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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.4 Those approved for treatment related to malignancy are available primarily in 

intravenous (IV) formulations. Bisphosphonates approved for osteoporosis and Paget's 

disease generally are oral formulations; however, some are available for short IV 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.2,5,6 

Administering bisphosphonates to cancer patients at risk for metastases to bone dramatically 

reduces both tumor invasion of bone and corresponding bone pain and fractures.7-19

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.20 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.2,4,8,21

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.4,20 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.2,4,16,22-27 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.1 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.4 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

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.).

Results

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 

BONJ. 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 IV 

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.34 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 

Gonzales et al. Page 5

Gen Dent. Author manuscript; available in PMC 2016 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



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.10 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 IV 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.1,4,20,29-31 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 IV 

bisphosphonates. As a result, patients who have received IV 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 Affairs in 2011.4 

Dental practitioners should routinely discuss the risks and benefits of dental care and the risk 

of BONJ with patients taking bisphosphonates.4 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.35 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.37 At present, there is little evidence to delineate when the risk for 

BONJ 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 IV 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.4 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%.4 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.4 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.4 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.4 There is no data proving that a drug holiday is useful in reducing the risk of 

BONJ. 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.4

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.4,20 This study reinforces the value of disseminating and translating this evidence 

for dental practitioners.

Acknowledgments

The authors would like to acknowledge the support of the Clinical Translation Science Award, funded by the 
National Institutes of Health, Bethesda, Maryland (UL IRR025767); and the National Dental Practice-Based 

Gonzales et al. Page 8

Gen Dent. Author manuscript; available in PMC 2016 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Research Network, funded by the National Institute of Dental and Craniofacial Research, Bethesda, Maryland 
(U19-DE-22516).

References

1. Almazrooa SA, Woo SB. Bisphosphonate and nonbisphosphonate-associated osteonecrosis of the 
jaw: a review. J Am Dent Assoc. 2009; 140(7):864–875. [PubMed: 19571050] 

2. Assael LA. Oral bisphosphonates as a cause of bisphosphonate-related osteonecrosis of the jaws: 
clinical findings, assessment of risks, and preventive strategies. J Oral Maxillofac Surg. 2009; 
67(Suppl 5):35–43. [PubMed: 19371813] 

3. Ruggiero SL, Mehrotra B, Rosenberg TJ, Engroff SL. Osteonecrosis of the jaws associated with the 
use of bisphosphonates: a review of 63 cases. J Oral Maxillofac Surg. 2004; 62(5):527–534. 
[PubMed: 15122554] 

4. Hellstein JW, Adler RA, Edwards B, et al. Managing the care of patients receiving antiresorptive 
therapy for prevention and treatment of osteoporosis: executive summary of recommendations from 
the American Dental Association Council on Scientific Affairs. J Am Dent Assoc. 2011; 142(11):
1243–1251. [PubMed: 22041409] 

5. Black DM, Schwartz AV, Ensrud JA, et al. Effects of continuing or stopping alendronate after 5 
years of treatment: the Fracture Intervention Trial Long-term Extension (FLEX): a randomized trial. 
JAMA. 2006; 296(24):2927–2938. [PubMed: 17190893] 

6. Brown JE, Ellis SP, Lester JE, et al. Prolonged efficacy of a single dose of the bisphosphonate 
zoledronic acid. Clin Cancer Res. 2007; 13(18 Pt 1):5406–5410. [PubMed: 17875770] 

7. Rosen LS, Gordon D, Kaminski M, et al. Zoledronic acid versus pamidronate in the treatment of 
skeletal metastases in patients with breast cancer or osteolytic lesions of multiple myeloma: a phase 
III, double-blind, comparative trial. Cancer J. 2001; 7(5):377–387. [PubMed: 11693896] 

8. Advisory Task Force on Bisphosphonate-Related Ostenonecrosis of the Jaws, American Association 
of Oral and Maxillofacial Surgeons. American Association of Oral and Maxillofacial Surgeons 
position paper on bisphosphonate-related osteonecrosis of the jaws. J Oral Maxillofac Surg. 2007; 
65(3):369–376. [PubMed: 17307580] 

9. Nussbaum SR, Younger J, Vandepol CJ, et al. Single-dose intravenous therapy with pamidronate for 
the treatment of hypercalcemia of malignancy: comparison of 30-, 60-, and 90-mg dosages. Am J 
Med. 1993; 95(3):297–304. [PubMed: 8368227] 

