et al. Osteonecrosis of the 
jaw in patients with bone metastases treated with blsphospho· 
nates: a retrospective study. Oncologist. 2008;13;330-6. 

126. Kucukzeybek Y, Gorumlu G, Cengiz E. et al. Bisphosphonate 
(zoledronlc acid) associated adverse events: single center experi· 
ence. UHOD. 2010;20(3):135-40. 

127. La VN, Bareggi C, Garassino M, tsorgonovo K, Suu1lati r, Pedretti 
D, Bianchi C. Perrone S, Mihail D, Cobelll S, Mantlca C, Rizzo A, 
Farina G. Osteonecrosis of the jaw (ONJ) in cancer patients 
trP.il!Pd with bisphosphonates: how the knowledge of a 
phenomenon can ch.inge its evolution. Su pport Care C.mw ,. 
2008;16:13 11-·S. 

Jouru.,l of 'Rone and MinHa) RC\seard1 



128. Miyazaki H, Nishlmatsu H, Kume H, et al. Leukopenia as a risk factor 
for osteonecrosis of the jaw in metastatic prostate cancer treated 
using zoledronlc acid and docetaxel. BJU Int. 2012;110:E520-5. 

129. Morgan GJ, Davies FE, Gregory WM, et al. First-fine treatment with 
-zoledronic acid as compared with clodronic acid in multiple 
myeloma (MRC Myeloma IX): a randomised controlled trial. Lancet. 
2010;376:1989-99. 

130. Musto P, Petrucci MT, Bringhen S, et al. A multicenter, 
randomized clinical trial comparing zoledronic acid versus 
observation In patients with asymptomatic myeloma. Cancer. 
2008;113:1588- 95. 

131. Nicolatou-Galitis 0, Papadopoulou E, Sarri T, et al. Osteonecrosis of 
the Jaw in oncology patients treated with bisphosphonates: 
prospective experlenc-e of a dental oncology referral center. Oral 
Surg Oral Med Oral Pathol Oral Radiol Endod. 2011;112:195-202. 

132. Ortega C, Montemurro F, Faggiuolo R, et al. Osteonecrosis of the 
jaw in prostate cancer patients with bone metastases treated with 
zoledronate: a retrospective analysis. Acta Oncol. 2007;46:664-8. 

133. Rathbone EJ, Brown JE, Marshall HC, et al. Osteonecrosis of the Jaw 
and oral health-related quality of life after adjuvant zoledronic acid: 
an adJuvant zoledronic acid to reduce recurrence trial subprotocol 
{BIGOl /04). J Clin Oncol. 2013;31:2685-91. 

134. Ria R. Reale A, Moschetta M, MangialardiG, Dammacco F, Vacca A.A 
retrospective study of skeletal and disease-free survival benefits of 
zoledronic acid therapy in patients with multiple myeloma treated 
with novel agents. Int J Clin Exp Med. 2013;6(1):30-8. 

135. Sanna G, Preda L, Bruschinl R, et al. Blsphosphonates and jaw 
osteonecrosis in patients with advanced breast cancer. Ann Oneel. 
2006;17: l S 12-6. 

136. Scagliotti GV, Hirsh V, Siena S, et al. Overall survival improvement in 
patients with lung cancer and bone metastases treated with 
denosumab versus zoledronic acid: subgroup analysis from a 
randomized phase 3 study. J Thorac Oncol. 2012;7:1823-9. 

137. Scagliotti GV, Kosmidis P, de Marinis F, et al. Zoledronic acid in 
patients with stage IIINB NSCLC: results of a randomized, phase Ill 
study. Ann Oncol. 2012;23:2082-7. 

138. Tassinari D, Poggi B, Nicoletti S, et al. Zoledronic acid treatment at 
home: safety data from an observational prospective trial. J Palliat 
Med. 2007;10:352-8. 

139. Wang EP, Kaban LB, Strewler GJ, Raje N, Troulis MJ. Incidence of 
osteoneaosis of the jaw in patients with multiple myeloma and 
breast or prostate cancer on Intravenous bisphosphonate therapy, 
J Oral Maxlllofac Surg. 2007;65:132B-31, 

140. Flzazl K, Lipton A, Marlette X, et al. Randomized phase II trial of 
denosumab in patients with bone metastases from prostate 
cancer, breast cancer, or other neoplasms after intravenous 
bisphosphonates. J Clln Oncol. 2009;27:1564-71. 

141. Upton A, Steger GG, Figueroa J, et al. Extended efficacy and safety 
of denosumab In breast cancer patients with bone metastases not 
receiving prior bisphosphonate therapy. Clin Cancer Res. 
2008;14:6690-6, 

142. Smith MR, Egerdle 8, Hernandez TN, et al. Denosumab in men 
recei ving androgen-deprivation therapy for prostate cancer. N Engl 
J Med. 2009;361 :745-55. 

143. Walter C, Al-Na.was 8, Frlckhofen N, et al. Prevalence of 
blsphosphonate associated osteonecrosls of the jaws in multiple 
myeloma patients. Head Face Med. 2010;6:11. 

144. Aviles A, Neri N, Huerta-Guzman J, Nambo MJ, Randomized clinical 
trial of zoledronlc acid in multiple myeloma patients undergoing 
high-dose chemotherapy and stem-cell transplantation. Curr 
Oncol. 2013;Feb;20(1): e13- 20. 

145. Gnant M, Mlineritsch B, Stoeger H, et al. Adjuvant endocrine 
· therapy plus zoledronic acid In premenopausal women with early· 

stage breast cancer: 62-month follow-up from the ABCSG-12 
randomised trial. Lancet Oncol. 2011;12:631-41. 

