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Abstract
Purpose This systematic review aims to examine the
prevalence of bisphosphonate osteonecrosis (BON) in the
cancer population, prevention and treatment protocols, and
quality of life issues.
Methods A search of MEDLINE/PubMed and EMBASE
form October 2003 to December 31, 2008 was conducted
with the objective of identifying publications that contained
original data regarding BON.

Results A total of 28 publications fulfilled inclusion
criteria, but only 22 were used for prevalence analysis. No
randomized controlled clinical trials, meta-analysis, or
quality of life papers were found that contained information
regarding either prevalence or treatment protocols for the
management of BON. The overall weighted prevalence of
BON included a sample of 39,124 patients with a mean
weighted prevalence of 6.1%. The weighted prevalence was
13.3% for studies with documented follow-up with a
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sample size of 927 individuals. The weighted prevalence in
studies with undocumented follow-up was 0.7% in a
sample of 8,829 chart reviews. Epidemiological studies
evaluated a total of 29,368 individual records, and the
weighted BON prevalence was 1.2%.
Conclusions High-quality studies are needed to accurately
characterize the prevalence of BON, and to determine
effective treatment protocols.
Keywords Cancer therapy . Bisphosphonate osteonecrosis .
Bisphosphonate therapy . Management strategies

Introduction
This manuscript is the result of a systematic review that
searched and evaluated the literature published since
October 2003, when the first cases of bisphosphonate
osteonecrosis (BON) were reported [28, 32, 43], to
December 2008. BON is defined as the presence of necrotic
bone anywhere in the oral cavity of an individual on
bisphosphonate therapy with no history of radiation of the
head and neck [36, 41]. Recently, a stage 0 category has
been proposed for patients who do not present with obvious
exposed bone, but have clinical symptoms (such as
persistent sinus tracts) and radiographic findings suggesting
that BON has developed [31, 41].
The pathobiologic process involved in the formation of
BON is not completely understood, but it seems that the
profound suppression of osteoclasts plays an important role,
together with the toxic effect of bisphosphonate on soft
tissues, including anti-angiogenesis [35, 36, 40, 44].
Recently, it was reported that patients on antiangiogenic
agents such as bevacizumab and sunitinib may develop
osteonecrosis that appears to be clinically similar to BON
[3, 12, 17, 21, 34]. The role of infection may also be an
important factor that needs further investigation [44, 45].
In 1989, when the NIH Development Consensus
Conference on the Oral Complications of Cancer Therapies
was held in Bethesda, MD, USA [1], BON was unknown.
Since 2003, many cases of BON and numerous treatment
protocols have been published, mostly based on expert
opinion and case series studies. Thus, it is timely to
evaluate this new oral complication that affects cancer
patients disproportionately.
An important aspect regarding BON is the accurate
determination of the prevalence of this oral complication.
The generally accepted definition of BON was only
recently developed, and most of the information available
in the literature regarding prevalence comes from retrospective reviews of various cancer populations. In addition,
there may be under-reporting of BON cases [16]. It is
largely accepted that the prevalence of BON in cancer
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patients using intravenous infusion of pamidronate or
zoledronic acid is between 3% and 12% [23, 41, 48, 51].
However, recent prospective studies of cancer populations
have found prevalence as high as 28% in patients with
breast cancer and multiple myeloma [8] or 18.6% in
prostate cancer patients [47] and 5.3% in breast cancer
patients [46]. It is important to consider that some of the
centers conducting prevalence studies included in their
evaluations not only patients diagnosed at their centers but
also patients with BON referred by outside practitioners.
Study designs vary from retrospective chart reviews, to
epidemiological surveys that rely on disease codes that
could identify potential cases of BON, to prospective
studies. Therefore, several factors can influence the quality
of the studies and the determination of accurate prevalence
rates for BON.
The management of BON can be difficult. Mild cases are
usually asymptomatic and often present with only small
areas of exposed bone, with little to no soft tissue
inflammation or active infection such as suppuration or
sinus tracts. However, larger areas of exposed necrotic bone
are usually infected and surrounded by inflamed oral
mucosa, resulting in severe pain, nerve tissue involvement,
and discomfort [33]. Conventional techniques to treat
osteomyelitis and necrotic bone in the oral cavity have
been only partially successful. Therefore, management of
BON requires further investigation. Furthermore, the
impact of this oral complication on quality of life and cost
of care are unknown.

Aims of this review
The aim of this systematic review was to evaluate current
literature regarding the following:
1.
2.
3.
4.

