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EDUCATIONAL OBJECTIVE: To clarify what is known about a possible association between the use
of bisphosphonate drugs and the development of osteonecrosis of the jaw
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Bisphosphonates and osteonecrosis
of the jaw: Innocent association
or significant risk?
■ ■ABSTRACT
Published case series and systematic reviews have
documented an association between bisphosphonates
and osteonecrosis of the jaw. However, a cause-andeffect relationship has not been established, and most
of the reported cases have been in patients with cancer
who were receiving much higher doses than those used
to treat osteoporosis or Paget disease of bone. The risk,
if any, to patients with these latter conditions receiving
these drugs appears to be very small.

■ ■key points
Recently published data do not support the hypothesis
that these drugs cause osteonecrosis of the jaw.
There is no evidence to support routine dental examinations for all patients before starting bisphosphonate
therapy for osteoporosis or Paget disease, but heightened concern seems warranted for cancer patients.
Clinical experience suggests that dental work by experienced dentists and surgeons can be carried out safely
with very little risk to patients taking bisphosphonates.
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ecent case reports have linked bisphos
R
phonate drugs to osteonecrosis of the jaw,
and these reports have been widely publicized.

Many patients receiving these drugs are asking
their dentists and doctors whether the drugs
do more harm than good, and some have even
stopped taking them against medical advice.
Health care professionals may be unsure what
to tell patients and may be fearful of litigation.
However, most of the cases reported were in
cancer patients, who are at significantly higher
risk of osteonecrosis of the jaw for several rea
sons, and who receive much higher doses of
bisphosphonates than do patients with osteo
porosis or Paget disease of bone.
Moreover, although case reports have
clearly documented an association between
these drugs and osteonecrosis of the jaw, there
is a lack of robust scientific evidence to support
a cause-and-effect relationship. In fact, wellcontrolled clinical studies have not shown an
increased risk of this complication in patients
with osteoporosis or Paget disease of bone who
were exposed to these agents, nor have they
elucidated definite pathogenic mechanisms by
which it might occur.
For these reasons, we believe that patients
with osteoporosis should be advised of:
• Their risk of fracture
• The significant risk of morbidity and death
following such a fracture
• The effectiveness and excellent safety of bis
phosphonate therapy in preventing fractures
• The evidence that such therapy for osteo
porosis and Paget disease poses little or no
risk of osteonecrosis of the jaw