146. Israeli RS, Rosenberg SJ, Saltzstein DR, et al. The effect of zoledronic 
acid on bone mineral density in patients undergoing androgen 
deprivation therapy. Clin Genitourin Cancer. 2007;5:271-7. 

147. Safra T, Bernsteln-Molho R. Greenberg J, et al. The protective effect 
of zoledronic acid on bone loss in postmenopausal women with 

early breast cancer treated with sequential tamoxi fen and 
letrozole: a prospective, randomized, phase II trial. Oncology. 
2011;81:298-305. 

148. Von Minckwitz G, Zahm MD, Eidtmann H, et al. Zoledronic acid 
(ZOL) as add-on therapy in patients with tumour residuals after 
neoadjuvant chemotherapy for primary breast career -first Interim 
safety analysisofthe NAT AN study (GBG 36). Abstract Book EBCC7 • 
European Breast Cancer Conference, Barcelona, Spain, 24-27 
March 2010. EJC Suppl. 201 0;8(3):65. DOI: 10.1016/S 1359-6349(10) 
70055-0. 

149. Smith MR, Saad F, Coleman R. et al. Denosumab and bone
metastasis-free survival in men with castration-resistant prostate 
cancer: results of a phase 3, randomised, placebo-controlled trial. 
Lancet. 2012;379:39-46. 

1 SO. Vahtsevanos K, Kyrgidis A, Verrou E, et al. Longitudinal cohort study 
of risk factors in cancer patients of bisphosphonate·related 
osteonecrosis of the jaw. J Clin Oncol. 2009;27:5356-62. 

1S1 . Lipton A, Flzazi K. Stopeck AT, et al. Superiority of denosumab to 
zoledronlc acid for prevention of skeletal-related events: A 
combined analysis of 3 pivotal, randomised, phase 3 trials. Eur J 
Cancer. 2012;Nov 48(16):3082-92. 

152. Van den Wyngaert T, Wouters K, Hulzing MT, Vermorken JS. RANK 
ligand inhibition in bone metastatic cancer and risk of osteonec
rosis of the jaw (ONJ): non bis in idem? Support Care Cancer. 
2011;19:2035-40. 

153. Peddi P, Lopez-Olivo MA, Pratt GF, Suarez-Almazor ME. 
Denosumab in patients with cancer and skeletal metastases: a 
systematic review and meta-analysis. Cancer Treat Rev. 2013;Feo 
39(1):97-104. 

154. Santis A, Zlssimopoulos A, Sountoulldes P, et al. Bisphosphonate· 
Induced osteonecrosls of the Jaw in patients with bone metastatic, 
hormone-sensitive prostate cancer. Risk factors and prevention 
strategies. Tumorl. 2011;97:479-83. 

155. Fehm T, Beck V, 8anys M, et al. Bisphosphonate-induced 
osteonecrosis of the Jaw (ONJ): Incidence and risk factors in 
patients with breast cancer and gynecological malignancies. 
Gynecol Oncol. 2009;112:605-9. · 

156. Pozzi S, Marcheselli R, Sacchi s. et al. Bisphosphonate-associated 
osteonecrosis of the jaw: a review of 35 cases and an evaluation of 
its frequency in multiple myeloma patients. Leuk Lymphoma. 
2007;48:56- 64. 

157. Guarneri V, Miles D, Robert N, et al. 8evacizumab and osteonecrosis 
of the Jaw: incidence and association with bisphosphonate therapy 
in three large prospective trials in advanced breast cancer. Breast 
Cancer Res Treat. 2010;122:181-8. 

158. Tosi P, Zamagni E, Canginl D, et al. Osteonecrosis of the jaws in 
newly diagnosed multiple myeloma patients treated with 
zoledronic acid and thalidomide-dexamethasone. Blood. 2006; 
108:3951-2. 

159. Cetiner s. Sucak GT, Kahraman SA, et al. Osteonecrosis of the jaw in 
patients with multiple myeloma treated with zoledronic acid. J 
Bone Miner Metab. 2009;27:435-43. 

160. Abrahamsen 8. Bisphosphonate adverse effects, lessons from large 
databases. Curr Opin Rheumatol. 2010;22:404-9. 

161. Badros A, Weikel D, Salama A, et al. Osteonecrosis of the jaw in 
multiple myeloma patients: clinical features and risk factors. J Clin 
Oncol. 2006;24:945-2. 

162. Hoff AO, Toth B, Hu M, Hortobagyl GN, Gagel RF. Epidemiology and 
risk factors for osteonecrosis of the Jaw in cancer patients. Ann NY 
Acad Sci. 201 1;1218:47- 54. 

163. Troeltzsch M. Woodlock T, Kriegelsteln S, Steiner T, Messllnger K, 
Troeltzsch M. Physiology and pharmacology of nonbisphospho
nate drugs Implicated in osteonecrosis of the jaw.J Can Dent Assoc. 
2012;78:c8S. 

164. Wessel JH, Dodson TB, Zavras Al. Zoledronate, smoking. and 
obesity are strong risk factors for osteonecrosls of the jaw: a case
control study. J Oral Maxll!ofac Surg. 2008;66:625-31. 

165. Kyrgidis A, Vahtsevanos K. Koloutsos G, et al. Blsphosphonate
related osteonecrosis of the jaws: a case-control study of risk 
factors in breast cancer patients. J Clln Oneel. 2008;26:4634-8. 

Journal of Ilone and Mineral Research OSTEONECROSIS OF THE JAW: REPORT FROM THE INTERNATIONAL ONJ TASK FORCE 19 • 



166. lesclous P, Abi NS, Carrel JP, et al. Bisphosphonate-.issodated 
osteonecrosis of the jaw: a key role of inflammation? Bone. 
2009;4S:843-2. 

l 67. Tsao C, Darby I, Ebeling PR, et al. Oral health risk factors for 
bisphosphonate-associated jaw osteonecrosis. J Oral Maxillofac 
Surg. 2013;71:1360-6. 

