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Abstract

Bisphosphonate-induced osteonecrosis of the jaw (BONJ) represents a growing concern for
dentists and patients, in that it may alter clinical care. This study assesses the knowledge and
perceptions of practicing dentists in relation to the risk of BONJ and how their knowledge and
perceptions influence their decisions when developing treatment plans. For this study, a sample of
dentists (n = 93) in South Texas completed a 38-item survey about BONJ knowledge and
perception and their current clinical practices for patients undergoing bisphosphonate therapy.
Knowledge score groupings reflected differences between low-knowledge and high-knowledge
dentists in terms of their behavior concerning medical history, alternative treatments offered, and
routine blood testing for patients on bisphosphonate therapy.
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Bisphosphonates are anti-resorptive agents that are used commonly for managing diseases
that require decreased osteoclast activity, including osteoporosis, multiple myeloma, Paget's
disease, and cancers (such as lung, breast and prostate) that metastasize to bone.1-3 Currently
there are 7 approved bisphosphonates available commercially in the United States:
alendronate, etidronate, ibandronate, pamidronate, risedronate, tiludronate and zoledronic
acid.* Those approved for treatment related to malignancy are available primarily in
intravenous (1V) formulations. Bisphosphonates approved for osteoporosis and Paget's
disease generally are oral formulations; however, some are available for short 1V infusion
also. Studies have demonstrated the efficacy of bisphosphonates in increasing bone mineral
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density and decreasing the risk of nontraumatic fractures in patients with osteoporosis.2->6
Administering bisphosphonates to cancer patients at risk for metastases to bone dramatically
reduces both tumor invasion of bone and corresponding bone pain and fractures.’-19

Patients on antiresorptive agents may be at risk of developing bisphosphonate-induced
osteonecrosis of the jaw (BONJ).8 According to the American Association of Oral and
Maxillofacial Surgeons (AAOMS), BONJ occurs when bone in the maxillofacial region is
exposed for >8 weeks in a patient who has received a bisphosphonate with no prior history
of radiation therapy.29 While BONJ is very rare, it can result in devastating maxillary and/or
mandibular bone loss. This bone loss typically follows dental procedures, but may also
occur spontaneously.24:8:21

Management of BONJ is primarily supportive, focusing on pain management and prevention
or treatment of secondary infections with antibiotics. When BONJ approaches later stages,
debridement and other surgical interventions may be warranted.*2% Hence, BONJ is a major
concern among dental practitioners due to the severity of this drug-induced complication
and the limited management options currently available.

The exact etiology of BONJ is unknown and no known pathogens are associated with its
development. Studies indicate that BONJ occurs more frequently in the mandible than the
maxilla and is associated with pre-existing dental disease, tobacco use, diabetes, dentures,
and invasive dental procedures that involve dental alveolar bone, such as dental
extractions.2416.22-27 \While BONJ can occur following the use of any bisphosphonate,
studies indicate the risks of developing BONJ are more likely with high potency
bisphosphonates (for example, zoledronic acid or pamidronate), IV administration, higher
dosage regimens, and longer durations of therapy. A previous study by the Dental Practice-
Based Research Network (PBRN) collaborative group found the incidence of BONJ to be
0.63:100,000 patient years; 87% of the patients in this cohort were taking oral
bisphosphonates.28 Low doses of orally administered bisphosphonates, such as those used to
treat osteoporosis, are linked to BONJ following at least 2 years of treatment.# By contrast,
high doses of IV-administered bisphosphonates—which often are administered to cancer
patients over short periods—are more highly linked to the development of BONJ, with a
reported risk up to 4.4 times higher than low dose oral administration.1:4:20.29-31 The risk of
patients developing BONJ after therapy is discontinued is unknown, since it is not clear how
long bisphosphonates remain in alveolar bone.27:32:33 As a result, dentists must be aware if a
patient has ever received bisphosphonates as a part of their cancer therapy. Ideally, patients
will complete all necessary invasive dental work prior to starting antiresorptive therapy.

