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Abstract

This paper reports the case history of a patient who had bisphosphonate-associated osteonecrosis

of the jaw (ONJ) in which adjunctive treatment with teriparatide was used. The patient was treated

for 5 years with alendronate for osteoporosis and developed ONJ after extraction of maxillary

teeth. An implant was placed at the site of the extracted teeth. The pathology report confirmed the

clinical diagnosis of ONJ; treatment was changed from alendronate to teriparatide and the ONJ

resolved. To our knowledge, this is the third case history reported in the literature in which

teriparatide was successfully used as adjunct therapy in ONJ because it has an anabolic effect and

presumed role in accelerating bone healing. ONJ is a serious but infrequent condition that has

been recently associated with nitrogen-containing bisphosphonate therapy.

Teriparatide may be a useful adjunctive therapy when ONJ develops.

Introduction

Osteonecrosis of the jaw (ONJ) associated with bisphosphonate therapy was initially

described1 in 2003 among patients receiving parenteral bisphosphonates for lytic bone

lesions and cancer-associated hypercalcemia. Since then, at least 865 case reports of

bisphosphonate-associated ONJ involving the use of oral and parenteral bisphosphonates

have been reported in the English-language literature.2 The rise in the number of published

cases can be explained not only by the increased recognition of this condition by clinicians,3

but also by cumulative doses of bisphosphonates over time.4 Although most reports of ONJ

involve patients receiving intravenous aminobisphosphonates for hypercalcemia of
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malignancy and for the prevention and treatment of bone metastases, data are accumulating

regarding lesions in patients treated with oral bisphosphonates for osteoporosis.5,6

The prevalence of ONJ appears to vary widely depending on the underlying indication for,

and potency and duration of, the bisphosphonate treatment. Various study designs and

methodologies have been used to determine the epidemiology of ONJ,5,7 including Web-

based surveys,8 reports from clinical trials,9 retrospective chart reviews,10 and population-

based studies.11 It is important to recognize that these individual studies used different

diagnostic criteria and study designs which may contribute to the heterogeneity of the

results.

Recent postmarketing reports of two oral bisphosphonates used for patients with

osteoporosis showed an ONJ incidence of less than 1.2 per 100,000 patient-years for

risedronate use, and of less than 0.5–2.5 per 100,000 patient- years for alendronate.7,12,13

The criteria used to confirm the diagnosis of ONJ in these studies were heterogeneous. In

contrast, the frequency of ONJ in patients with multiple myeloma, breast cancer, and

prostate cancer who have been treated with intravenous bisphosphonates varied between 1%

and 15%.8,14-18

ONJ prevalence seems to be related to the duration of bisphosphonate therapy in most

subjects.7 In 2004–2005, a postal survey11 of Australian Oral and Maxillofacial Surgeons

identified 158 cases of ONJ among patients taking bisphosphonates for multiple indications.

The frequency of ONJ in patients with osteoporosis, most of them on weekly alendronate,

was 1 in 2,260 to 1 in 8,470, approximately 100 times lower than in patients on IV

bisphosphonates but still much higher than previous estimates among patients with

osteoporosis. When dental extractions were done in this population, the calculated frequency

of ONJ is estimated to be between 1 in 296 and 1 in 1,130. The median time to onset of ONJ

was 12 months for zoledronate and 24 months in the case of pamidronate and alendronate.

However, the diagnosis of ONJ in this study was not accompanied by formal validation of a

case definition.11

Sedghizadeh et al.19 conducted an extensive search in the electronic medical record system

of a single center for patients with a history of alendronate use who were also being treated

for ONJ in the Oral Surgery clinic and the Orofacial Pain and Oral Medicine clinic at the

University of Southern California. Inclusion criteria were that subjects had clinical features

of ONJ, had a bisphosphonate history consistent with a diagnosis of ONJ which was defined

as exposed necrotic bone (sequestra) in subjects with pain, infection, and a pathological

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

floor of the sinonasal cavity—stage 2 or 3 in the ONJ staging system according to Ruggiero

et al.20 The authors found that prevalence of ONJ secondary to oral alendronate therapy was

approximately 4% and more common than previously suggested.19

A key limitation of this 4% prevalence estimate is that the study population was from a

tertiary care referral center of patients receiving dental services and is therefore not

population based. However, in a large controlled trial, the Health Outcomes and Reduced

Incidence with Zoledronic Acid Once Yearly (HORIZON) Pivotal Fracture Trial,9 almost
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4,000 osteoporotic women were treated with 5 mg of zoledronate annually for 3 years, and a

similar number received a placebo. Despite a rigorous search for any potential cases of

bisphosphonate-associated ONJ—defined as an exposed bone with delayed healing despite 6

weeks of appropriate medical care and adjudicated by a blinded panel of experts—only two

possible cases were found: one in the placebo group and one in the treatment group (a case

of osteomyelitis that preceded any treatment with zoledronate).9,21 No ONJ lesions were

seen in the HORIZON Recurrent Fracture Trial,22 which included more than 2,000 subjects

who had suffered hip fracture. Both of these studies were funded by the maker of

zoledronate and the patients’ follow-up was relatively short (3 years).