168. Vescovi P, Campisi G, Fusco V, et al. Surgery-triggered and non 
surgery-triggered bisphosphonate-related osteonecrosis of the 
jaws (BRONJ): a retrospective analysis of 567 cases in an Italian 
multicenter stu9y. o,al Oncol. 2011 ;47:191-4. 

169. Nair SP, Meghji 5, Wilson M, Reddi K, White P, Henderson B. 
Bacterially induced bone destruction: mechanisms and miscon
ceptions. Infect lmmun. 1996;64:23 71-80. 

170. Meghji 5, Crean SJ, Hill PA, et al. Surface-associated protein from 
Staphylococcus aureus stimulates osteoclastogenesis: possible role 
in S. aureus-lnduced bone pathology. Br J RheumatoL 1998;37: 
1095-101. 

171. Hikita H. Miyazawa K. Tabuchi M, Kimura M, Goto S. Bisphosphonate 
administration prior to tooth extraction delays initial healing of the 
extraction socket in rats. J Bone Miner Metab. 2009;27:663-72. 

172. Landesberg R, Woo V, Cremers S, et al. Potential pathophysiological 
mechanisms in osteonecrosis of the jaw. Ann N Y Acad Sci. 
2011;1218:62-79. 

173. Ravosa MJ, Ning J, Liu Y, Stack MS. Bisphosphonate effects on the 
behaviour of oral epithelial cells and oral libroblam. Arch Oral Biol. 
2011 ;56:491-8. 

174. Pabst AM, Ziebart T, Koch FP, Taylor KY, AI-Nawas B, Walter C. The 
influence of bisphosphonates on viability, migration, and apopto· 
sis of human oral keratinocytes-in vitro study. Clin Oral lnvestig. 
2012;16:87-93. 

175. Yamashita J, Koi K Yang DY, McCauley LK. Effect of zoledronate on 
oral wound healing in rats. Clin Cancer Res. 2011;17:1405-14. 

176. Allam E, Allen M, Chu TM, Ghoneima A. Jack WL. In vivo effects of 
zoledronic acid on oral mucosal epithelial cells. Oral Dis. 
2011;17:291-7. 

177. Fournier P, Boissier S. Filleur S, et al. Bisphosphonates inhibit 
angiogenesis in vitro and testosterone-stimulated vascular re
growth in the ventral prostate in castrated rats. Cancer Res. 
2002;62:6538-44. . 

178. Santini D, Vincenzi B, Dicuonzo G, et al. Zoledronic acid induces 
significant and long-last Ing modifications of circulatlng angiogenlc 
factors in cancer patients. Clin Cancer Res. 2003;9:2893-7. 

179. Vincenzi B, Santini D, Dicuonzo G, et al. Zoledronic acid-related 
angiogenesis modifications and survival in advanced breast cancer 
patients. J Interferon Cytokine Res. 2005;25:144-51. 

180. Allen MR. Animal models of osteonecrosis of the jaw. J 
Mus.culoskelet Neuronal Interact. 2007;7:358-60. 

181. Allen MR. Bisphosphonates and osteonecrosis of the jaw: moving from 
the bedside to the bench. Cells Tissues Organs. 2009;189:289-94. 

182. Brunello A, Sala G, Bedogni A, Scaglione D, Basso U. Worsening of 
osteonecrosis of the jaw during treatment with sunitinib in a 
patient with metastatic renal cell carcinoma. Bone. 2009;44:173-5. 

183. Hansen T, Kunkel M, Weber A, James KC. Osteonecrosis of the jaws 
in patients treated with bisphosphonates - histomorphologic 
analysis in comparison with infected osteoradionecrosis. J Oral 
Pathol Med. 2006;35:155-60. 

184. Soki FN, Li X, Berry J, et al. The effects of zoledronic acid in the bone 
and vasculature support of hematopoietic stem cell niches. J Cell 
Biochem. 2013;114:67-78. 

185. Marini F, Tonelli P, Cavalli L, et al. Pharmacogenetics of 
bisphosphonate-associated osteonecrosis of the jaw. Front Biosci 
(Elite Ed).2011;3:364-70. 

186. English BC, Saum CE, Adelberg OE, et al. A SNP in CYP2C8 is not 
associated with the development of bisphosphonate-related 
osteonecrosis of the jaw in men with castrate-resistant prostate 
cancer. Ther Clin Risk Manag. 2010;6:579-83. 

187. Sarasquete ME, Garcia-Sanz R, Marin L, et al. Bisphosphonate
related osteonecrosis of the jaw is associated with polymorphisms 
of the cytochrome P450 CYP2C8 in multiple myeloma: a genome-

• 20 KHAN ET Al. 

wide single nucleotide polymorphism analysis. Blood. 2008; 
l 12:2709-1 2. 

188. Katz J, Gong Y, Salmasinia D. et al. Genetic ' polymorphisms and 
other risk factors associated with bisphosphonate induced 
osteonecrosis oft he jaw. Int J Oral Maxillofac Surg. 2011 ;40:605-11. 

189. Nicoletti P, Cartsos VM, Palaska PK. Shen Y, floratos A, Zavras AL 
Genomew~e pharmacogenetics of bisphosphonate-induced osteo
necrosis of the jaw: the role of RBMS3. Oncologist. 2012;17:279-87. 

190. Hutchinson M, O'Ryan F, Chavez V, et al. Radiographic findings in 
bisphosphonate-treated patients with stage O disease in the 
absence of bone exposure. J Ora I Maxi I lofac Surg. 20 ·1 0;68:2232-40. 