While much remains unknown regarding the risks of bisphosphonate use, the concerns are
real, and ongoing dental care is necessary for patients taking these medications. Currently,
there is little research available as to how a dentist's concern for patients developing BONJ
influences his or her practice patterns. This study sought to assess the knowledge and
perceptions of practicing dentists in relation to BONJ risk, and how their knowledge and
perceptions influence their decisions when developing treatment plans. The importance of
this study is indicated by the results, which show that dentists may over- or undertreat this
patient population, depending on their understanding (or lack thereof) and comfort level.
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The secondary objective of this study was to clarify the risk for BONJ based on the
literature, and to improve evidence-based decision making for dentists who may not identify
or treat BONJ routinely.

Materials and methods

This study was conducted as a project for the South Texas Oral Health Network (STOHN),
which is a dental PBRN. The Institutional Review Board at the University of Texas Health
Science Center at San Antonio (UTHSCSA) approved the conduct of this study. A
subcommittee consisting of private practitioners from STOHN and the academic faculty
from UTHSCSA was formed to develop this project further. The subcommittee consisted of
2 general dentists, 2 oral surgeons, 1 periodontist, 1 pharmacist, and 1 statistician. Based on
an extensive literature review, this subcommittee designed a survey to assess the knowledge,
perceptions, and practice behavior of dental practitioners in relation to bisphosphonate
therapy and oral health.

At present, there is no known literature concerning dentists' perceptions and subsequent
clinical practice related to BONJ; however, a 2010 pilot study assessed BONJ knowledge
among dentists and dental students in Murcia, Spain, revealing that 50% of students and
68% of dentists had up-to-date knowledge about BONJ but that only 13% of students and
33% of dentists knew how to treat established BONJ.24 Some of the knowledge-based
questions in the present study survey were extracted and modified from the 2010 study.24
The final 38-item survey was prepared in English and made available to dental practitioners
through either an online survey (SurveyMonkey, www.surveymonkey.com) or a paper-
based format. STOHN members (n = 60), faculty from the UTHSCSA Dental School (n =
318), members of the San Antonio Dental District Society (n = 700), and the Laredo Dental
District Society (n = 30) were invited to complete the survey; of these, 93 dental
practitioners (8.4%) volunteered to participate in this study by completing the survey either
online (n = 86) or by paper during a STOHN meeting (n = 7).

Background data for each practitioner were collected, including their title/role (that is,
dentist, faculty, or resident), dental specialty (general, periodontics, endodontics, pediatric
dentistry, orthodontics, oral/maxillofacial, prosthodontics, or other), year in which the
highest level of dental training was completed (prior to 1970, 1970-1979, 1980-1989,
1990-1999, and 2000-2010), and STOHN membership (yes or no).

The participants' knowledge and perception of BONJ were assessed on the basis of their
responses to survey questions concerning the risk of developing BONJ, treatment of BONJ,
and the practitioner's current practices. A total of 38 questions (4 demographic-based, 9
knowledge-based and 25 perception-based) were evaluated. Knowledge and perception
questions could be answered with estimated percentages or numbers, with answers of either
true/false/don't know, always/sometimes/rarely/never, or strongly agree/agree/neutral/
disagree/strongly disagree. A STOHN-developed knowledge score was calculated based
upon correct answers to the 9 knowledge-based questions. Correct answers were those
deemed most supported by current literature. Knowledge questions for which limited or
inconclusive information was available were viewed as correctly answered by the less
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definitive responses of agree/neutral/disagree. A knowledge score equal to the sum of
correct answers was constructed. Participants were classified as having a high-knowledge
score (7-9 questions answered correctly) or a low-knowledge score (0-6 questions answered
correctly). Strongly agree, agree, always, and sometimes were interpreted as positive survey
responses; strongly disagree, disagree, rarely and never were viewed as negative responses.
Contingency tables of knowledge score category versus each survey item response and
reported positive or negative responses (in %) were constructed.

Statistical analysis

Results

Descriptive statistics were used to summarize each of the survey questions, and knowledge
score mean, standard deviation, median, and interquartile range were computed. Specialty
categories were collapsed into 3 groups: General Dentistry (general and pediatric), Surgical
(endodontics, periodontics, oral surgeons), and Nonsurgical (orthodontics, prosthodontics,
other). Associations between practitioner characteristics and continuous knowledge score
were assessed using the Kruskal-Wallis test. Associations between survey response and
knowledge score category (that is, high or low) were assessed using Fisher's exact test. All
statistical tests were performed at the 2-sided 0.05 level of statistical significance and all
statistical analyses were conducted using statistical analysis software (SAS Version 9.2,
SAS Institute, Inc.).

