
CASE REPORT Russell B. Smith, MD, Section Editor

SUCCESSFUL TREATMENT OF ADVANCED
BISPHOSPHONATE-RELATED OSTEONECROSIS OF THE
MANDIBLE WITH ADJUNCTIVE TERIPARATIDE THERAPY

Jang-Jaer Lee, DDS, MS,1,2 Shih-Jung Cheng, DDS, MS,1,2 Jiiang-Huei Jeng, DDS, PhD,1,3

Chun-Pin Chiang, DDS, PhD,1,3 Hon-Ping Lau, MD,4 Sang-Heng Kok, DDS, PhD1,2

1Department of Dentistry, National Taiwan University Hospital, Taipei, Taiwan. E-mail: shkok@ntu.edu.tw
2Department of Dentistry, School of Dentistry, National Taiwan University College of Medicine, Taipei, Taiwan
3Graduate Institute of Clinical Dentistry, School of Dentistry, National Taiwan University College of Medicine, Taipei,
Taiwan

4Department of Anesthesiology, National Taiwan University Hospital, Taipei, Taiwan

Accepted 29 December 2009
Published online 22 March 2010 in Wiley Online Library (wileyonlinelibrary.com). DOI: 10.1002/hed.21380

Abstract: Background. The management of bisphospho-

nate-related osteonecrosis of the jaws (BRONJ) is challenging

and controversial. At present, there is no established medica-

tion treatment for the disease.

Methods. A 78-year-old osteoporotic woman with osteo-

necrosis of the mandible related to alendronate therapy was

referred for treatment. The disease was unresponsive to con-

servative therapy, including antibacterial mouth rinse, antibiot-

ics, and minor surgical debridement. Teriparatide, a human

recombinant pararthyroid hormone peptide 1–34, was then

used for treatment.

Results. The oral mucosa completely regrew, and pain

subsided 4 weeks after the initiation of teriparatide administra-

tion. Progressive bone regeneration was found during and af-

ter the 6-month period of teriparatide therapy.

Conclusion. Our case demonstrated that teriparatide can

be an important adjuvant in the management of advanced

BRONJ and should be considered prior to major resection

with reconstruction. Its true value in the treatment of BRONJ

for noncancer patients with osteoporosis warrants future

studies. VVC 2010 Wiley Periodicals, Inc. Head Neck 33:

1366–1371, 2011
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During the past decade, bisphosphonates have been
widely used for the treatment of bone resorption dis-
eases, such as osteopenia and osteoporosis, and bone
malignancies, such as multiple myeloma and metastatic
carcinomas.1,2 The mechanisms of action of bisphospho-
nates are not yet fully understood. They inhibit bone
resorption by means of direct effects on osteoclasts or
other bone cells. Bisphosphonates accumulate to sites of
active bone formation, making the sites more resistant
to dissolution by osteoclasts, and are internalized by

osteoclasts, in which they inhibit specific cell pathways,
modulate signaling from osteoblasts to osteoclasts, and
lead to osteoclast inactivation and apoptosis.1,2 How-
ever, osteoclasts are critically important in the inflam-
matory and remodeling phases of bone healing.3 Other
studies also revealed the antiangiogenic nature of
bisphosphonates, expressed by interference with endo-
thelial cell proliferation4 and capillary neoangiogene-
sis.5 The antiosteoclast and antiangiogenic activities,
together with the fact that bisphosphonates are not
metabolized, lead to the potential risk of avascular
osteonecrosis because of the decreased vascularity and
long-standing, continuous interference with bone turn-
over and remodeling.

Bisphosphonate-related osteonecrosis of the jaws
(BRONJ) was first reported by Marx6 in 2003, and
numerous cases were subsequently identified.7,8 This
severe complication occurs most frequently in
patients on intravenous zoledronate (Zometa; Norva-
tis Pharmaceutical, East Hanover, NJ) or pamidro-
nate (Aredia; Norvatis Pharmaceutical) treatment for
malignant diseases.7–9 However, reports of osteonec-
rosis occurred in long-term users of oral alendronate
(Fosamax; Merck, Whitehouse Station, NJ) have also
been published.8,10 The anatomic and physiologic fea-
tures of mandibular bone incur a higher risk of osteo-
necrosis, and BRONJ affects the mandible about
twice as often as it affects the maxilla.11 Many
authors have reported cases in which tooth extraction
was a precipitating event in the development of
BRONJ.7–9