191. Dore F, Filippi L, Biasotto M, Chiandussi S. Cavalli F, Di LR. Bone 
scintigraphy and SPECT/CT of bisphosphonate-induced osteonec
rosis of the jaw. J Nucl Med. 2009;S0:30-S. 

192. Treister NS, Friedland B, Woo SB. Use of cone-beam computerized 
tomography for eval.uation of bisphosphonate-associated osteo
necrosis of the jaws. Oral Surg Oral Med Oral Pathol Oral Radiol 
Endod. 2010;109:753-64. 

193. Stockmann P, Hinkmann FM, Lell MM, et al. Panoramic radiograph, 
computed tomography or magnetic resonance imaging. Which 
imaging technique should be preferred in bisphosphonate
associated osteonecrosis of the jaw? A prospective clinical study. 
Clin Oral lnvestig 2010;14:311-7. 

194. Torres SR, Chen CS, Leroux BG, lee PP, Hollender LG, Schubert MM. 
Fractal dimension evaluation of cone beam computed tomogra
phy in patients with bisphosphonate-associated osteonecrosis. 
Oentomaxillofac Radiol. 2011 ;40:S01-S. 

195. Arce K, Assael LA, Weissman JL, Markiewicz MR. Imaging findings in 
bisphosphonate-related osteonecrosis of jaws. J Oral Maxillofac 
Surg. 2009;67:75-84. 

196. O'Ryan FS, Khoury S, Liao W, et al. Intravenous bisphosphonate
related osteonecrosis of the jaw: bone scintigraphy as an early 
indicator. J Oral Maxillofac Surg. 2009;67:1363-72. 

197. Chiandussi S, Siasotto M, Dore F, Cavalli F, Cova MA, Di Lenarda R. 
Clinical and diagnostic imaging of bisphosphonate-associated 
osteonecrosis of the jaws. Dentomaxillofac Radiol. 2006;35:236-43. 

198. Suei Y. Radiographic findings of bisphosphonate-related osteomye
litis of the jaw: investigation of the diagnostic points by comparison 
with radiation osteomyelitis, suppurative osteomyelitis, and diffuse 
sclerosing osteomyelitis. Oral Radiol. 2013;29:121-34. 

199. White S, Pharoah M. Oral radiology. 6th ed. St. Louis, MO, USA: 
Mosby 2008. 

200. Bianchi SD, Scoletta M, Cassione FB, Migliaretti G, Mozzati M. 
Computerized tomographic findings In bisphosphonate-associat
ed osteonecrosis of the jaw in patients with cancer. Oral Surg Oral 
Med Oral Pathol Oral Radiol Endod. 2007;104:249-58. 

201. Bedogni A, Blandamura S, Lokmic Z, et al. Bisphosphonate
associated jawbone osteonecrosis: a correlation between imaging 
techniques and histopathology. Oral Surg Oral Med Oral Pathol 
Oral Radiol Endod. 2008;I0S:358-64. 

202. Elad S. Gomori MJ, Ben-Ami N, et al. Bisphosphonate-related 
o;teonecrosi; of the jaw: clinical corn,latiom with computerized 
tomography presentation. Clln Oral lnvestlg. 20l0;14:43-SO. 

203. Fatterpekar GM, Emmrich JV, Eloy JA, Aggarwal A. Sone-within
bone appearance: a red flag for biphosphonate-associated 
osteonecrosis of the jaw. J Comput Assist Tomogr. 2011 ;35:553-6. 

204. Taguchi A, Akiyama H, Koseki T, Shimizutani K. Recognition of 
bisphosphonate-related osteonecrosis of the jaw among oral and 
rnaxillofacial radiologists: results from a questionnaire-based 
survey in Japan. Oral Radiol. 2013;29:98-104. 

205. Junquera L, Gallego L. Nonexposed bisphosphonate-related 
osteonecrosis of the jaws: another clinical variant? J Oral Maxillofac 
Surg. 2008;66:15 l 6-7. 

206. Tetradis S, Anstey P, Graff-Radford S. Cone beam computed 
tomography in the diagnosis of dental disease. J Calif Dent Assoc. 
2010;38:27-32. 

207. Scarfe WC, Li Z, Aboelmaaty W, Scott SA, Farman AG. Maxillofacial 
cone beam computed tomography: essence elements steps to 
interpretation. Aust Dent J. 2012;57(Suppl 1 ):46-60. 

.Jm,rnal of Bone Ar\<i Mi11eral Research 



208. Torres SR, Chen cs, Leroux BG, et .i f. Mandibular cort ical bone 
• evaluation on cone beam computed tomography images of 

patients with bisphosphonate-related osteonecrosls of the 
jaw. Oral Surg Oral Med Oral Pathol Oral Radio I. 2012;113: 
695- 703. 

209. Wilde F, Heufelder M, Lorenz K. et al. Prevalence of cone beam 
computed tomography Imaging findings according to the clinical 
stage of bisphosphonate-related osteonecrosis of the jaw. Oral 
Surg Oral Med Oral Pathol Oral Radio!. 2012;114:804- 11 . 

210. Krishnan A, Arslanoglu A, Y11dirm N, Silbergleit R, Aygun N. Imaging 
findings of blsphosphonate-related osteonecrosis of the jaw with 
emphasis on early magnetic resonance imaging findings.J Com put 
Assist Tomogr. 2009;33:298-304. 

21 1. Ariji Y, Ariji E. Role of magnetic resonance Jmaging In diagnosis of 
bisphosphonate-related osteonecrosls of the jaw. Oral Radio!. 
2013;29(2):l 11- 20. 