From September 2010 through July 2011, 93 dental practitioners took the 38-item survey to
assess their knowledge and perception of BONJ incidence, risk factors, the effects of
performing dental treatment before and after initiating bisphosphonate therapy, and each
respondent's current practices as they relate to bisphosphonates and risk for developing
BONLJ. Practitioner estimates of BONJ in their practices are presented in Charts 1-3. The
majority of practitioners surveyed were dentists (83%), while 9% were faculty, 7% were
identified as both dentist and faculty, and 1% was in residency. A majority of respondents
were classified as general dentists (69%), while 25% were classified as dental surgeons, and
6% worked in a nonsurgical specialty. The median year in which dental training was
completed was 1990 [range = 1954-2010]. Among the practitioners, 18% were members of
STOHN. The distribution of survey responses observed for the 9 questions included in the
knowledge score are presented in Table 1.1:3-6.12.13,15.23-25 Knowledge score was computed
based on the 88 survey respondents who provided complete data. The overall observed
knowledge score range was 4 to 9, with a median interquartile range (IQR) of 7.0 [6,8].
Sixty-four practitioners were placed into the high-knowledge category with a median IQR of
8 [7,9], while 24 were placed into the low-knowledge category with a median IQR score of
6 [5,6]. Six of the 9 knowledge questions were answered correctly by 90% of all the
practitioners.

The survey results revealed that 51% of the participants were aware of the link between
BONJ and untreated/pre-existing dental disease. When participants were grouped by
knowledge level, 78% of the dental practitioners in the high-knowledge group reported they
were well informed about BONJ compared to 54% in the low-knowledge group (P = 0.03).
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Both high-knowledge and low-knowledge participants (86% and 79%, respectively)
correctly believed that patients should not undergo elective invasive treatments during 1V
bisphosphonate use. Regardless of BONJ knowledge score, most participants would avoid
elective invasive procedures for patients taking any form of bisphosphonates, and will refer
patients who require invasive dental treatment and are undergoing bisphosphonate therapy to
an appropriate specialist.

Based on the survey results, 94% of high-knowledge practitioners will ask their patients if
they are taking bisphosphonates, compared to only 71% of low-knowledge practitioners (P =
0.01). When practitioners are aware that a patient is receiving oral bisphosphonate therapy,
93% of all participating practitioners (regardless of knowledge score) will discuss the risk of
developing BONJ with their patients. In addition, 80% of all participants will modify their
treatment recommendation if the patient is taking oral bisphosphonates. Whereas 97% of
high-knowledge practitioners will modify treatment for patients receiving IV
bisphosphonates, compared to only 79% of low-knowledge practitioners (P = 0.06). While
most participants will modify their treatment plans for patients taking bisphosphonates,
approximately 63% of all participants reported they did not have informed-consent forms
that outline the risks that BONJ may result after invasive dental treatment. Practitioners
were asked whether they routinely ordered blood work for patients taking bisphosphonates
to evaluate circulating levels of C-terminal cross-linking telopeptide (CTX) prior to invasive
treatment. Among respondents, 30% of high-knowledge participants reported ordering this
blood work compared to 9% of low-knowledge participants (P = 0.05).

While high-knowledge and low-knowledge participants (76% and 58%, respectively) claim
to be confident they could identify a case of BONJ, neither group would be comfortable
managing such a case. Regardless of knowledge level, 65% of practitioners perceive their
patients are not well informed about BONJ, while 47% report their patients are unconcerned
about developing BONJ. Approximately 55% of all participants reported that their patients
will choose to delay dental care due to pre-existing bisphosphonate use. Conversely, 42% of
high-knowledge practitioners and 21% of low-knowledge practitioners report that their
patients will elect to delay the start of bisphosphonate therapy until dental care is completed.
It should be noted that 85% of all participants indicated that they were concerned about the
possibility of their patients developing BONJ and would like more guidelines regarding
BONJ identification, risk, and management.

