
Bisphosphonates are used widely in the management of
bone diseases including osteoporosis, Paget’s disease
and hypercalcemia related to malignancy. Bisphospho-

nates inhibit osteoclasts, the cells responsible for bone
demineralization. They have also been shown to inhibit
tumour cell proliferation and inhibit angiogenesis.1–7 These
added features have made bisphosphonates useful in the
management of bone metastases. Several clinical trials have
shown that bisphosphonates reduce skeletal tumour burden in
patients with multiple myeloma, breast cancer and prostate
cancer,8–10 leading to an increase in the use of bisphosphonates
in the management of metastatic disease.

Recently, it has been reported that bisphosphonates are
capable of causing osteonecrosis of the jaws.11,12 Although this
previously unrecognized complication is seen predominantly
with the nitrogen-containing bisphosphonates, pamidronate
and zoledronate, it has also been reported in patients taking
non-nitrogen–containing bisphosphonates, alendronate and

risedronate.12 The former are indicated for the management 
of hypercalcemia of malignancy and are administered intra-
venously, whereas the latter are used in the management of
osteoporosis and Paget’s disease and are given orally. We were
interested to learn of this complication, as we were recently
involved in the management of a patient with a history 
of long-term bisphosphonate therapy presenting with
osteonecrosis of the maxilla following routine dental extrac-
tions. We report on our experience in the management of this
patient to make others aware of this potential complication.

Case Report
A 72-year-old woman was referred to us for treatment of a

nonhealing extraction socket in the upper left maxilla follow-
ing surgical extraction of her first molar 16 months earlier. Her
past medical history included metastatic breast cancer, Parkin-
son’s disease and hypertension. In addition to zoledronate, her
medications included capecitabine, trastuzumab, levodopa and
metoprolol.
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S o m m a i r e
Les biphosphonates, qui inhibent les ostéoclastes, allègent un grand nombre des conséquences dévastatrices de 
la maladie osseuse métastatique. Toutefois, ils peuvent jouer un rôle dans l’apparition de l’ostéonécrose des 
mâchoires. Nous faisons rapport sur notre expérience dans la prise en charge d’un patient ayant déjà été traité avec
les biphosphonates et ayant présenté une ostéonécrose des mâchoires après une extraction dentaire, afin de mettre
les autres professionnels, en particulier la grande collectivité des dentistes, au courant de cette complication
éventuelle. Nous examinons aussi les propriétés pharmacologiques des biphosphonates et le rôle qu’ils peuvent
jouer dans la physiopathologie de l’ostéonécrose. D’ici à ce qu’on en sache davantage sur le rôle des biphospho-
nates dans l’apparition de l’ostéonécrose des mâchoires, nous recommandons que des mesures soient prises pour
prévenir l’ostéonécrose chez les personnes exposées au risque de la contracter, y compris, lorsque c’est faisable,
une consultation avec un dentiste avant l’instauration du traitement avec les biphosphonates.
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Repeated attempts by the referring surgeon to close the
extraction socket had been unsuccessful. At the time of presen-
tation to our clinic, the woman had developed an oroantral
communication and reported a foul-smelling discharge from
the surgical site, but no pain for the past 3 months. On exami-
nation, we found bony exposure of the maxillary alveolus, and
the surrounding soft tissues were erythematous and edematous
(Fig. 1). In addition, the upper left premolars exhibited signif-
icant mobility. Computed tomography revealed that the poste-
rior wall of the left maxillary sinus was perforated and the sinus
lining appeared thickened (Fig. 2). We were of the opinion
that the oroantral communication had failed to heal due to the
presence of underlying necrotic bone. 

We decided to debride the site surgically. A mucoperiosteal
flap was raised to allow access to the left maxilla; necrotic bone
and overlying granulation tissue were removed and submitted
for pathologic evaluation. The upper left first premolar was
extracted, as it was retained within necrotic bone. Interestingly,
the upper left second premolar had spontaneously exfoliated in
the time between our initial consultation and the surgery.
Following debridement of the necrotic bone and removal of
granulation tissue, the surgical site was closed with resorbable
sutures and allowed to heal by secondary intention. No
attempt was made to close the oroantral communication.

The pathology report indicated that the surgical specimen
exhibited osteonecrosis, with evidence of filamentous bacteria
consistent with an actinomycotic osteomyelitis (Fig. 3).
Whether this represents a true primary actinomycotic infec-
tion or superinfection of necrotic bone with Actinomyces is
debatable. At postoperative visits over 6 months, the soft
tissues surrounding the surgical site were no longer erythema-
tous or edematous but the oroantral communication persists,
albeit less conspicuously.

Discussion
Studies have shown that in addition to osteoclast inhibi-

tion, bisphosphonates, particularly the more potent nitrogen-
containing bisphosphonates, also inhibit bone metastases and
reduce skeletal tumour burden.13 Although bisphosphonates
vary in their potency, they share the ability to persist in bone
for a prolonged period as they are not metabolized apprecia-
bly.14 One study,15 which examined the pharmacokinetic

properties of bisphosphonates, reported that they persist for up
to 12 years once they have been taken up in human bones.
This may prove problematic in the management of complica-
tions related to bisphosphonates and implies that the potential
for bisphosphonate-related osteonecrosis to develop may
remain for several years even in those who have discontinued
the drug.

Bisphosphonates have also been shown to inhibit prolifera-
tion in a variety of human tumour cells in vitro, including
breast, myeloma, melanoma and prostate cell lines.1–5 In an
attempt to improve understanding of the anti-tumour proper-
ties of bisphosphonates, investigators have examined the
effects of these drugs on intracellular signalling pathways and
shown that they are capable of inducing apoptosis.4 Inducing
apoptosis would lead directly to a decrease in the number of
tumour cells as well as nontumour cells as this is a ubiquitous
cellular process. 