CL EVEL AND CL I NI C J O URNAL O F M E DI CI NE    V O L UM E 75 • NUM BE R 12   DE CE M BE R 2008

871

BISPHOSPHONATES AND OSTEONECROSIS

• The need for further research.
■■ WHAT IS
OSTEONECROSIS OF THE JAW?
Osteonecrosis—a general loss of bone tissue
as a result of cell death1—can occur at any
skeletal site, but it typically involves the long
bones, ie, the femur, tibia, and humerus.
Osteonecrosis of the jaw is a rare disorder
characterized by exposure and loss of bone in
the maxillofacial complex. It can result in sig
nificant morbidity and can be resistant or re
fractory to conventional therapy.
This condition is not new, having been
described in 19th century factory workers ex
posed to white phosphorus used in matchstick
manufacturing. Known then as “phossy jaw,” it
was associated with poor dentition and often
resulted in severe disfigurement, disease, and
death. Use of white phosphorus, and matches
containing it, were subsequently banned in
many countries.2
In the early 20th century, radiation thera
py for cancers of the head and neck area came
into vogue, but its side effects included dam
age to the skeleton, or osteoradionecrosis.3 In
Many patients 1950, LaDow4 described a case of osteoradionecrosis of the jaw and reviewed the litera
are asking
ture available at that time. He concluded that
whether the
there were three main causes of osteonecrosis
drugs do more of the jaw, namely, radiation therapy, trauma,
infection.
harm than good andAlthough
many such cases have since
been reported in association with radia
tion therapy, chemotherapy, or both, and
involvement of other skeletal sites is well
described,5–8 the actual incidence of osteo
radionecrosis in the general population re
mains unclear because no large epidemio
logic studies to elucidate accurate numbers
have been published.
■■ BISPHOSPHONATE-ASSOCIATED
OSTEONECROSIS OF THE JAW
Bisphosphonate-associated osteonecrosis of
the jaw is a relatively new condition, hav
ing been first reported in three case series9–11
published in 2003 and 2004. The patients had
exposure of areas of alveolar bone, mostly after
oral surgery, eg, mucogingival flap elevation
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procedures (such as tooth extraction), that
did not respond or were refractory to conven
tional treatment. All had received a bisphos
phonate drug.
After these articles were published, the
number of reported cases rose dramatically, in
cluding a case presented by one of us.12 By the
end of January 2008, more than 500 papers on
this condition were listed in PubMed. More
than 60% had been printed since 2003, and
approximately 85% concerned the association
between osteonecrosis of the jaw and bispho
sphonate use (search terms: “osteonecrosis of
the jaw” and “bisphosphonate”).13
Although some dentists and oral surgeons
claim to have seen many patients with this
disorder, physicians who specialize in osteopo
rosis and metabolic bone disease do not. The
medical literature and popular press have sug
gested that bisphosphonates are the cause of
this malady. However, such articles are more
perspective than evidence, as they are not
scientific studies but rather reports of cases or
series, or reviews of these. High-impact jour
nals have given such articles prominent po
sitions, highlighting the issue further, rather
than balancing what is known and what is not
known.
Thus, medicine safety boards, physicians,
dentists, and oral surgeons have become in
creasingly concerned about the possible risk
of this disorder in their patients on long-term
bisphosphonate therapy, prompting organiza
tions to issue management guidelines for this
disorder and regulatory bodies to mandate
warning labels on all drugs in this class about
the possible risk.14–18 Funding agencies have
highlighted this as an area in need of further
investigation.17
However, robust evidence of a causal rela
tionship is lacking. Contributing to the prob
lem, other disorders can have similar presen
tations.
As a result, the diagnosis requires a dental
examination and dental imaging, which are
often impossible or impractical in a medical
setting. Well-designed studies have relied on
blinded panels of dental specialists using clini
cal and imaging data to adjudicate cases as os
teonecrosis of the jaw before including them
in published reports; case reports, however,
often do not.
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TABLE1

Differential diagnosis of osteonecrosis of the jaw
condition

etiology

signs and symptoms

Alveolar osteitis
(dry socket)

Partial or total loss of blood clot
in extraction site

Area of exposed bone around extraction socket
Pain, often radiating through side of head and ear
Foul odor

Gingivitis

Soft-tissue inflammation in response
to plaque bacteria, biofilm

Gingival inflammation (red, swollen, rounded margins;
bleeding upon manipulation)

Periodontitis

Loss of attachment (periodontal
ligament, alveolar bone, cementum) as
a host-modulated immune response to
plaque bacteria, biofilm

Gingival inflammation
Radiographic evidence of alveolar bone loss
Foul odor

Periapical
pathology

Pulpal-periapical response
to infection of the dental pulp
(eg, caused by caries)

Possible gingival inflammation, gingival sinus tract
Radiographic evidence of periapical lesion

Osteonecrosis

Unclear

Variable signs and symptoms may include some or all
of the following: pain, swelling, paresthesia, suppuration,
soft-tissue ulceration, intraoral or extraoral sinus tracts,
loosening of teeth, radiographic variability

■■ HOW IS OSTEONECROSIS OF THE JAW
DIAGNOSED AND MANAGED?
A working definition of osteonecrosis of the
jaw has recently emerged, and it will likely
continue to evolve as results of further inves
tigation become available.
A confirmed case is defined as an area of
exposed bone in the maxillofacial region that
does not heal within 8 weeks after being iden
tified by a health care provider, in a patient
who is currently receiving or has been exposed
to a bisphosphonate and who has not had ra
diation therapy to the craniofacial region.14,17
This 8-week duration is consistent with the
time frame in which soft tissue would be ex
pected to close and exposed bone would be ex
pected to heal under normal conditions after
oral surgery such as dental extraction or a flap
elevation procedure.
The working definition is one of inclusion
and exclusion because the clinical presenta
tion of osteonecrosis of the jaw is very similar
to that of other diseases (TABLE 1).14,17 It is im
portant for health professionals to understand
this, since patients who have established os

teonecrosis of the jaw or who are deemed to be
at risk of it can also present with these other
common clinical conditions that should not
be confused with it.
Patients may have no symptoms at the
time of presentation. However, symptoms
can include oral or jaw pain, difficulty chew
ing, evidence of infection, and dental loss.
Bone loss is often apparent radiographically,
and it may be focal or generalized. Other im
aging studies such as cone beam computed
tomography provide greater detail on the ex
tent and nature of the lesions, and thus pro
vide a better assessment.
Histologically, there is evidence of ne
crosis, cell death, and, usually, concomitant
infection.9–12,17