Discussion

The results of the present study show that practitioner knowledge of BONJ risk influences
how those surveyed conduct their practice. Furthermore, the level of knowledge relates
directly to the practitioner's self-perception of understanding; that is, the high-knowledge
group better recognized their higher level of understanding compared to the low-knowledge
group. This result is consistent with previous studies, suggesting greater accuracy for self-
perception of one's level of understanding in relation to one's true knowledge base.3* The
findings from the present study document the direct relationship between the practitioner's
knowledge base and correct practice behaviors for this patient population, reinforcing the
value of incorporating research findings into clinical care. In this context, it must also be
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noted that most dental practitioners (~90%) had an adequate knowledge of BONJ,
answering at least 6 of the 9 knowledge questions from the survey correctly.

One known risk factor of BONJ is the use of IV bisphosphonates that are prescribed to
patients with hypercalcemia of malignancy or metastases to bone. In keeping with
recommendations from the AAOMS, practitioners from both the high- and low-knowledge
groups agreed that elective dental treatment should not be performed during IV
bisphosphonate therapy.1% While no statistical difference was observed between the groups,
there was a trend indicating more practitioners in the high-knowledge group would modify
dental treatment for patients on 1V bisphosphonates compared to those in the low-
knowledge group.

Evidence suggests oral bisphosphonates are associated with a lower risk of inducing BONJ
compared to IV bisphosphonates.420.29-31 One key observation in the present study was
that 80% of all practitioners surveyed stated they would modify their treatment
recommendations for patients taking oral bisphosphonates, regardless of their knowledge
score. This finding demonstrates clearly that the respondents are not comfortable with
treating low-risk patients on oral bisphosphonates; as a result, these patients may be
foregoing dental treatment unnecessarily. Eighty percent of the participants in the low-
knowledge group report modifying treatment for patients on oral bisphosphonates and IV
bisphosphonates equally. This finding suggests a lack of understanding of the different risks
for developing BONJ among patients taking oral bisphosphonates and those taking 1V
bisphosphonates. As a result, patients who have received 1V bisphosphonates may be over
treated and patients taking low-dose oral bisphosphonates undertreated.

Another noted difference in practice behavior involved asking patients whether they are
currently using (or have ever used) bisphosphonates. The value in obtaining this important
medical information is appreciated by more practitioners in the high-knowledge group.
However, once practitioners become aware of their patient's history of bisphosphonate use,
more than 90% of all practitioners (regardless of knowledge score) will discuss the risk of
BONJ with their patients. This behavior is consistent with the treatment recommendations
made by the American Dental Association (ADA) Council on Scientific Affairsin 2011.4
Dental practitioners should routinely discuss the risks and benefits of dental care and the risk
of BONJ with patients taking bisphosphonates.* Similarly, knowledge base had little
influence on practitioner behavior related to providing specific informed consent and
referring at-risk patients for invasive dental treatment. Of those surveyed, 63% do not have
informed-consent forms related specifically to the risk of developing BONJ. Regardless of
the respondent's knowledge score, most participants will avoid invasive procedures on
patients who are taking any form of bisphosphonate and report referring patients to a
specialist for required invasive treatment.

Differences were also noted between groups regarding CTX blood work. While a minority
of practitioners overall reported using this marker to guide treatment, the high-knowledge
group reported using it more often. It has been hypothesized in the literature that CTX in the
urine or blood may serve as an indicator of increased risk for BONJ.3%> However, a recent
prospective study evaluated CTX levels in patients who were taking bisphosphonates and
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suggested that CTX is not predictive of the development of BONJ following invasive dental
treatment.36

Bisphosphonates can remain in the bone for up to 10 years; however, it is unclear how this
long half-life translates into risk of patients developing BONJ after short- or long-term
bisphosphonate use.3” At present, there is little evidence to delineate when the risk for
BONLJ decreases after bisphosphonate therapy is discontinued. Available data suggests that
discontinuing oral bisphosphonates for 6-12 months may result in spontaneous sequestration
or resolution of existing BONJ.30 Given the low incidence of BONJ and the long half-life of
bisphosphonates in the alveolar bone, this important question proves difficult to study.
Importantly, patients who need invasive dental treatment due to infection and/or pain should
receive treatment regardless of bisphosphonate use. Only elective invasive dental procedures
should be avoided to eliminate the risk of developing BONJ.30 If possible, patients who
need 1V bisphosphonate therapy should complete all invasive dental care prior to initiating
bisphosphonate treatment.