The risk of developing ONJ while taking intravenous pamidronate or zoledronate in cancer

patients was further evaluated in a population-based cohort study23 using data from the

Surveillance, Epidemiology and End Results (SEER) program linked to Medicare claims.

Because there was no billing diagnosis code specific for ONJ, surrogate International

Disease Classification, 9th edition (ICD9) and Current Procedural Terminology (CPT) codes

thought to represent ONJ lesions were used in the claims data. These ICD9 and CPT codes

identified diagnoses of inflammatory conditions or osteomyelitis of the jaw or facial bone

surgery.23 This study included 14,349 intravenous bisphosphonate users. The use of

pamidronate and zoledronate was associated with an increased risk for facial bone surgery

(hazard ratio [HR] 3.15, 95% CI 1.86–5.32) and an increased risk for diagnosis of

inflammatory conditions or osteomyelitis of the jaw (HR 11.48, 95% CI 6.49–20.33).23

Predisposing factors

Both oral and systemic factors are thought to predispose individuals to develop ONJ.24-27

The oral risk factors include dental and periodontal disease, dental surgery, oral trauma, and

poor dental hygiene. Systemic factors include dose, duration and type of bisphosphonate

therapy, concomitant therapies (chemotherapy, corticosteroids), alcohol use, smoking,

advanced age, and other underlying medical conditions (diabetes mellitus or peripheral

vascular disease).

Pathogenesis

Bisphosphonates are pyrophosphate analogues characterized by their ability to localize to

the bone where they inhibit osteoclast function.28 After being taken in by the skeleton, they

continue to persist in the bone, due to their very long half-lives related to their strong

mineral binding affinity.29 The precise molecular mechanism by which bisphosphonates

may predispose to the development of ONJ is not well understood. Similarly, the effect of

bisphosphonates on dental implant osseointegration is still under debate. Although dental

implant failures associated with oral bisphosphonate therapy have been reported in the

literature,30 both animal and human studies have shown no adverse effect of

bisphosphonates on dental implant osseointegration.31-33 A longitudinal single-blind

controlled study34 compared implant success in 25 postmenopausal women receiving oral

bisphosphonate (102 implants) to 25 age-matched women (108 implants). At the end of the

3-year observation period, there were no cases of ONJ and the implant success was greater

than 99% in both groups. Currently, the American Society for Bone and Mineral Research
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(ASBMR) does not consider prior oral bisphosphonate therapy as a contraindication to

dental implant placement, nor are routine dental examinations recommended before

beginning oral bisphosphonate therapy for osteoporosis.7

Clinical manifestations

An ASBMR task force panel defined ONJ as the presence of exposed bone in the

maxillofacial region that does not heal for at least 8 weeks after its identification by a

clinician in a patient exposed to bisphosphonates, but without prior radiation therapy to the

craniofacial region.7

Patients with ONJ may be asymptomatic and the diagnosis often is made by the

serendipitous discovery of exposed bone in the oral cavity during a regular dental

examination.35 If sites become secondarily infected or there is trauma to the soft tissue by

the sharp edges of exposed bone, symptoms such as pain, soft tissue swelling and infection,

loose teeth, and purulent drainage may develop. Atypical complaints may include numbness,

jaw heaviness, and dysesthesias. Less-specific signs and symptoms that could herald the

development of clinical osteonecrosis are sudden changes in the health of periodontal and

oral tissues, failure of oral mucosa to heal, undiagnosed oral pain, loose teeth, and soft tissue

infections.

In three published case series’24,25,36 that included at least 50 patients with ONJ, the

mandible was involved in 50% to 68% of the cases, the maxilla exclusively in 24% to 37%

of the patients, and both the mandible and the maxilla in 4% to 13% of the cases. Both the

mandible and the maxilla can be unilaterally or bilaterally involved.24 To our knowledge,

there is only a single report37 of bisphosphonate-related osteonecrosis involving a site

outside the oral cavity, which was in the auditory canal.