Established
osteonecrosis
of the jaw can
be difficult
to treat and
refractory to
usual therapies

Management can be difficult
Osteonecrosis of the jaw can be difficult to
manage, and extensive guidelines have been
published.14–17 Its treatment is complicated be
cause resection of the necrotic area often only
makes the necrotic area bigger. Unlike in osteora
dionecrosis, surgical removal of the affected area
often results in necrosis at the margins of resected
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TABLE 2

Recommended treatments for osteonecrosis of the jaw, by stage
stage

description

treatments

Stage 1

Exposed bone that is asymptomatic with no evidence
of any significant adjacent or regional soft tissue
inflammatory swelling or infection

Antibacterial rinse: chlorhexidine digluconate
Clinical follow-up
Patient education
Symptomatic therapy

Stage 2

Exposed bone with associated pain, adjacent or regional
soft-tissue swelling or secondary infection

Symptomatic treatment
Pain control
Superficial debridement
Antibiotics (eg, penicillins, clindamycin),
depending on laboratory culture results

Stage 3

Exposed bone associated with adjacent or regional
soft-tissue inflammatory swelling or secondary infection
and the presence of an extraoral cutaneous fistula or
pathologic fracture

Antibacterial rinse
Antibiotic therapy
Pain control
Surgical debridement
Currently under investigation:
Hyperbaric oxygen chamber dives
Surgical bone-grafting, bone stimulation agents and
growth factors, tissue-engineering
Parathyroid hormone preparations

adapted from advisory task force on bisphosphonate-related osteonecrosis of the jaws, american association of oral and maxillofacial surgeons.
american association of oral maxillofacial surgeons position paper on bisphosphonate-related osteonecrosis of the jaws.
j oral maxillofac surg 2007; 65:369–376, with permission from elsevier.