.212. Garcia-Ferrer L, Bagan JV, Martinez-Sanjuan V, et al. MRI of 
mandibular osteonecrosls secondary to b isphosphonates. AJR Am 
J Roentgenol. 2008;190:949-55. 

213. Van den Wyngaert T, Huizlng MT, Fossion E, Vermorken JB. 
Prognostic value of bone sclntlgraphy in cancer patients with 
osteonecrosis of the jaw. Clin Nucl Med. 2011;36:17- 20. 

214. Catalano L, Del Vecchio S, Petruzzlello F, et al. Sestamibi and FDG
PET scans to support diagnosis of jaw osteonecrosis. Ann Hematol. 
2007;86:4 l 5- 23. 

215. Ertas U, Valcin E, Erdogan F. Invasive ductal carcinoma with 
m ultiple metastases t o facial and cranial bones: a case report. Eur J 
Dent. 2010;4:334-7. 

216. Myers DT, Karvelis KC. Incidental finding of periodontal disease on 
bone scan. Clin Nucl Med. 1994;19:644-5. 

21 7. Wilde F, Steinhoff K, Frerich 8, et al. Positron-emission tomography 
imaging in the diagnosis of blsphosphonate-related osteonecrosis 
of the jaw. Oral Surg Oral Med Oral Pathol Oral Radlol Endod. 
2009;107:4-12- 9. 

218. RaJe N, Woo SB, Hande K, et al. Clinical, radiographic, and 
biochemical characterization of multiple myeloma patients with 
osteonecrosis of the jaw. Clin Cancer Res. 2008;14:2387-95. 

219. Ripamontl Cl, Maniezzo M, Campa T, et al. Decreased occurrence of 
osteonecrosis of the Jaw after implementation of dental preventive 
measures In solid tumour patients with bone metastases treated 
with bisphosphonates. The experience of the National Cancer 
Institute of MIian Ann Oncol 2009;20:137-45. 

220. Bedogni A, Sala G, Ragazzo M, et al. Bisphosphonate-associated 
osteonecrosis can hide jaw metastases. Bone. 2007;41:942-5 .. 

221. Chaturvedi P, Pal PS, Chaukar DA, Gupta S, D'cruz AK. Bi
sphosphonate Induced osteonecrosis of the jaw masquerading 
as tumor: a word of caution for oral surgeons and oncologists. Eur J 
Surg Oncol. 2010;36:541- 5. 

222. Morag Y, Morag-Hezronl M, Jamadar DA. et al. Bisphosphonate
related osteonecrosis of the jaw: a pictorial review. Radiographies. 
2009;29: 1971 - 84. 

223. American Dental Association Counci l on Scientific Affairs. The use 
of dental radiographs: update and recommendations. J Am Dent 
Assoc. 2006;137:1304-12. 

224. American Association of Endodontists;American Academy of Oral 
and Maxlllofaclal Radiography. AAE and AAOMR Joint position 
statement. Use of cone-beam-computed tomography In endodon-
tics. Pa Dent J (Harrisb). 201 1;78:37-9. · 

225. Tyndall DA, Price JS, Tetradis S, Ganz SD, Hildebolt C, Scarfe WC. 
Position statement of the American Academy of Oral and 
Maxlllofacial Radiology on selection cri teria for the use of radiology 
in dental implantology with emphasis on cone beam computed 
tomography. Oral Surg Oral Med Oral Pathol Oral Radlol. 
2012;113:817-26. 

226. American Dental Association, U.S. Department of Health and 
Human Services. Dental radiograph examinations: Recommenda
tions for patient selection and limiting radiation exposure. Revised 
2012. [cited 2014 Nov 23}. Available from: http://www.ada.org/ 
- /media/ADA/Member%20Center/Flles/Dental_Radiographlc_Ex
aminations_2012.ashx. 

227. Marx RE, CIiio JE, Jr, Ulloa JJ. Oral bisphosphonate-induced 
osteonecrosis: risk factors, prediction of risk using serum CTX 
testing, prevention, and treatment J Oral Max.lllofac Surg. 
2007;65:2397-41 o. 

228. Bagan JV, Jimenez Y, Gomez D, Slrera R, Poveda R, Scully C. 
Collagen telopeptlde (serum CTX) and its relationship with the size 
and number of lesions in osteonecrosis of the jaws in cancer 
patjents on Intravenous blsphosphonates. Oral Oncol. 
2008;44: l 088-~: 

229. Kwon YD, Kim DY, Ohe JY, Yoo JY, Walter C. Correlation between 
serum C·termlnal cross-linking telopeptide of type I collagen and 
staging of oral bisphosphonate-related ost eonecrosi5 of the Jaws. J 
Oral Maxlllofac Surg. 2009;67:2644-8. 

230. Kwon YD, Ohe JY, Kim DY, Chung DJ, Park YO. Retrospective study 
of two biochemical markers for the risk assessment of oral 
blsphosphonate-related osteonecrosis of the jaws: can t hey be 
utili.zed as risk markers? Clin Oral Implants Res. 2011;22:100- 5 . 

23 1. Atalay B, Yalcin S, Emes Y, et al. Bisphosphonate-related 
osteonecrosis: laser-assisted surgical treatment or conventional 
surgery? Lasers Med Sci. 20 11;26:815- 23. 

232. Kunchur R, Need A, Hughes T, Goss A. Clinical investigation of C· 
terminal cross-linking telopeptide test in prevention and manage
ment o f bisphosphonate-associated osteonecrosis of the jaws. J 
Oral Maxlllofac Surg. 2009;67:1167- 73. 

233. lee CY, Suzuki JB. CTX biochemical marker of bone metabolism. ls It 
a reliable predictor of bisphosphonate-assoclated osteonecrosis of 
the jaws a~er surgery? Part II: a prospective clinical study. Implant 
Dent 2010;19:29- 38. 