10. Major P, Lortholary A, Hon J, et al. Zoledronic acid is superior to pamidronate in the treatment of 
hypercalcemia of malignancy: a pooled analysis of two randomized, controlled clinical trials. J 
Clin Oncol. 2001; 19(2):558–567. [PubMed: 11208851] 

11. Hortobagyi GN, Theriault RL, Porter L, et al. Efficacy of pamidronate in reducing skeletal 
complications in patients with breast cancer and lytic bone metastases. Protocol 19 Aredia Breast 
Cancer Study Group. N Engl J Med. 1996; 335(24):1785–1791. [PubMed: 8965890] 

12. Hortobagyi GN, Theriault RL, Lipton A, et al. Long-term prevention of skeletal complications of 
metastatic breast cancer with pamidronate. Protocol 19 Aredia Breast Cancer Study Group. J Clin 
Oncol. 1998; 16(6):2038–2044. [PubMed: 9626201] 

13. Hillner BE, Ingle JN, Chlebowski RT, et al. American Society of Clinical Oncology 2003 update 
on the role of bisphosphonates and bone health issues in women with breast cancer. J Clin Oncol. 
2003; 21(21):4042–4057. [PubMed: 12963702] 

14. Saad F, Gleason DM, Murray R, et al. A randomized, placebo-controlled trial of zoledronic acid in 
patients with hormone-refractory metastatic prostate carcinoma. J Natl Cancer Inst. 2002; 94(19):
1458–1468. [PubMed: 12359855] 

15. Saad F, Gleason DM, Murray R, et al. Long-term efficacy of zoledronic acid for the prevention of 
skeletal complications in patients with metastatic hormone-refractory prostate cancer. J Natl 
Cancer Inst. 2004; 96(11):879–882. [PubMed: 15173273] 

16. Rosen LS, Gordon D, Tchekmedyian NS, et al. Long-term efficacy and safety of zoledronic acid in 
the treatment of skeletal metastases in patients with nonsmall cell lung carcinoma and other solid 
tumors: a randomized, Phase III, double-blind, placebo-controlled trial. Cancer. 2004; 100(12):
2613–2621. [PubMed: 15197804] 

Gonzales et al. Page 9

Gen Dent. Author manuscript; available in PMC 2016 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



17. Berenson JR, Lichtenstein A, Porter L, et al. Efficacy of pamidronate in reducing skeletal events in 
patients with advanced multiple myeloma. Myeloma Aredia Study Group. N Engl J Med. 1996; 
334(8):488–493. [PubMed: 8559201] 

18. Berenson JR, Lichtenstein A, Porter L, et al. Long-term pamidronate treatment of advanced 
multiple myeloma patients reduces skeletal events. Myeloma Aredia Study Group. J Clin Oncol. 
1998; 16(2):593–602. [PubMed: 9469347] 

19. Berenson JR, Hillner BE, Kyle RA, et al. American Society of Clinical Oncology clinical practice 
guidelines: the role of bisphosphonates in multiple myeloma. J Clin Oncol. 2002; 20(17):3719–
3736. [PubMed: 12202673] 

20. Ruggiero SL, Dodson TB, Fantasia J, Goodday R, Aghaloo T, Mehrotra B, O'Ryan F. American 
Association of Oral and Maxillofacial Surgeons position paper on medication-related 
osteonecrosis of the jaw--2014 update. J Oral Maxillofac Surg. 2014 Oct; 72(10):1938–56. 
[PubMed: 25234529] 

21. Thumbigere-Math V, Sabino MC, Gopalakrishnan R, et al. Bisphosphonate-related osteonecrosis 
of the jaw: clinical features, risk factors, management, and treatment outcomes of 26 patients. J 
Oral Maxillofac Surg. 2009; 67(9):1904–1913. [PubMed: 19686928] 

22. Fantasia JE. Bisphosphonates—what the dentist needs to know: practical considerations. J Oral 
Maxillofac Surg. 2009; 67(5 Suppl):53–60. [PubMed: 19371815] 

23. McClung MR, Lewiecki EM, Cohen SB, et al. Denosumab in postmenopausal women with low 
bone mineral density. N Engl J Med. 2006; 354(8):821–831. [PubMed: 16495394] 

24. Lopez-Jornet P, Camacho-Alonso F, Molina-Minano F, Gomez-Garcia F. Bisphosphonate-
associated osteonecrosis of the jaw. Knowledge and attitudes of dentists and dental students: a 
preliminary study. J Eval Clin Pract. 2010; 16(5):878–882. [PubMed: 20663005] 