bone. This creates a potential situation of “chas
ing” affected bone in procedure after procedure,
which results in significant morbidity.
Staging guidelines provide a framework for
treatment (TABLE 2).14,16 Some case studies sug
gest that mucoperiosteal flap elevation proce
dures such as bone grafting, the use of bone
morphogenic proteins, and alveolar bone
decortication can succeed, but no randomized,
placebo-controlled trials have been conduct
ed.19 Treatment with analgesics, antibiotics,
surgery, and hyperbarbic oxygen may also be
beneficial. Most authors have concluded that
prevention is the ideal approach.14–20
A preventive protocol for cancer patients
Most of the cases reported so far have been
in cancer patients receiving long-term treat
ment with potent bisphosphonates in high
intravenous doses (12 times the usual dose for
osteoporosis) after a mucoperiosteal flap ele
vation dental procedure (many of which were
performed on an emergency basis).9–12,14–20 Au
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thors have thus concluded that a preventive
protocol should be followed for all patients be
ing considered for intensive bisphosphonate
treatment, similar to that adopted for patients
receiving head and neck radiation.
Specifically, all chronic dental and periodontal conditions should be identified and
stabilized before starting intensive bisphos
phonate therapy. Experts today believe that
controlling all chronic dental problems before
starting intensive intravenous bisphosphonate
therapy may be the best method to avoid den
tal surgery after bisphosphonate therapy has
begun, particularly since the washout period
(time to elimination of the drug) for bisphos
phonates in alveolar bone is unknown.14–20
Although authors seem to agree that such
a preventive protocol is prudent for intensive
intravenous therapy, it does not appear to be
necessary for patients without cancer.14,17 In
deed, such an approach is impractical, given
the huge numbers involved and the lack of
evidence to support it.
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■■ WHAT ARE BISPHOSPHONATES,
AND WHY THE CONCERN?
Bisphosphonates are analogues of pyrophos
phates, inorganic compounds developed to
remove calcium carbonate from water in
industrial pipes and laundry machines. Py
rophosphate use in humans arose from their
affinity for calcium phosphate, which proved
beneficial in scintigraphic imaging studies and
in preventing tartar build-up, resulting in their
incorporation into toothpastes. Modifications
of the pyrophosphate molecule led to the de
velopment of diphosphonate compounds (lat
er known as bisphosphonates), which have
gained widespread use in treating a variety of
disorders of the skeleton and of calcium me
tabolism.
These drugs prevent bone resorption by
selectively inhibiting osteoclastic activity
through several mechanisms (depending on
the compound), thus helping prevent bone
loss, bone pain, and hypercalcemia in diseases
of the skeleton.
Bisphosphonates are widely used
Today, oral and intravenous bisphosphonates
are widely prescribed for several skeletal disor
ders, including metastatic disease, malignant
hypercalcemia, Paget disease of bone, and pre
vention and treatment of osteoporosis.21–23
More than 10 million Americans and
more than 200 million people worldwide may
have osteoporosis, which results in more than
1 million fractures each year. The lifetime risk
of fracture for a postmenopausal white woman
today is approximately 40% (approximately
15% for a 50-year-old man), and her annual
risk of fracture is greater than her combined
risk of stroke, heart attack, and breast cancer.22
Several bisphosphonates have been shown to
safely and significantly reduce the risk of frac
ture in patients with osteoporosis and to be ef
fective therapies for Paget disease of bone.24–31
Bisphosphonates are the most widely pre
scribed drugs for osteoporosis,22,23,29 with almost
200 million prescriptions for oral bisphos
phonates worldwide. As of 2004, exposure to
alendronate (Fosamax) was estimated to be
about 20 million patient-years.32 Noncompli
ance limits their effectiveness in practice, due
in part to concerns about adverse effects.
Since bisphosphonates are so widely pre

scribed, concern has been raised that they may
be causing a new epidemic of osteonecrosis of
the jaw.9 However, most reported cases have
been in cancer patients, who are known to be
at increased risk of this condition and who re
ceive doses of bisphosphonates up to 12 times
higher than in patients with osteoporosis or
Paget disease of bone.9–12,33–38
The optimal duration of bisphosphonate
therapy for these diseases to obtain the maxi
mum benefit and minimize cost and harm re
mains unclear. Although a recent report sug
gests a bisphosphonate “drug holiday” may
be an option when treating postmenopausal
osteoporosis, larger, more robust studies of
longer duration are needed.39 Outcomes of os
teonecrosis of the jaw related to drug holidays
have not been investigated.
■■ ‘IF I TAKE THIS TO STOP BONE LOSS,
WILL IT HURT MY JAWS?’
The recently described association between
bisphosphonates and osteonecrosis of the jaw
has received considerable attention. Guide
lines have been drawn up, some based on
the assumption that bisphosphonates cause
the osteonecrosis, but not based on scien
tific research.14–18 More than 90% of reported
cases have been in cancer patients, a group
known to be at increased risk of osteonecrosis
of the jaw and other skeletal sites, for reasons
that include radiation therapy, chemother
apy, corticosteroid use, and increased risk of
infections.4,6,9–12,33–38 Nevertheless, it has been
assumed that these patients are the same as os
teoporosis patients, and sometimes that causa
tion is beyond dispute. This is problematic for
two main reasons:
• Since noncompliance and lack of adher
ence (due to lack of knowledge about the
dangers posed by osteoporosis, cost of the
drugs, difficulty with dosing regimens, and
fear of adverse effects) limit the effective
ness of these therapies in clinical practice,
such attention has already persuaded pa
tients to discontinue or refuse therapy (J.J.
Carey, personal experience and communi
cations from colleagues); and
• Patients with osteoporosis and osteoporot
ic fractures have increased rates of morbid
ity and mortality and significantly higher