Diagnosis

The diagnosis of ONJ is primarily clinical, consisting of clinical signs and symptoms in

relation to treatment with bisphosphonates. Radiography, computed tomography, or

functional imaging such as bone scans are not necessary for diagnosis but may be used to

exclude other conditions such as cysts or impacted teeth, depending on the patient’s

symptoms.35

Two expert panels, one convened by the American Dental Association35 and another

multidisciplinary team of medical oncologists, hematologists, urologists, and stomatologists

from Spain,38 recommended that tissue biopsy should be performed only if metastatic

disease was suspected.

Management

Management strategies need to consider both prevention and treatment for this condition.

For patients with malignancy, pretreatment dental examinations are important. In a

retrospective survey of patients treated with zoledronate, Ripamonti et al.39 showed that a

dental examination and the application of preventive measures led to a sustained reduction
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in occurrence of ONJ from 7.8% to 1.7% (p = 0.016). Reducing bisphosphonate dose could

be a preventive measure in oncology practice, and early results suggest that administration

of intravenous bisphosphonate every 3 months is safer than monthly administration.40

Avoidance of invasive dental procedures is also an important preventive strategy. In

addition, recent research41 suggests that antibiotic prophylaxis before dental procedures in

patients with multiple myeloma treated with bisphosphonates may prevent the occurrence of

ONJ after dental procedures.

However, recent recommendations for managing the care of patients receiving oral

bisphosphonate therapy by the American Dental Association (ADA) Council on Scientific

Affairs42 indicated that risk of developing ONJ apparently remained low for patients

receiving oral bisphosphonates. Therefore, routine dental treatment should not be modified

solely because the patient is taking oral bisphosphonates. Furthermore, given the morbidity

and mortality associated with osteoporosis and the proven benefits of oral bisphosphonate

therapy, patients should not alter their use of these medications without first consulting their

physicians. In contrast to the American Society for Bone and Mineral Research (ASBMR)

guidelines,7 the ADA guidelines42 recommend that all patients who are prescribed oral

bisphosphonates should receive routine dental examinations before or during the early

portion of their bisphosphonate therapeutic regimen. Oral healthcare providers should be

informed if any problems develop in the oral cavity during oral bisphosphonate therapy.

The standard of care for the management of ONJ includes symptom palliation, treatment of

dental and periodontal infections, and conservative surgical intervention.7 Wide surgical

debridement is not recommended, although sharp bone edges and sequestra should be

removed to prevent trauma to soft tissues.7 Some investigators have advocated the use of

hyperbaric oxygen, but its efficacy appears doubtful.7 The value of stopping bisphosphonate

therapy remains unclear, given the long half-life of these compounds, although some experts

believe that it could help hasten healing.7 However, the optimal duration of bisphosphonate

discontinuation lacks any evidence at this time.

Recently, teriparatide was reported as an adjunctive treatment modality for ONJ.43,44

Teriparatide contains the 1–34 N-terminal amino acid residues of the human parathyroid

hormone and is approved for treatment of osteoporosis in men and postmenopausal

women.45 Unlike bisphosphonates, which are antiresorptive agents, teriparatide has anabolic

effects and promotes osteoblast differentiation and activity.45,46 The intermittent delivery of

parathyroid hormone leads to an early decrease of receptor activator of nuclear factor-kappa

B ligand mRNA and increase of osteoprotegerin mRNA,47 resulting in an increase in bone

formation. If indeed bisphosphonate-associated ONJ results from oversuppression of bone

turnover, teriparatide would seem to be beneficial by exerting its physiologic effect to

promote bone formation and anabolic activity against a background of the suppressed

turnover common to long-term bisphosphonate use. Recently, a prospective trial48 examined

the early anabolic effects of teriparatide in postmenopausal women with osteoporosis

previously treated with alendronate or risedronate. Bone turnover markers including N-

terminal propeptide (P1NP), bone-specific alkaline phosphatase activity (BAP), osteocalcin

(OC), serum C telopeptide (CTX), and N-telopeptide to urine creatinine ratio (NTX) were

measured at baseline, 0.5, 1–6, and 12 months. All bone turnover markers increased from
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baseline for both groups as early as 2 weeks after beginning teriparatide therapy. The results

from these studies support the hypothesis that administration of parathyroid hormone after

discontinued bisphosphonate treatment can stimulate bone formation and may help restore

the bone tissues in the oral cavity. However, there is no specific evidence for the benefit of

teriparatide therapy on the course of bisphosphonate-associated ONJ except for a few

anecdotal reports of benefit such as this one.