This study also surveyed practitioners' perception of their patients' concern about and
knowledge of BONJ, and their resultant treatment decisions. Many practitioners (~65%)
believed their patients were not well-informed about BONJ, and approximately 50%
believed their patients were not concerned about developing BONJ. Interestingly, slightly
more than 50% believed their patients would choose to delay dental treatment due to
concerns related to previous bisphosphonate use.

This survey revealed that 42% of high-knowledge practitioners report that their patients will
elect to delay bisphosphonate therapy until dental care is completed, compared to 21% of
low-knowledge practitioners, a finding that relates to the lower percentage of low-
knowledge practitioners who inquire about bisphosphonate use. Unfortunately, the
appropriateness of these practitioners' decisions, along with their relative risks and benefits,
remains unknown.

Lastly, it was determined that 85% of practitioners wanted more information and guidelines
for providing dental care to patients taking bisphosphonates. The AAOMS published a
position paper on BONJ in 2006 that outlined the staging and treatment of BONJ.8 This
position paper was updated in 2009; at that time, the staging of BONJ was modified to
include the Stage 0 category and to define Stage 3 disease more accurately; the updated
recommendations are summarized in Table 2.20 In consideration of these treatment
recommendations, general practitioners should make treatment and referral decisions based
on their knowledge and experience in treating patients on bisphosphonates or patients with
existing BONJ. According to the AAOMS recommendations, patients with stage 0 or 1
disease should be monitored every 3 months to determine disease progression and verify
healing.8

A 2011 article by Hellstein et al summarized the recommendations from the ADA Council
on Scientific Affairs regarding the care of patients receiving antiresorptive therapy for
preventing and treating of osteoporosis.* After an extensive review of the current literature,
the panel concluded that the risk of BONJ in a patient not afflicted with cancer is low; the
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highest prevalence estimate was 0.10%.# To date, no conclusive studies have assessed BONJ
incidence; however, the ADA Council has provided prevention strategies for patients
receiving antiresorptive therapy for osteoporosis (Table 3) and treatment recommendations
for specific dental conditions.# Ideally, patients will complete all necessary dental care prior
to starting bisphosphonate treatment, which should be followed by good oral hygiene and
routine dental care. However, many patients may have already begun bisphosphonate
therapy when they are initially evaluated in the dental clinic; as a result, it is essential to
inform patients about the risks of developing BONJ prior to dental care.* Council-
recommended points of discussion include the following: anti-resorptive therapy for low
bone mass puts osteoporosis patients at a very low risk (0.10%) of developing BONJ, the
low risk can be minimized but not eliminated, sound oral hygiene and routine dental care
may be the best approach for minimizing risk of BONJ, there are no diagnostic tests that
determine which patients are at risk of developing BONJ, and discontinuing bisphosphonate
therapy may not eliminate the risk of developing BONJ but may have a negative impact on
osteoporosis.* There is no data proving that a drug holiday is useful in reducing the risk of
BONLJ. In addition, discontinuing treatment should be a medical decision based on the risk
of skeletally related events (bone fractures) rather than the potential risk of BONJ.#

Intended as a pilot project of the STOHN PBRN, the population of the present study
consisted of a convenience sample of dental practitioners in the areas of San Antonio and
South Texas, and was limited by the number of surveys completed voluntarily. The findings
of this study could be biased, as those who replied to the survey may have been those most
aware of BONJ. Conducting a similar survey with a larger sample may yield more
generalized results. Future studies should incorporate more specific knowledge questions
such as those addressing drug potency and duration of therapy, 2 known predisposing
factors for BONJ. Additionally, future studies should evaluate physicians' knowledge and
perceptions related to BONJ to determine if physicians are aware of the risk of patients
developing BONJ following bisphosphonate therapy, if they are discussing these risks with
their patients, and if they are referring patients to complete dental care prior to starting
antiresorptive treatment. These findings may improve collaborations between physicians and
dental practitioners when managing patients who are undergoing bisphosphonate therapy
and require dental care.