Some
guidelines are
based more
on assumptions
than on science
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fracture risk, which can be prevented with
these agents if they are willing to take
them.
Association does not prove causation
However, association does not prove causa
tion. A relationship between a drug and a
disease may be due to chance alone or to con
founding factors.40 To judge the exact nature
of this relationship, several issues need to be
considered when reviewing the available evi
dence.
Substantiating that an agent causes a
disease requires careful consideration of sev
eral aspects of their relationship: temporality,
strength, dose-response, reversibility, consis
tency, biologic plausibility, and specificity.41
Correct interpretation of the strength of the
evidence should also incorporate an evalu
ation of the study design, size, and reporting
mechanism. Accordingly, case reports and case
series are considered to constitute the weakest
evidence, while randomized controlled trials
and meta-analyses are usually considered the
strongest.
When a true cause-and-effect relationship
does exist, the situation can be a simple one in
The washout
which only a single agent is involved. How
period for bis- ever, the issue can be decidedly more complex
when the cause is an effect-modifier, requiring
phosphonates the interaction of additional factors.
When a cause has been assumed, demon
in alveolar bone
stration of the dose-response relationship is
is unknown
also important: whether the risk is related in
a continuous fashion to dose and duration of
therapy (all patients), is seen only with partic
ular doses or regimens (such as frequent use of
high doses of potent bisphosphonates), or ex
ists only in people who have passed a certain
threshold value (for example, it may only oc
cur in those who have received 0.5 g of an in
travenous or 10 g of an oral bisphosphonate).
Bearing in mind these considerations, the na
ture of the relationship between an agent and
a disease can be better understood.40–43
A cause-and-effect relationship
has not been established
A cause-and-effect relationship between bis
phosphonates and osteonecrosis of the jaw
has not been clearly established.14,17 Although
case series highlight a relationship between
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the two, large controlled trials evaluating the
occurrence of osteonecrosis of the jaw as the
primary outcome have not been conducted.
To date, most cases have been reported as un
controlled case series, generally considered
the weakest form of evidence.43
Most cases have been in cancer patients
Most cases of osteonecrosis of the jaw were in
patients with cancer (particularly breast can
cer and multiple myeloma) receiving potent
intravenous bisphosphonates in high doses,
most of whom had other documented risk fac
tors, including recent dental procedures such
as tooth extraction.9–12,15–19,33–38
One of the most compelling studies sup
porting causation examined the prevalence of
osteonecrosis of the jaw in a cohort of 303 my
eloma patients from 1991 to 2003. Osteone
crosis of the jaw developed only in those tak
ing bisphosphonates (28 of 254), and the risk
appeared greatest in those treated with both
zoledronic acid (Zometa) and thalidomide
(Thalomid). The importance of additional
chemotherapies, concomitant diseases, and
baseline dental pathology was not described.35
Biases, including channeling bias (in which
patients who appear at increased risk of this
rare condition also appear to be most likely
to receive this medication), referral bias, and
survivor bias, were not addressed in this paper
or in others claiming that the risk is related to
the type of bisphosphonate used and the dura
tion of its use.15,33–38
A review of all cases of osteonecrosis of
the jaw over a 5-year period in one institu
tion (N = 163) found that only 17 (10%)
were associated with bisphosphonate use,
and all 17 patients had other risk factors,
such as concomitant therapy for malignan
cy and recent dental surgery.34 The authors’
concern that longer follow-up may have
shown a higher incidence of this problem is
supported by the temporal relationship seen
in other reports in which cancer patients
with osteonecrosis of the jaw appear to have
had higher cumulative doses of intravenous
bisphosphonates than those without.9–12
,15,34,35,37,38
Unfortunately, only one study had
a control group to highlight the incidence
of osteonecrosis of the jaw in similar pa
tients not treated with bisphosphonates.35