Prevalence of BON
Impact on quality of life
Economic impact
Prevention and management strategies for BON

Methods
Search strategy and criteria for selecting articles
This paper is part of an effort by a group of researchers
from the Multinational Association of Supportive Care in
Cancer and the International Society of Oral Oncology
(MASCC/ISOO). The group aimed to systematically review
the current literature addressing a group of oral complications of cancer therapies. The methodology used in the
literature search was common for all oral complications
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evaluated and will be presented in a separate methodology
manuscript that will accompany this paper [37].
Briefly, a specific systematic literature search for BON was
conducted with assistance from a research librarian in the
databases MEDLINE/PubMed and EMBASE for articles
published between October 1, 2003 and December 31, 2008.
The primary objective was to identify all articles containing
original data on prevalence of BON as well as the economic
burden, impact on oral health-related quality of life, or
management strategies in patients with cancer metastatic to
bones and multiple myeloma. We focused on randomized
controlled clinical trials, meta-analyses, and controlled studies
that would provide data on BON. Other types of articles
involving case–control studies and retrospective reviews were
also included. Articles with anecdotal information, case
reports, and literature reviews were not included. We aimed
to select studies based on the availability of documented
baseline and patient follow-up data. For example, we assumed
a prospective evaluation of patients on bisphosphonate therapy
with oral examination conducted by dental professionals or
studies where patients had complete dental records would
have more complete and accurate data compared with
retrospective chart reviews where information may be
incomplete, missing, or based on assumptions. We also
considered epidemiological data collection separately.
Reviewers with knowledge in BON diagnosis and
management evaluated selected articles. Each article was
reviewed by two independent reviewers using data extraction tools especially designed for the study. Specific
information collected included types of cancer populations,
study design, cancer therapies, bisphosphonate use, discontinuation of bisphosphonate therapy when BON was
diagnosed, management strategies, and quality of life
issues, amongst many other aspects. Data from each study
were entered in the data extraction tool and further
evaluated by the principal reviewer (CAM) and the study
leader (MB) for data quality control and for summarizing
the information collected. The quality of selected articles
was assessed and scored with respect to sources of bias,
representativeness, scale validity, and sample size. These
parameters were utilized to determine the weighted prevalence of BON. Further details of this methodology and the
statistical analyses used in the determination of prevalence
rates can be reviewed in the methodology paper [37].

Results
Articles reviewed
Although the literature search of BON studies identified
hundreds of publications, only 28 articles fulfilled the criteria
for the present review. There were no randomized clinical
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trials available, no meta-analysis studies, and no studies that
specifically evaluated quality of life issues, although a few
studies presented limited information about pain and pain
control. There were no studies that specifically evaluated
outcomes of BON therapy when bisphosphonate use was
discontinued. Only 22 of the studies dealt with representative
cancer populations. These articles were used for the
prevalence analysis [2, 5, 6, 8, 10, 11, 13, 15, 18, 19, 22,
24, 27, 29, 30, 35, 38, 43, 49, 50, 52, 53]. Amongst these 22
studies, three different groups based on design and patient
follow-up schedule were used in the evaluations (Table 1).
Prevalence
The prevalence results observed were different depending
on the type of study design, patient follow-up (documented,
undocumented, or epidemiological), and the type of
bisphosphonate used.
In the first analysis, we included 11 studies [5, 6, 8, 10,
13, 15, 18, 22, 50, 52, 53], which were selected based on
several quality factors like sources of bias, representativeness, scale validity, and sample size (Table 1). The sample
size for this calculation was 39,124 patients, and the mean
weighted prevalence of BON was 6.1%. The weighted
prevalence was different when studies with different designs
were evaluated separately (Table 1). After separating the
three study groups, the following results were obtained:
studies with documented follow-up included a total of 927
individuals with a weighted BON prevalence of 13.3%;
studies with undocumented follow-up included a cohort of
8,829 chart reviews with a weighted BON prevalence of
0.7%. Epidemiological studies evaluated a total of 29,368
individual records, and the weighted BON prevalence was
1.2%. The importance of using weighted prevalence rates can
be seen when comparing it with the following raw
prevalence results for the same studies: cancer cohort with
documented follow-up (104/927=11.2%), cancer cohort with
undocumented follow-up (64/8,829=0.72%), and epidemiological studies (152/29,368=0.05%).
Next, we evaluated BON prevalence in studies that
reported bisphosphonate use. The overall prevalence for
patients using zoledronic acid only was 8.6%, for pamidronate 7.3%, and 21% for patients who used both.
The second analysis included 11 studies that assessed
actual cases of BON and looked retrospectively for risk
factors. This analysis included a total of 614 cases (Table 2)
of patients exposed to both intravenous and oral infusion of
bisphosphonates. Cases of BON were identified first and
then retrospectively examined for potential risk factors.
There were a total of 547 (89%) cancer patients and 67
(11%) cases in non-cancer patients. Patients with multiple
myeloma were the most affected cancer group with 245
cases (45%). The distribution of BON cases in other cancer
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Table 1 Weighted prevalence of BON by study design and bisphosphonate type
Study reference