Conclusion

The results of this survey demonstrate the importance of a dental practitioner understanding
BONJ and communicating risks to patients, and how this knowledge affects their treatment
recommendations. While much remains unknown regarding the risk of BONJ, position
statements and recommendations for managing patients on bisphosphonate therapy are
available.#20 This study reinforces the value of disseminating and translating this evidence
for dental practitioners.
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Chart 1.
Practitioner-estimated percentage of patients taking oral bisphosphonates.
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Chart 2.
Practitioner-estimated percentage of patients taking IV bisphosphonates.
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AAOMS-recommended staging and treatment strategies for medication-related

osteonecrosis of the jaw?20

infection, and one or more of the following: exposed and necrotic bone
extending beyond the region of alveolar bone, (i.e., inferior border and ramus in
the mandible, maxillary sinus and zygoma in the maxilla), resulting in
pathologic fracture; extra oral fistula; oral antral or oral nasal communication;
or osteolysis extending to the inferior border of the mandible or the sinus floor

Stage Description Treatment Strategies

Atrisk | No apparent necrotic bone in patients who have been treated with either oral or No treatment indicated
1V bisphosphonates

0 No clinical evidence of necrotic bone, but nonspecific clinical findings and Systemic management, including use of pain
symptoms medication and antibiotics

1 Exposed and necrotic bone or fistulas that probes to bone in patients who are Antibacterial mouth rinse, clinical follow-up on
asymptomatic and have no evidence of infection quarterly basis, patient education and review of

indications for continued bisphosphonate therapy

2 Exposed and necrotic bone or fistulas that probes to bone associated with Symptomatic treatment with oral antibiotics, oral
infection as evidenced by pain and erythema in region of exposed bone with or antibacterial mouth rinse, pain control,
without purulent drainage debridement to relieve soft tissue irritation

3 Exposed and necrotic bone or fistulas that probes to bone in patients with pain, Antibacterial mouth rinse, antibiotic therapy and

pain control, surgical debridement/resection for
long-term palliation of infection and pain
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Table 3

ADA Council on Scientific Affairs Executive Summary recommendations for patients receiving anti-
resorptive therapy to prevent and treat osteoporosis.

Prevention strategies for patients receiving antiresorptive therapy

Variable -
Duration of
antiresorptive
therapy

Considerations for managing patient's oral health

Before therapy

Optimal time to establish lifetime oral health awareness, as the long-term nature of anti-resorptive therapy is associated
with ever-increasing BONJ risk

Optimal period to remove unsalvageable teeth and perform invasive dentoalveolar procedures, although a less stringent
requirement than that for patients being treated with these drugs as part of cancer therapy

On assessment of the overall caries risk, periodontal disease risk and “dental intelligence quotient” of the patient, the
dentist is best qualified to establish an appropriate treatment plan in coordination with the patient and the patient's
physician

<2 years

Above discussions and assessments often are not performed or even possible before start of anti-resorptive therapy, but
all remain applicable after treatment has begun; risk during this period is very low; however, a few cases of BONJ have
been reported38; dentoalveolar procedures involving periosteal penetration or intramedullary bone exposure (for
example, extractions, apicoectomies, periodontal surgeries, implants, or biopsies) seem to carry a minimal risk of the
patient's developing BONJ; chlorhexidine rinses are advised whenever periosteal or medullary bone exposure is
anticipated or observed; for patients with multiple surgical needs, a trial segmental approach may be helpful in assessing
a specific patient's risk of developing osteonecrosis and in reducing the likelihood of developing multifocal BONJ

>2 years

Continue as above while advising the patient and physician who prescribes anti-resorptive drugs that the risk of
developing BONJ continues to increase with extended drug use

Any length of
therapy

The dentist should discuss anti-resorptive therapy with the patient's physician as it relates to the patient's oral health;
discontinuation of anti-resorptive therapy should be a medical decision based primarily on the risk of experiencing
skeletal-related events (for example, fractures) secondary to low bone density, not the potential risk of developing BONJ;
no oral or maxillofacial surgical procedures are strictly contraindicated, although it is the opinion of the expert
committee that treatment plans that minimize periosteal and/or intrabony exposure or disruption are preferred.
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