234. O'Connell JE, Jkeagwanl 0, Kearns GJ. A role for C-terminal cross
linking telopeptlde (CTX} level to predict the development of 
bisphosphonate-related osteonecrosls of the jaws (BRONJ) follow
Ing oral surgery? Ir J Med Sci. 2012;181:237- 42. 

235. Morris PG, Fazio M, Farookl A, et al. Serum N-telopeptlde and bone
specifi c alkaline phosphatase levels in patients with osteonecrosis 
of the Jaw receiving bisphosphonates for bone metastases. J Oral 
Maxillofac Surg. 2012;70:2768-75. 

236. Lehrer S. Montazem A, Ramanathan L, et al. Normal serum bone 
markers in bisphosphonate-lnduced osteonecrosis of the jaws. Oral 
Surg Oral Med Oral Pathol Oral Radiol Endod. 2008;106:389-91. 

237. Lehrer S, Montazem A, Ramanathan L. et al. Blsphosphonate· 
Induced osteonecrosis of the jaws, bone markers, and a 
hypothesized candidate gene. J Oral Maxillofac Surg. 2009;67: 
159-61. 

238. Vandone AM, Donadio M, Mozzati M, et al. Impact of dental care in 
the prevention of bisphosphonate-associated osteonecrosis of the 
Jaw: a single-center clinical experience. Ann Oncol. 20 12;23: 
193-200. 

239. Montefusco V, Gay F, Spina F, et al. Antibiotic prophylaxis before 
d ental procedures may reduce the Incidence of osteonecrosis of 
the jaw In patients with multiple rnyeloma treated with bl· 
sphosphonates. Leuk Lymphoma. 2008;49:2156- 62. 

240. Kunchur R, Goss AN. The oral health status of patients on oral 
bisphosphonates for osteoporosis. Aust Dent J. 2008;53:354-7. 

241 . Lodi G, Sardella A, Salis A, Demarosi F, Tarozzi M, Carrassi A. Tooth 
extraction in pat ients taking intravenous bisphosphonates: a 
preventive protocol and case series. J Oral Maxillofac Surg. 
2010;68:107-10. 

242. Mozzati M, Galleslo G, Arata V, Pol R, Scoletta M. Platelet-rich 
therapies in the treatment of intravenous bisphosphonate-related 
osteonecrosis of the jaw: a report of 32 cases. Oral Oncol. 
2012;48:469-74. 

243. Bonacina R. Mariani U, Villa F, Villa A. Preventive strategies and 
clinical implfcations for bisphosphonate-related osteonecrosis of 
the jaw: a review of 282 patients. J Can Dent Assoc. 20 11;77:b147. 

244. Scoletta M, Arata V, Arduino PG, et al. Tooth extractions in 
intravenous bisphosphonate-treated patients: a refined protocol. J 
Oral Maxlllofac Surg. 201 3;7 1:994-9. 

245. Hellsteln JW, Adler RA, Edwards B, et al. Managing the care of 
patients receiving antiresorptive therapy for prevention and 
treatment of osteoporosis: . executive summary o f 

follrnal of 'Bone aud Mineral Research OSTEONECROSIS OF THE JAW: REPORT FROM THE INTERNATIONAL ONJ TASK FORCE 21 • 



recommendations from the American Dental Assodation Council 
on Scientific Affairs. J Am Dent Assoc. 2011;142:1243-51. 

246. Moretti F, Pelliccioni GA, Montebugnoli L, Marchetti C. A 
prospective clinical trial for assessing the efficacy of a minimally 
invasive protocol in patients with bisphosphonate-associated 
osteonecrosis of the jaws. Oral Surg Oral Med Oral Pathol Oral 
Radiol Ended. 2011;112:777-82. 

247. Ji X, Pushalkar S, Li Y, Glickman R, Fleisher K, Saxena 0. Antibiotic 
effects on bacterial profile in osteonecrosis of the jaw. Oral Dis. 
2012;18:85-95. 

248. Fortuna G, Ruoppo E, Pollio A, et al. Multiple myeloma 11s. breast 
cancer patients with bisphosphonates-related osteonecrosis of the 
jaws: a comparative analysis of response to treatme11t and 
predictors of outcome. J Oral Pathol Med. 2012;41 :222-8. 

249. Bashutski JO, Eber RM, Kinney JS, et al. Teriparatide and osseous 
regeneration in the oral cavity. N Engl J Med. 2010;363:2396-40S. 

250. Subramanian G, Cohen HV, Quek SY. A model for the pathogenesis 
of bisphosphonate-associated osteonecrosis of the jaw and 
teriparatide's potential role in its resolution. Oral Surg Oral Med 
Oral Pathol Oral Radial Ended. 2011;112:744-S3. 

251. Harper RP, Fung E. Resolution of bisphosphonate-associated 
osteonecrosis of the mandible: possible application for intermit
tent low-dose parathyroid hormone [rhPTH(l-34)). J Oral Max
illofac Surg. 2007;65:573-80. 

252. Lau AN, Adachi JD. Re.solution of osteonecrosis of the jaw after 
teriparatide [recombinant human PTH-(1-34)] therapy. J Rheuma
tol. 2009;36:1835-7. 

253. Cheung A. Seeman E. Teriparatide therapy for alendronate
associated osteonecrosis of the jaw. N Engl J Med. 2010;363: 
2473-4. 

254. Lee JJ, Cheng SJ, Jeng JH, Chiang CP, Lau HP, Kok SH. Successful 
treatment of advanced bisphosphonate-related osteonecrosis of 
the mandible with adjunctive teriparatide therapy. Head Neck. 
2011;33:1366-71. 