All studies (11)
Cancer cohort- documented
follow-up (5)
Cancer cohort-undocumented
follow-up (2)
Epidemiologic study (4)
Zoledronic acid only
All studies (8)
Cancer cohort- documented
follow-up (5)
Cancer cohort-undocumented
follow-up (2)
Epidemiologic study (1)
Pamidronate only
All studies (8)
Cancer cohort- documented
follow-up (5)
Cancer cohort-undocumented
follow-up (2)
Epidemiologic study (1)
Zoledronic acid+pamidronate
All studies (7)
Cancer cohort- documented
follow-up (5)
Cancer cohort-undocumented
follow-up (2)
Epidemiologic study

Sample
population

Mean weighted
prevalence (%)

Standard
error

Confidence
interval (%)

39,124
927

6.1
13.3

0.03
0.04

0.3–11.9
1.6–25.1

8,829

0.7

0.00001

[10, 15, 50, 52]

29,368

1.2

0.01

0–5.1

[5, 6, 8, 13, 15, 18, 22, 53]
[5, 6, 8, 13, 53]

10,380
927

8.6
9.0

0.02
0.03

3.4–13.9
0.4–17.4

8,829

7.4

0.06

0–84.7

624

10.0

10,380
927

7.3
10.5

0.05
0.08

0–19.2
0–32.6

8,829

1.4

0.01

0–14.4

624

4.1

[5, 6, 8, 13, 18, 22, 53]
[5, 6, 8, 13, 53]

9,756
927

21.0
24.5

0.06
0.08

5.7–36.3
2.2–46.7

[18, 22]

8,829

13.1

0.10

0–100

[5, 6, 8, 10, 13, 15, 18, 22, 49, 50, 52, 53]
[5, 6, 8, 13, 53]
[18, 22]

[18, 22]
[15]
[5, 6, 8, 13, 15, 18, 22, 53]
[5, 6, 8, 13, 53]
[18, 22]
[15]

NA

0.71–0.74

NA

NA

NA

None

populations is presented in Table 2. The analysis of studies
that reported bisphosphonate use confirmed that intravenous infusion of zoledronic acid and pamidronate alone or
in combination were the most used bisphosphonate in
cancer populations with metastatic bone disease (Table 3).
In order to determine BON prevalence by type of cancer,
follow-up documentation was again used as the defining
parameter. As it can be seen in Table 4, multiple myeloma

is the predominant cancer diagnosis followed by metastatic
breast and prostate cancer independent of study design.
Impact on quality of life
There were no studies that systematically evaluated quality
of life measure in patients with BON. Four studies did
Table 3 Frequency of bisphosphonate use [2, 11, 19, 24, 27, 29, 30,
35, 38, 43, 49]

Table 2 Analysis of 11 studies that evaluated 614 cases of BON [2,
11, 19, 24, 27, 29, 30, 35, 38, 43, 49]
Diagnosis
BON—non-cancer patients
BON—cancer patients
Multiple myeloma
Breast cancer
Prostate
Lung
Other cancer
Total

BON cases

Percentage of total

67
547
245
166
30
9
97

11
89
45
30
5
2
18
100

Type of bisphosphonate
Zoledronic acid
Zoledronic acid+pamidronate
Pamidronate
Alendronate
Residronate
Clodronate
Zoledronic acid+ibandronate
Ibandronate
Not reported
Total

Total of patients treated (percentage)
196
190
117
60
5
3
2
1
40
614

(31.9%)
(30.9%)
(19.1%)
(9.8%)
(0.8%)
(0.5%)
(0.3%)
(0.2%)
(6.5%)
(100%)
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Table 4 BON prevalence by
type of cancer [2, 11, 19, 24,
27, 29, 30, 35, 38, 43, 49]
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Type of study

Cancer type

BON cases (percentage)