Management of BRONJ is both challenging and con-
troversial. The current consensus is to treat patients
conservatively, in which treatment consists primarily of
antibiotics, analgesics, chlorhexidine mouth rinse,
maintenance of good oral hygiene, and superficial de-
bridement.7–9 However, even after treatment, a number
of patients still present with, or progress to, more severe
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bone necrosis. Although some authors found that hyper-
baric oxygen (HBO) was beneficial,12,13 other investiga-
tors reported a less successful result with HBO in
patients with BRONJ.14,15 In patients with advanced
and symptomatic mandibular osteonecrosis, bone resec-
tion followed by immediate reconstruction with a rigid
plate or bone and soft tissue grafts are often
required.16,17 Nevertheless, it is difficult to decide the
extent of resection because bisphosphonate is deposited
uniformly within the entire region of the jaws, and ne-
crotic bone may be present or develop later at the resec-
tion margin.18 In addition, aggressive mandibular
resection often results in extreme morbidity.

Teriparatide (Forteo; Eli Lilly, Indianapolis, IN) is
a synthetic polypeptide hormone that contains the 1–
34 amino acid fragment of recombinant human para-
thyroid hormone (rhPTH 1–34). Although PTH has
been generally considered catabolic in the mobiliza-
tion of calcium from bone, an intermittent low dose of
teriparatide has been shown to directly stimulate new
bone formation and produce rapid gains in bone mass
with improved microarchitecture. Teriparatide ther-
apy in osteoporotic patients increases mechanical
bone strength without impairing osteoclast function
and reduces the risk for both vertebral and nonverte-
bral fractures.19–21 In view of its anabolic effect to
bone, teriparatide may be beneficial for BRONJ, espe-
cially in osteoporotic patients with advanced mandib-
ular lesions because it may provide protection against
pathologic fractures.

The purpose of this report was to present our expe-
rience of using teriparatide to treat BRONJ, which
occurred after tooth extraction in an osteoporotic
patient. The rationale for treatment is discussed.

CASE REPORT

A 78-year-old Taiwanese woman was referred on June
5, 2008, for treatment of an unhealed tooth extraction
wound in the mandible. She had undergone extraction
of the mandibular right second molar 8 months earlier
because of high tooth mobility. Before tooth extraction
there was no obvious pain or soft tissue swelling in the
area, and a preoperative radiograph shows bone
destruction limited to the periodontal region (see Figure
1). After extraction, the wound was persistently painful.
Numbness, mucosal swelling, and multiple fistulas later
developed in that region. The symptoms did not improve
following incisional drainage, alveoloplasty, and surgical
debridement performed at other hospitals. The past
medical history was positive for coronary artery disease
S/P (status post) percutaneous transluminal coronary
angioplasty (PTCA) 6 years earlier, with regular use of
aspirin since then. She had been taking oral alendro-
nate 70 mg once weekly for 5 years to treat osteoporosis,
but 4 months before the referral an examination
revealed a low bone mineral density (total lumbar spine
BMD with quantitative dual-energy x-ray absorptiome-
try; T-score ¼ �2.8). She denied the use of any other
medication or having systemic diseases such as diabe-

tes. She had no history of cancer or previous irradiation
to the head and neck region, and she did not have the
habits of alcohol drinking and cigarette smoking.

On clinical examination, soft tissue swelling in
the right mandibular and submandibular region was
noted. The overlying skin was erythematous and ten-
der to palpation. There were no regional lymphadeno-
pathies. Jaw and tongue movements were normal.
Teeth posterior to the right lower lateral incisor were
missing. Over the edentulous ridge multiple fistulas
with purulent discharge were noted (Figure 2A). The
painful lesion was ulcerative, and an area of exposed
bone measuring approximately 10 � 5 mm was found
under the swollen tissues.

A panoramic x-ray taken on June 11, 2008,
showed a moth-eaten osteolytic lesion, measuring
about 3.5 � 1.5 cm, in the posterior edentulous ridge
of the right mandibular body (Figure 3A). A biopsy
was done on the same day and the report showed
chronic inflammation and sequestrum. Based on the
medical history and both clinical and radiographic
findings, the diagnosis of stage 2 BRONJ was made.8

After discussion with the family physician, oral alen-
dronate therapy was discontinued and conservative
treatment including 0.12% chlorhexidine rinses and a
3-week course of amoxicillin 500 mg (every 8 hours)
was started. The symptom did not improve after con-
servative therapy. A panoramic x-ray taken on Au-
gust 18, 2008, showed progressive bone destruction
extending below the mandibular canal with apparent
sequestration (Figure 3B). Therefore, the patient was
scheduled to receive surgical debridement and seques-
trectomy under general anesthesia on August 19,
2008. For fear of pathologic fracture, only limited de-
bridement was performed and 2 pieces of sequestrum
were removed (Figure 2B). Postoperative antibiotic

FIGURE 1. The periapical radiograph of mandibular right sec-

ond molar taken before extraction showing bone destruction

limited to the periodontal region.
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therapy was given for 2 weeks, although the wound
was not healed well, and painful bone exposure per-
sisted (Figure 2C).