255. Narongroeknawin P, Danila Ml, Humphreys LG, Jr, Barasch A, Curtis 
JR. Blsphosphonate-as.sociated osteonecrosis of the jaw, with 
healing after teriparatide: a review of the literature and a case 
report. Spec Care Dentist. 2010;30:77-82. 

256. Iwamoto J, Yago K, Sato Y, Matsumoto H. Teriparatide therapy for 
bispho.sphonate-associated osteonecrosis of the jaw in an elderly 
Japanese woman with severe osteoporosis. Clin Drug lnvestig. 
2012;32:547-53. 

257. Ripamonti Cl, Cislaghi E, Mariani L, Maniezzo M. Efficacy and safety 
of medi<:al ozone (0(3)) delivered in oil suspension applications for 
the treatment of osteonecrosis of the jaw in patients with bone 
metastases treated with bisphosphonates: preliminary results of a 
phase 1-11 study. Oral Oncol. 2011;47:185-90. 

2S8. Cella L, Oppici A, Arbasi M, et al. Autologous bone marrow stem cell 
intralesional transplantation repairing bisphosphonate related 
o.steonecrosis of the jaw. Head Face Med. 2011;7:16. 

259. Epstein MS, Wicknick FW, Epstein JB, Berenson JR, Gorsky M. 
Management of bi.sphosphoriate-a.ssodated osteonecrosis: pen
toxifylline and tocopherol In addition to antimicrobial therapy. An 
initial case series. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 
2010;110:593-6. 

260. Ziebart T, Koch F, Klein MO, et al. Geranylgeraniol - a new potential 
therapeutic approach to bisphosphonate associated osteonecrosis 
of the jaw. Oral One.al. 2011 ;47:195-201. 

261. Vescovi P, Manfredi M, Merigo E, et al. Surgical approach with 
Er:YAG laser on osteonecrosis of the jaws (ONJ) in patients 
under bisphosphonate therapy (BPT). Lasers Med Sci. 
2010;25:101-13. 

262. Vescovi P, Merigo E, Meleti M, Manfredi M, Guidotti R, Nammour S. 
Bisphosphonates-related osteonecrosis of the jaws: a concise 
review of the literature and a report of a single-centre experience 
with 151 patients. J Oral Pathol Med. 2012;41:214-21. 

263. Wilde F, Heufelder M, Winter K, et al. The role of surgical therapy in 
the management of intravenous bisphosphonates-related osteo
necrosis of the jaw. Oral Surg Oral Med Oral Pathol Oral Radial 
Ended.2011;111:153-63. 

• 22 KHAN ET AL. 

264. Mucke T, Koschinski J, Deppe H, et al. Outcome of treatment and 
parameters influencing recurrence in patients with bisphospho
nate-related osteonecrosis of the jaws. J Cancer Res Clin Oneal. 
2011;137:907-13. 

265. Ngamphaiboon N, frustino JL, Kossoff EB, Sullivan MA, O'Connor 
TL. Osteonecrosis of the jaw: dental outcomes in metastatic breast 
cancer pati.eriti. treated with bisphosphonates with/without 
bevacizumao'. Clin Breast Cancer. 2011;11:252-7. 

266. Martins MA, Martins MD, Lascala CA, et al. Association of laser 
phototherapy with PRP improves healing of bisphosphonate
related osteonecrosis of the jaws in cancer patients: a preliminary 
study. Oral Oneal. 2012;48:79-84. 

267. Pautke C, Bauer F, Otto S, et al. Fluorescence-guided bone resection 
in bisphosphonate-related osteonecrosis of the jaws: first clinical 
results of a prospective pilot study. J Oral Maxillofac Surg. 
2011 ;69:84-91. 

268. Hoefert 5, Eufinger H. Relevance of a prolonged preoperative 
antibiotic regime in the treatment of bisphosphonate-related 
osteonecrosis of the jaw. J Oral Maxillofac Surg. 2011 ;69:362-80. 

269. Wutzl A, Pohl S, Sulzbacher I, et al. Factors influencing surgical 
treatment of bisphosphonate-related osteonecrosis of the jaws. 
Head Neck. 2012;34:194-200. 

270. Bedogni A, Saia G, Bettini G, et al. Long-te,m outcomes of surgical 
resection of the jaws in cancer patients with bisphosphonate
related osteonecrosis. Oral Oneal. 2011;47:420-4. 

271. Freiberger JJ, Padilla-Burgos R, McGraw T, et al. What is the role of 
hyperbaric oxygen in the management of bisphosphonate-related 
osteonecrosis of the jaw: a randomized controlled trial of 
hyperbaric oxygen as an adjunct to surgery and antibiotics. J 
Oral Maxillofac Surg. 2012;70:1573-83. 

272. Yamashita J, McCauley LK. Antiresorptives and osteonecrosis ofthe 
jaw. J Evid Based Dent Pract. 2012;12:233-47. 

273. Aghaloo TL, Kang B, Sung EC, et al. Periodontal disease and 
bisphosphonates induce osteonecrosis of the jaws in the rat. J Bone 
Miner Res. 2011;26:1871-82. 

274. Aguirre JI, Akhter MP, Kimmel DB, et al. Oncologi<: doses of 
zoledronic acid induce osteonecrosis of the jaw-like lesions in rice 
rats (O,yzomys pa/ustris) with periodontitis. J Bone Miner Res. 2012; 
Oct 27(10):2130-43. 

275. Sonis ST, Watkins BA. Lyng GD, Lerman MA, Anderson KC. Bony 
changes in the jaws of rats treated with zoledronic acid and 
dexamethasone before dental extractions mimic bisphosphonate-· 
related osteonecrosis in cancer patients. Oral Onwl. 2009;45: 
164-72. 