Cohorts with documented follow-up

Multiple myeloma
Breast
Prostate
Lung
Multiple myeloma
Breast
Prostate
Lung
Multiple myeloma
Breast
Prostate
Lung

86/764 (11.3%)
7/80 (8.8%)
4/49 (8.2%)
1/1 (100%)
69/2,479 (2.8%)
23/3,213 (0.7%)
1/754 (0.1%)
5/1,491 (0.3%)
19/693 (2.7%)
34/1,472 (2.3%)
4/216 (1.9%)
0/380 (0%)

Epidemiological studies

Cohorts with undocumented follow-up

evaluate pain experienced by 172 patients with BON. The
overall prevalence of pain in these studies was 47%, but
one study reported a low prevalence of 10% (9/91) [29],
while the other three demonstrated a high prevalence of
90% (72/81) [38, 39, 53].
Economic impact
There were no studies evaluating the economic impact of
BON.
Treatment strategies
The management of BON was evaluated in 13 studies
(Table 5). A total of 658 BON cases were treated.
Treatment techniques included conservative procedures
such as minor local debridement with elimination of sharp
bone edges, local hygiene of the area of exposed bone, the
use of topical antibacterial agents, and systemic antibiotics
for infection and pain control. Additional techniques
included extensive surgical debridement (such as surgical
resection) in combination with topical and systemic
antibacterial therapy. Antibiotics were prescribed in about
two thirds of the cases, and bone sequestrectomy was used
in 23.4% of the cases. The poor reporting of outcomes of
treatment did not allow us to determine success or failure
rates with accuracy or preferred type of antibiotic therapy.
Bisphosphonate use was discontinued in only 16.1% of the
cases.

Discussion
This manuscript is part of a series of systematic review
papers published in the journal that had the aim of
evaluating the prevalence of oral complications of cancer
therapy and management strategies [37]. We focused the

current review on BON in cancer patients, a new and
serious oral complication. Although the number of publications addressing BON continues to grow, we did not
find any large, prospective multi-center studies that confirmed the true prevalence of BON. Several of the
prevalence studies were based on retrospective chart
examinations and did not have clear documentation of
patient follow-up. The importance of well-documented
follow-up information became evident when studies for
prevalence analysis were divided in three groups: those
with documented follow-up information [5, 6, 8, 13, 53],
those with undocumented follow-up information [18, 22],
and epidemiological studies [10, 15, 50, 52]. Each of the
studies was assigned study specific quality points such as
sources of bias, representativeness, scale validity, and
sample size. A higher prevalence of BON was observed
in the group with documented follow-up (mean weighted
Table 5 Management protocols for BON and treatment outcomes
reported in 13 studies [2, 5, 6, 8, 13, 19, 27, 29, 30, 35, 38, 43, 53] for
a total of 658 cases
Type of procedure (procedures could have been used in combination)
Antibiotics=393 (59.7%)
Simple bone sequestrectomy=154 (23.4%)
Bisphosphonate stopped=106 (16.1%)
Conservative therapy=100 (15.2%)
Extensive surgical debridement=84 (12.8%)
Unspecified surgery with antibiotics=45 (6.8%)
IV antibiotics with hospitalization=4 (0.6%)
Response to therapy (most frequent to least frequent)
Not clearly specified=309 (47%)
Stable BON=215 (32.7%)
BON resolved completely=79 (12%)
Progressing BON=43 (6.5%)
Died of cancer=12 (1.8%)
Most frequent to least frequent, excluding stopping of bisphosphonates
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prevalence 13.3%). A noticeable difference in prevalence
rates was also observed when the cases of BON were
estimated according to the type of bisphosphonate used.
There was a high overall prevalence of BON in patients
treated with pamidronate and zoledronic acid (21%) when
all seven studies that reported bisphosphonate use and
frequency were evaluated together. The prevalence of BON
cases was 24.5% when only studies with documented
follow-up were analyzed. Cancer patients with metastatic
bone disease were initially treated with pamidronate until
zoledronic acid received approval by FDA in the early
2000s. Because of the short administration time of
zoledronic acid (15–20 min) compared with pamidronate
(60–90 min) and the higher potency of zoledronic acid,
many patients were switched to zoledronic acid [13],
extending their time on intravenous infusion of bisphosphonate therapy. Additional factors that may have influenced
prevalence include referral bias, geographic differences
between populations, and possible genetic predisposition
that may exist for different ethnic backgrounds. Another
factor that can influence prevalence rates would be underreporting [16], but this was not evaluated in the present
review.
This review included articles published before December
31, 2008. Only one study published in 2009 was included
in the review, but the results were not used in the
prevalence estimation, because the publication only became
available after the data analysis had been completed [46].
Therefore, we recognize that the inclusion of more recent
studies will increase the number of BON cases for future
prevalence analyses.
The management of BON has proven to be difficult
since the first cases of this complication were reported in
the literature [29, 33, 43]. The initial management of BON
was based on protocols used to treat osteomyelitis and
osteoradionecrosis, including local debridement, curettage