At a recall on September 30, 2008, the patient com-
plained of pain at the right mandibular body during
chewing. Swelling, erythema, and tenderness of the
skin overlying the right mandibular body were also
noted (Figure 2D). However, the occlusion and man-
dibular movement were grossly normal. Panoramic ra-
diography disclosed bone destruction close to the
mandibular border (Figure 3C). To prevent disease
progression and pathologic fracture of the mandible,
daily subcutaneous injection of 20 lg teriparatide, as
usually recommended for treatment of osteoporosis,
was initiated on October 7, 2008. During the course of

teriparatide therapy, daily mouth rinse with chlorhexi-
dine was continued but antibiotics were not used. Af-
ter a 4-week treatment with teriparatide, pain in the
right mandible disappeared, and the exposed bone was
covered by soft tissues (Figure 2E). A panoramic film
taken on November 12, 2008, showed evidence of bone
regeneration (Figure 3D). Six months after the initia-
tion of teriparatide therapy the intraoral wound was
completely healed (Figure 2F), and panoramic radiog-
raphy demonstrated continuous bone regeneration
(Figure 3E); therefore, administration of teriparatide
was discontinued. Seven months after the cessation of
teriparatide, the intraoral condition remained stable,
and progressive bone regeneration was noted on pano-
ramic film (Figure 3F). Moreover, the T-score of total

FIGURE 2. Clinical pictures of the patient. (A) Multiple fistulas with purulent discharge over the right mandibular ridge on initial exami-

nation. (B) Sequestra and infected tissues removed by superficial debridement. (C) Unhealed surgical wound 2 weeks after debride-

ment. (D) Swelling and erythema of the skin overlying right mandibular body 6 weeks after surgical debridement. (E) Intraoral wound

covered by soft tissues 4 weeks after the initiation of teriparatide treatment. (F) Completely healed intraoral wound after a 6-month

course of teriparatide therapy. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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lumbar spine BMD with quantitative dual-energy x-
ray absorptiometry increased to �2.2.

DISCUSSION

Alendronate is among the most widely prescribed
drugs in the market for patients with postmenopausal
osteoporosis.7 Although the incidence of BRONJ
related to oral alendronate was significantly lower
than that reported for intravenous pamidronate or
zoledronate in patients with cancer, the alendronate-
related problem cannot be neglected in view of the
large number of patients who take the drug.

The current treatment strategies recommended
for stage 1 and stage 2 BRONJ, including antibacte-
rial mouth rinse, oral antibiotics, and superficial de-
bridement,7–9 are somewhat passive in nature. In our
patient, conservative therapy failed to alleviate the
symptoms and bone destruction. HBO therapy may
hold some promise,12,13 although its exact role in the

management of BRONJ is still controversial.14,15

Gradual improvement of BRONJ has been reported in
some cases after the discontinuation of oral
bisphosphonate.10,11 However, since alendronate has a
bone half-life of 10.9 years, and bone turnover
markers remain reduced for up to 5 years after
patients abstain from alendronate therapy,2 the short-
term benefit of its discontinuation on BRONJ man-
agement is unpredictable.11 Cessation of alendronate
therapy did not help to arrest the disease in our
patient. The lesion became aggravated in the 2 to 3
months following drug discontinuation, and extended
close to the mandibular border, increasing the risk of
pathologic fracture. At this stage, mandibulectomy
followed by complex reconstructive procedures might
be needed. Because surgical resection does not guar-
antee the eradication of necrotic bone9 and is associ-
ated with significant morbidity, other treatment
options were sought.

FIGURE 3. Panoramic radiographs of the patient. (A) A moth-eaten osteolytic lesion measuring about 3.5 � 1.5 cm in the posterior

edentulous ridge of right mandibular body on initial examination. (B) Progressive bone destruction after 9 weeks of conservative ther-

apy. (C) Bone destruction extended close to the mandibular border 6 weeks after surgical debridement. (D) Subtle bone regeneration

5 weeks after the initiation of teriparatide treatment. (E) Remarkable bone regeneration after a 6-month course of teriparatide therapy.