276. Hokugo A, Christensen R, Chung EM, et al. Increased prevalence of 
bisphosphonate-related osteonecrosis of the jaw with vitamin D 
deficiency in rats. J Bone Miner Res. 2010;25:1337-49. 

277. Conte NN, Spolidorio LC, Andrade CR, Bastos S, Guimaraes M. 
Marcantonio E Jr. Experimental development of bisphosphonate
related osteonecrosis of the jaws in rodents. Int J Exp Pathol. 
2013;94:65-73. 

278. Abtahi J, Agholme F, Aspenberg P. Prevention of osteonecrosis of 
the jaw by mucoperiosteal coverage in a rat model. Int J Oral 
Maxillofac Surg. 2013;42:632-6. 

279. Gotcher JE, Jee WS. The progress of the periodontal syndrome in 
the rice cat. II. The effects of a diphosphonate on the periodontium. 
J Periodontal Res. 1981;16:441-55. 

280. Abtahi J, Agholme F, Sandberg 0, Aspenberg P. Bisphosphonate
induced osteonecrosis of the jaw in a rat model arises first after the 
bone has become exposed. No primary necrosis in unexposed 
bone. J Oral Pathol Med 2012;41:494-9. 

281. Ali-Erdem M, Burak-Cankaya A, Cemil-lsler S, et al. Extraction 
socket healing in rats treated with bisphosphonate: animal 
model for bisphosphonate related osteonecrosis of jaws in 
multiple myeloma patients. Med Oral Patol Oral Cir Bucal. 
2011;16:e879-83. 

282. Bi Y, Gao Y, Ehirchiou D, et al. 8isphosphonates cause osteonecrosis 
of the jaw-like disease in mice. Am J Pathol. 2010;177:280-90. 

283. Lopez-Jornet P, Camacho-Alonso F, Molina-Minano F, Gomez
GJrci;i F, Vicente Ortega V. /In c,cpcrimcntal ~tudy of 

Journal of Bone a,1d IV!iuernl R~~carch 



bisphosphonate-induced jaws osteonecrosis in Sprague-Dawley 
rats. J Oral Pathol Med. 2010;39:697-702. 

284. Kikuirl T, Kim I, Yamaza T, et al. Cell-based immunotherapy with 
mesenchymal stem cells cures bisphosphonate-related osteonec
rosls of the Jaw-like disease in mice. J Bone Miner Res. 2010; 
25:1668- 79. 

285. Pautke C, Kreutzer K, Weitz J, et al. Bisphosphonate related 
osteonecrosis of the jaw: a mini pig large animal model. Bone. 2012; 
51:592-9. 

286. Allen MR, Chu TM, Ruggiero SL Absence of exposed bone 
following dental extraction in beagle dogs treated with 9 months 
of high-dose zoledronlc acid combined with dexamethasone. J 
Oral Maxillofac Surg. 2013;71:1017-26. 

287. Kang B, Cheong S, Chaichanasakul T, et al. Periaplcal disease and 
bisphosphonates induce osteonecrosis of the Jaws in mice. J Bone 
Miner Res. 2013;28:1631-40. 

288. Allen MR, Kubek DJ, Burr DB, Ruggiero SL, Chu TM. Compromised 
osseous healing of dental extraction sites in zoledronic acid
treated dogs. Osteoporos Int. 201 1 ;22:693-702. 

289. Aghaloo TL, Cheong 5, Bezouglaia 0, et al. RAN KL inhibitors induce 
osteonecrosis of the jaw In mice with periapical disease. J Bone 
Miner Res. 2014;Apr 29(4):843-S4. 

290. Upton A. Future treatment of bone metastases. Clin Cancer Res. 
2006;12:6305s-8s. 

291. Lipton A, Berenson JR, Body JJ, et al. Advances in treating 
metastatic bone cancer: summary statement for the First Cam
bridge Conference. Clin Cancer Res. 2006;12:6209s- 12s. 

292. Farah CS, Savage NW. Oral ulceration with bone sequestration. 
Aust Dent J. 2003;48:61-4. 

293. Flaltz CM. Oral maxillofacial pathology case of the month. Lingual 
mandibular SeQuestration ulceration. Tex Dent J. 2000;Dec;11 7(12) 
34:40- 1. y 

294. Kessler HP. Oral maxlllofacial pathology case of the month. Lingual 
mandibular sequestration with ulceration. Tex Dent J. 2005; 
Feb;122{2) 198- 9:206- 7. 

295. Huang JS, Kok SH, Lee JJ, Hsu WY, Chiang CP, Kuo YS. Extensive 
maxillary sequestration resulting from mucormycosis. Br J Oral 
Maxlllofac Surg. 2005;43:532- 4. · 

296. Jackson I, Malden N. Lingual mucosa! ulceration with mandibular 
sequestration. Dent Update. 2007;34:573-7. 

297. Dhanrajani PJ. lingual mucosa! ulceration with mandibular 
sequestration (Dent Update 2007;34: 573-577). Dent Update. 
2008;Nov 35(9):642. 

298. Akinmoladun VI, Akadiri OA, Ade/eye JO, Lasisi OA. An unusual case 
of total maxillary sequestration in a diabetic patient. Afr J Med Med 
Sci. 2008;37:395-8. 

299. Neville BW, Damm DD, Allen CM, Booquot J. Oral and maxillofacial 
pat hology. 3rd ed. Philadelphia: WB Saunders Co. 2009. 

Jo11mul of Rom: and Mineral J{c,earch OSTEONECROSIS OF THE JAW: REPORT FROM THE INTERNATIONAL ONJ TASK FORCE 23 • 