Fig. 1 Suggestions to investigators of standardized information
that should be included in future
studies of BON

and topical and systemic antibiotic therapy, as well as
hyperbaric oxygen therapy [33, 42]. The absence of
response to therapy became the initial hallmark of BON
leading clinicians to search for other more effective
therapies [29, 41]. The studies reviewed in the present
manuscript suggested a large number of treatment protocols, but the outcomes of these protocols did not favor a
particular modality of therapy. It is still uncertain whether
one should use a conservative approach with antibiotics and
anti-microbial rinses and oral hygiene maintenance or use a
surgical intervention to achieve a positive outcome, namely
reduction of symptoms and complete healing with reepithelialization of the wound [4]. A consistent therapeutic
approach used in studies was topical and systemic antibiotics and oral hygiene maintenance. This indicates that
controlling local infection has an important role in the
treatment of BON [45].
It has been proposed that prior to starting bisphosphonate therapy, patients should have a complete clinical and
radiographic oral evaluation with the objective of diagnosing and treating oral disease [9]. Although there is evidence
that a preventative approach with oral evaluation, oral
hygiene maintenance, and periodic follow-up under the
supervision of dental professionals may decrease the
number of cases of BON [14, 25], the effectiveness of this
evaluation in the prevention of BON needs to be demonstrated in well-designed trials.
Another controversial issue in the management of
patients who develop BON is whether or not bisphosphonate therapy has to be discontinued. This issue was not
addressed in any of the studies reviewed. The presence of
bisphosphonate incorporated in bone matrix has been
demonstrated several years after discontinuation of use
[7]. It appears that after several months of bisphosphonate
discontinuation, there is a better possibility for the necrotic
bone to sequester and be eliminated, facilitating local

1.

State clearly the total number of individuals in the study (denominator number) and whether
patients were drawn from a single pool or were referred from outside of the center.

2.

Obtain a progressive pain score on all patients (Visual Analogue Scale – VAS or similar)

3.

State the duration, the total dose, and range of bisphosphonate therapy.

4.

Include information on all other possible aggravating factors such as: smoking, diabetes, use of
antiangiogenic agents, use of thalidomide or lenolidomide, use of cholesterol lowering
medications, and use of glucocorticosteroids.

5.

Stage the BON lesions according to the American Association of Oral and Maxillofacial
Surgeons (AAOMS) staging system or other comparable system.

6. Specifically and clearly define end-points and outcomes. For example: healing of the lesion
means complete clinical mucosal coverage. If this includes complete return of radiographic
findings to normal, this should be stated.
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wound healing [4]. There is partial in vitro evidence that
keratinocyte proliferation may be hampered by bisphosphonates although in vivo data are lacking [26]. However,
discontinuation of bisphosphonate therapy can place
patients at risk for fractures and/or hypercalcemia. The
decision about discontinuation of bisphosphonate therapy
should be made by the patient’s oncologist [20].
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6.

7.

Conclusion
8.

The overall weighted prevalence of BON based on the
findings of the present study is 6.1%. However, prevalence
can be as high as 13.3% when its estimation comes from
studies with documented patient follow-up. The prevalence
of BON can also vary depending on the type of
bisphosphonate, with the combination of pamidronate and
zoledronic acid yielding the highest prevalence (24.5%).
The ideal BON management protocol has yet to be
determined. BON can be distressing to patients, causing
severe pain and discomfort lasting for several months or
years, requiring frequent visits to the dental office, surgical
interventions, and antibiotic use. Nevertheless, quality of
life studies and studies on the economic impact of BON are
lacking and must be the focus of future studies.
Due to flaws in design, a large number of articles did not
meet criteria to be included in the present study. A list of
suggestions for investigators to use in future BON studies
can be seen in Fig. 1. We believe that such information will
make osteonecrosis studies more accurate and of higher
scientific content.

9.

10.

11.

12.

13.
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