Bisphosphonates also exhibit antiangiogenic properties.6,7

This is believed to be important in reducing tumour burden by
depriving tumour cells of adequate nutrient and blood supply.
Overall, it appears that bisphosphonates alter the bone
microenvironment making it less favourable for tumour cell
colonization. Unfortunately, these changes also alter the
normal homeostatic mechanisms of bone and presumably
make it less favourable for normal bone cells.

Recently, bisphosphonates have been associated with
increased risk for the development of osteonecrosis.11

Although the precise role of bisphosphonates remains to be
determined, the alteration in bone homeostasis coupled with
odontogenic or surgical insult, or both, may be key to the
development of osteonecrosis of the jaws.11,12 This is
supported by the observation that tooth extraction is a
frequent precipitating event.11,12 In our patient, tooth extrac-
tion was also the precipitating event in the development of
osteonecrosis. However, lesions consistent with osteonecrosis
have also been reported to occur spontaneously in the jaws.12

An earlier case report16 identified etidronate, a bisphospho-
nate once used in the management of osteoporosis, as the cause
of medication-induced dental implant failure. It described the
failure of 5 successfully restored dental implants approximately
6 months after the patient began receiving etidronate.
Although the authors correctly point out that additional
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Figure 3: Photomicrograph of surgical
specimen showing necrotic bone with
numerous inflammatory cells and clusters of
filamentous bacteria [hematoxylin and eosin
stain, original magnification ×100].

Figure 1: Pre-operative intraoral photograph
showing exposed necrotic bone in upper left
maxilla.

Figure 2: Axial computed tomography scan
showing perforation of posterior wall and
opacification of left maxillary sinus.



factors, including the development of a parafunctional habit,
may have contributed to the implant failure, they recom-
mended that dental implants not be placed in patients 
receiving bisphosphonate therapy and advised against bispho-
sphonate therapy in patients with existing dental implants.
To our knowledge, no additional reports have addressed the
effects of bisphosphonate therapy on dental implants in vivo.
It has been suggested that bisphosphonates, with their 
antiresorptive properties, might one day be employed to 
facilitate implant osseointegration, but data to support this are
lacking.17 Thus, until more information is available regarding
the role of bisphosphonates in the outcome of dental implants,
it seems reasonable to adhere to the recommendations
outlined above.

It is also interesting to note that certain similarities exist
in the clinical presentation of bisphosphonate-related
osteonecrosis and osteoradionecrosis. We speculate that there
may be similarities in the underlying pathophysiology of 
these conditions. In osteoradionecrosis, radiation leads to
homeostatic alteration of bone metabolism characterized by
hypocellular, hypovascular and hypoxic changes that predis-
pose the mandible to necrosis.18 The necrotic bone is 
susceptible to and often secondarily infected in patients with
osteoradionecrosis. In addition, the risk of developing lesions
persists for the lifetime of the irradiated patient. We believe
that in bisphosphonate-related osteonecrosis, bisphosphonates
alter bone homeostasis sufficiently that the ability of bone to
heal after minor insults is compromised. Under certain condi-
tions the bone may also become secondarily infected and
sequestrate, leading to a lesion that appears clinically similar to
osteoradionecrosis.

Although much remains to be learned about the complex
interactions by which bisphosphonates exert their effects, it
seems prudent to make health care professionals and patients
aware of the potential risk. Novartis, the manufacturer of
Aredia (pamidronate) and Zometa (zolendronic acid), recently
added osteonecrosis of the jaws to the precautions section of
their product monographs. Novartis also recommends that
patients receiving either pamidronate or zolendronic acid
should avoid invasive dental surgery.It is not clear at this time
whether discontinuing bisphosphonates would significantly
alter the risk or course of osteonecrosis of the jaws.

We are currently collaborating with oncologist colleagues
to identify strategies to improve the care of patients at our
hospital. However, until more is known about the role of
bisphosphonates in the development of osteonecrosis of the
jaws, we recommend that measures be taken to prevent
osteonecrosis in those at risk. This includes adopting appro-
priate preventive dentistry with control of dental caries and
periodontal disease, avoiding dental implant placement and
using soft liners on dentures. Similar to protocols in place at
many institutions for preventing osteoradionecrosis in patients
about to receive radiation treatment of the head and neck, we
recommend that a thorough dental examination and necessary
tooth extractions with time for healing be performed before
commencing intravenous bisphosphonate therapy. 

In addition, because dental surgery seems to be a precipitat-
ing event in the development of most cases of bisphosphonate-
related osteonecrosis, it seems appropriate to recommend
alternatives to tooth extraction for patients with a history of
receiving either pamidronate or zolendronic acid. If alterna-
tives to tooth extraction are not possible, the patient should be
made aware of the potential risk of osteonecrosis and the
surgeon should be prepared to assist the patient should it
develop. 

Unfortunately, there are insufficient data to guide unequiv-
ocally the management of patients who have developed
bisphosphonate-related osteonecrosis. Until such a time, we
recommend that efforts be focused on preventing the progres-
sion of lesions and limiting complications related to infection.
To achieve this, background antibiotic coverage with
penicillin-type antibiotics or a suitable alternative, such as
doxycycline in penicillin-allergic patients, daily rinsing with
0.12% chlorhexidine mouthwash and conservative debride-
ment of sequestrating bone should be considered. C
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