(F) Continued bone consolidation 7 months after the cessation of teriparatide.
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In addition to the effects on fracture preven-
tion,19–21 teriparatide has also been shown to acceler-
ate healing of vertebral and long bone fractures.22,23 A
previous study showed that intermittent administration of
teriparatide increased new bone formation and mechanical
strength of tibial fractures in rats.22 Although the anatomic
characteristics of themandible differ from those of the prox-
imal metaphysis of the tibia, similar results have been
found for the mandible. Intermittent administration of teri-
paratide has therapeutic effects for restoration of osseous
tissues in the oral cavity in aged ovariectomized rats.24 It
also stimulates bone formation in the mandibles of aged
ovariectomized rats, similar to that observed in long
bones.25

Importantly, teriparatide is able to reverse the
antiresorptive effect of bisphosphonates. In an in
vitro study, it was shown that viable osteoblastic cells
grown from alveolar bone of chronic bisphosphonate
users had PTH responses similar to those of normal
osteoblastic cells in terms of alkaline phosphatase ac-
tivity, cell proliferation, and viability.26 Teriparatide
indirectly increases the metabolic activity and num-
ber of osteoclasts by affecting osteoblast function.27

The results of in vivo studies are consistent with the
in vitro findings. Ma and colleagues28 demonstrated
that before treatment with teriparatide, alendronate
strongly suppressed activation frequency and bone
formation rate in the proximal tibia metaphysis in
ovariectomized rats. After 2 months of teriparatide
administration, there was an increase in mineral
apposition and bone formation.28 Suppression of bone
turnover by bisphosphonates is associated with
increased bone microdamage.29 Teriparatide reduces
microdamage accumulation in the iliac crest of
patients previously treated with alendronate.30

Results from these studies provide a rationale for the
clinical use of teriparatide in BRONJ treatment.

Although it is well approved that teriparatide can
effectively enhance bone regeneration and counteract
the antiosteoclast effect of bisphosphonates, its role in
the management of BRONJ has seldom been men-
tioned. Harper and Fung31 reported a case of
bisphosphonate-related osteonecrosis of the mandible
in a 75-year-old female user of oral alendronate. After
7 months of conservative therapy, painful ulcerations
with bone exposure persisted on the alveolar ridge.
Teriparatide therapy was thus initiated, and superfi-
cial sequestrectomy was performed 3 months later. Af-
ter a 10-month course of teriparatide, the patient
presented with normal mucosa, and panoramic x-ray
showed healed extraction sites. Nevertheless, in that
case the therapeutic effect of teriparatide was not defi-
nite. The ulcerative lesion was superficial, and no radi-
ographic bone destruction was demonstrated before
treatment. Moreover, sequestrectomy was done in
addition to the hormone therapy. In contrast, in our
patient the osteonecrotic lesion was large and contin-
ued to progress even after conservative sequestrec-
tomy. After a 4-week treatment with teriparatide, pain

disappeared and the alveolar ridge began to heal.
Although a number of interventions were performed in
a relatively narrow time frame, teriparatide was likely
to play a certain role in the remission of osteonecrosis,
considering the dramatic bone regeneration observed
after a 6-month course of teriparatide without further
surgery and antibiotics. In addition, the drug is an
effective replacement of alendronate for the treatment
of osteoporosis.

Teriparatide (20 lg daily subcutaneous injection)
is usually taken for a period of 18 to 24 months for
the treatment of osteoporosis,21,32 but the optimum
duration and the dosage of teriparatide therapy for
BRONJ are unknown. In the case reported by Harper
and Fung,31 a 2-year course of treatment was recom-
mended, and the lesion was resolved after 10 months
of drug administration. In the present report, clinical
improvement was noted 1 month after the initiation
of treatment, and complete resolution of osteonecrosis
was observed after a 6-month course of teriparatide
therapy.

It should be pointed out that teriparatide is not
recommended for patients with hypercalcemic disor-
der, osteosarcoma, metastatic bone disease, Paget’s
disease of bone, pregnancy, and radiation therapy to
the skeleton or to soft tissue in which a skeletal port
is exposed.32,33 Furthermore, patients with severe re-
nal or hepatic impairment should not receive teri-
paratide.32,33 However, adverse events associated
with the drug were usually mild in patients without
these contraindications, and teriparatide therapy is
generally well tolerated.20

In conclusion, teriparatide can be an important ad-
juvant to other measures in the management of
BRONJ, and it should be considered prior to major
resection with reconstruction. Its exact role in the
treatment of BRONJ for noncancer patients with
osteoporosis warrants future studies.
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