25. Aghaloo TL, Felsenfeld AL, Tetradis S. Osteonecrosis of the jaw in a patient on Denosumab. J 
Oral Maxillofac Surg. 2010; 68(5):959–963. [PubMed: 20149510] 

26. Wessel JH, Dodson TB, Zavras AI. Zoledronate, smoking, and obesity are strong risk factors for 
osteonecrosis of the jaw: a case-control study. J Oral Maxillofac Surg. 2008; 66(4):625–631. 
[PubMed: 18355585] 

27. Rustemeyer J, Bremerich A. Bisphosphonate-associated osteonecrosis of the jaw: what do we 
currently know? A survey of knowledge given in the recent literature. Clin Oral Investig. 2010; 
14(1):59–64.

28. Fellows JL, Rindal DB, Barasch A, et al. ONJ in two dental practice-based research network 
regions. J Dent Res. 2011; 90(4):433–438. [PubMed: 21317245] 

29. Ruggiero SL, Woo SB. Biophosphonate-related osteonecrosis of the jaws. Dent Clin North Am. 
2008; 52(1):111–128. ix. [PubMed: 18154867] 

30. Cartsos VM, Zhu S, Zavras AI. Bisphosphonate use and the risk of adverse jaw outcomes: a 
medical claims study of 714,217 people. J Am Dent Assoc. 2008; 139(1):23–30. [PubMed: 
18167381] 

31. Barasch A, Cunha-Cruz J, Curro FA, et al. Risk factors for osteonecrosis of the jaws: a case-
control study from the CONDOR dental PBRN. J Dent Res. 2011; 90(4):439–444. [PubMed: 
21317246] 

32. Morag Y, Morag-Hezroni M, Jamadar DA. Bisphosphonate-related osteonecrosis of the jaw: a 
pictorial review. Radiographics. 2009; 29(7):1971–1984. [PubMed: 19926757] 

33. 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(8):2387–
2395. [PubMed: 18413829] 

34. Davis DA, Mazmanian PE, Fordis M, et al. Accuracy of physician self-assessment compared with 
observed measures of competence: a systematic review. JAMA. 2006; 296(9):1094–1102. 
[PubMed: 16954489] 

35. Marx RE, Cillo JE Jr, Ulloa JJ. Oral bisphosphonate-induced osteonecrosis: risk factors, prediction 
of risk using serum CTX testing, prevention, and treatment. J Oral Maxillofac Surg. 2007; 65(12):
2397–2410. [PubMed: 18022461] 

Gonzales et al. Page 10

Gen Dent. Author manuscript; available in PMC 2016 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



36. O'Connell JE, Ikeagwani O, Kearns GJ. A role for C-terminal cross-linking telopeptide (CTX) 
level to predict the development of bisphosphonate-related osteonecrosis of the jaws (BRONJ) 
following oral surgery? Ir J Med Sci. 2012; 181(2):237–242. [PubMed: 22223192] 

37. Cheng A, Mavrokokki A, Carter G, et al. The dental implications of bisphosphonates and bone 
disease. Aust Dent J. 2005; 50(4 Suppl 2):S4–S13. [PubMed: 16416712] 

38. 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 Mar; 65(3):415–23. [PubMed: 
17307586] 

Gonzales et al. Page 11

Gen Dent. Author manuscript; available in PMC 2016 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



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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Chart 3. 
Practitioner-estimated number (%) BONJ cases encountered in practice
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Table 2
AAOMS-recommended staging and treatment strategies for medication-related 

osteonecrosis of the jaw20

Stage Description Treatment Strategies

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

No treatment indicated

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

Systemic management, including use of pain 
medication and antibiotics

1 Exposed and necrotic bone or fistulas that probes to bone in patients who are 
asymptomatic and have no evidence of infection

Antibacterial mouth rinse, clinical follow-up on 
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 
infection as evidenced by pain and erythema in region of exposed bone with or 
without purulent drainage

Symptomatic treatment with oral antibiotics, oral 
antibacterial mouth rinse, pain control, 
debridement to relieve soft tissue irritation

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

Antibacterial mouth rinse, antibiotic therapy and 
pain control, surgical debridement/resection for 
long-term palliation of infection and pain

Gen Dent. Author manuscript; available in PMC 2016 March 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Gonzales et al. Page 17

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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