This review was based on a search of PubMed for English language papers published from

1966 to October 2008 using these keywords: osteonecrosis of jaw, bisphosphonate,

teriparatide, osteoporosis, malignancy, epidemiology, pathogenesis and treatment. In this

overview paper, we also present a patient with osteoporosis who was treated with

alendronate who developed ONJ following a surgical procedure. The necrotic bone showed

significant healing after treatment with teriparatide for four months.

Case report

A 63-year-old Caucasian male physician presented to a periodontist complaining of pain in

the maxillary right second premolar and maxillary left first premolar and requested

extraction of the symptomatic teeth and placement of dental implants. His medical history

was significant for osteoporosis and erosive osteoarthritis of the hands. He had a wrist

fracture at age 53 and also had several thoracic spine fractures. His medications included

calcium citrate, a multivitamin, and alendronate, which he had been taking orally for five

years. He also reported the following list of medications: esomeprazole, glucosamine,

chondroitin, atorvastatin, aspirin, and mirtazapine. He denied a history of glucocorticoid

exposure and did not use tobacco products or alcohol.

Fifteen months after the teeth were extracted, the patient underwent one- stage titanium

tooth implants placed at both sites (Figure 1A). Four days later, the patient returned,

complaining of pain in the area of the maxillary left canine. An assessment of the intraoral

radiograph revealed possible impingement of the adjacent maxillary left first premolar

implant body on the periodontal ligament of the maxillary left canine. The implant was

removed and a collagen plug was placed in the osteotomy site. One month later, the

maxillary left first premolar implant site had not healed and the surrounding tissue was

inflamed. The implant at the maxillary right second premolar site was asymptomatic, but

probing depths around it were 12 mm instead of the normal 2–3 mm. An evaluation of the

intraoral radiograph showed bone loss around the implant body (Figure 1B). Three weeks

later, the remaining implant was removed and the area thoroughly degranulated. Around the

implant, we noted advanced bone loss that extended through the buccal cortical plate to the

adjacent premolar tooth. During the procedure, the maxillary left first premolar implant was

also degranulated and specimens were sent for histopathologic examination. After

debridement, bone allografts were placed in both sites and covered with resorbable collagen

membranes. Chlorhexidine rinse was prescribed and utilized both before and after implant

removal.

The biopsy report stated that there was nonvital bone and focal inflammation at the implant

sites. With the patient’s lack of symptoms, the radiographic appearance, and the history of
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alendronate use, a clinical and pathologic diagnosis of bisphosphonate-associated ONJ was

made. The large amount of bone loss precluded the possibility of delayed healing, whereas

absence of pain and new hyperostosis made primary osteomyelitis unlikely.

The patient was referred to our rheumatology/osteoporosis clinic for further management.

The patient’s previous diagnosis of osteoporosis complicated by prior wrist and vertebral

fractures and the histopathologic evidence of bisphosphonate-associated ONJ were taken

into consideration and the patient was started on teriparatide 20 μg subcutaneously daily and

alendronate was discontinued. Four months after the teriparatide infusions were started, an

evaluation of the intraoral radiographs of the implant sites showed osseous regeneration with

increased bone density (Figure 1C). The patient is currently awaiting replacement of the

dental implants at these sites.

Discussion

In our patient, given the history of osteoporosis with multiple fragility fractures, the decision

was made to switch from alendronate to teriparatide. His alveolar bone showed significant

healing 4 months after the start of teriparatide treatment. Although bone healing may have

occurred with discontinuation of bisphosphonate therapy and surgery alone, based on our

patient, intermittent administration of teriparatide might be useful in the clinical setting of

osteoporosis and ONJ.

A critical evaluation of the current literature and on the published case reports shows that the

risk of developing ONJ as a result of oral bisphosphonate therapy is significantly lower

compared with the risk associated with intravenous bisphosphonate therapy in patients with

cancer.42 Multiple risk factors such as dental and periodontal disease, dental surgery, poor

dental hygiene, duration and type of bisphosphonate therapy, and underlying medical

conditions may also play a role. The diagnosis of ONJ is mostly based on clinical findings.

Although some experts recommend stopping bisphosphonate therapy in patients who

develop ONJ, there is insufficient evidence to support this practice. Our patient’s necrotic

bone showed significant healing 4 months after the start of teriparatide treatment. It is likely

that because of its anabolic effects on the bone, administration of this medication may be

useful in the clinical setting of osteoporosis and ONJ. Clinical trials are needed to test this

hypothesis.
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Figure 1.
(A) Maxillary right second premolar immediately after implant placement. (B) Failing

implant, maxillary right second premolar. Notice the radiolucent area around the metal. (C)

Healed implant site 8 months after implant removal and 4 months after teriparatide infusions

were started.
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