CLEV ELA N D C LI N I C JOURNAL OF MEDICINE   VOL UME 75 • N UM BE R 12   DE CE M BE R 2008

CAREY AND PALOMO

The incidence in cancer patients treated
with intravenous bisphosphonates has been
reported as between 0% and 11%, and the
incidence is higher following dental proce
dures and with a greater duration of drug
exposure.11,14,15,17,35,38,44
Interestingly, in a recent survey of oncolo
gists prescribing bisphosphonate medications
for metastatic indications, two-thirds said
they believe their patients probably have un
diagnosed chronic oral conditions that could
increase the risk of osteonecrosis of the jaw
following bisphosphonate therapy and dental
surgery procedures. A similar number reported
that their patients receive routine dental care
(access to and cost of dental care and the dif
ficulty in physician prescreening are cited as
obstacles), but only about one-third actually
refer their patients to dentists before starting
bisphosphonate therapy.45
What recent studies in osteoporosis
and Paget disease showed
Controlled scientific studies in osteoporosis
and Paget disease of bone have not shown
osteonecrosis of the jaw to emerge, even af
ter years of treatment with bisphosphonate
drugs.24–31,46–49 To date, more than 50,000 pa
tients have been treated with oral bisphos
phonates—more than 100,000 patient-years
for each drug: alendronate, risedronate (Actonel), and ibandronate (Boniva)—in clini
cal trials, and there has not been a single case
of bisphosphonate-associated osteonecrosis in
any of these studies.48
Recent publications have addressed the
results of clinical trials comparing zoledron
ic acid (the drug most often associated with
this condition in published case series) and
risedronate in more than 300 patients with
Paget disease of bone,31 and with placebo in
postmenopausal women with osteoporosis
and persons over 50 years of age suffering a
hip fracture treated for up to 3 years following
their fracture.29,30
In the largest trial, almost 4,000 osteo
porotic women were treated with 5 mg of
zoledronic acid annually for 3 years, and a
similar number received placebo. Despite a
rigorous search for any potential cases of bis
phosphonate-associated osteonecrosis of the
jaw—adjudicated by a blinded panel of ex

perts on the basis of clinical and dental diag
nostic imaging—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 zoledronic
acid). Both patients recovered following a
course of oral antibiotics and debridement.
There was no increase in osteonecrosis at
other skeletal sites.29,49
Observational studies have yielded con
flicting results. An Australian postal survey
of oral surgeons and dentists combined with
drug adverse events data suggested the fre
quency of osteonecrosis of the jaw was 1:2,260
to 1:8,470 in patients on weekly alendronate
treatment for osteoporosis, and 1:56 to 1:380
in patients with Paget disease. Following den
tal extractions, this rose to 1:296 to 1:1,130
and 1:7.4 to 1:48, respectively. Results in pa
tients with malignancy were similar to those
in other studies.44 The study raises issues simi
lar to those in other studies: lack of an appro
priate control group, reporting bias, and the
possibility of multiple reportings of the same
patients.
Unpublished information from pharma
ceutical companies has suggested the inci
dence of unconfirmed cases of osteonecrosis
of the jaw in persons taking alendronate is
0.7/100,000 person-years.14,17 One study using
administrative claims data did not find evi
dence of increased bisphosphonate use in pa
tients undergoing jaw surgery (used as a sur
rogate for osteonecrosis of the jaw),50 while
another actually found that oral bisphospho
nates had a protective effect against osteone
crosis of the jaw, inflammatory conditions of
the jaw, and need for major jaw surgery.51
The risk, if any, is probably very small
This information suggests that if these drugs,
used at the recommended dose, really do pose
a risk, it is probably very small: less than 1
case in 100,000 patient-years if taking an oral
bisphosphonate such as alendronate.14,17 This
is significantly less than the risk of fracture
in these patients (which may be higher than
1 in 10), the risk of death following such a
fracture,22–30 or the risk of death from drown
ing, house fire, or motor vehicle accident.52
The cases of osteonecrosis of the jaw that
we have personally seen—all in cancer pa

More than
50,000 patients
in clinical
trials received
these drugs for
osteoporosis or
Paget disease,
and none got
osteonecrosis
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tients treated with chemotherapy and highdose bisphosphonates—all showed histologic
evidence of necrosis and concomitant infec
tions, suggesting the actual diagnosis was os
teomyelitis. Bone biopsies from affected but
macroscopically normal mandibles at the time
of surgical debridement for osteonecrosis of
the jaw showed normal or increased osteo
clastic activity, in contrast to what one would
expect if there were oversuppression of bone
turnover (unpublished data, J. Christian, J.
Carey, Cleveland Clinic).
Recently, this family of drugs has shown
some promise in limiting the progression of al
veolar bone loss in periodontal disease (though
they are not approved for this indication).53–55
Finally, published studies suggest bisphospho
nate therapy may even be beneficial in ani
mals and humans with osteonecrosis,56–58 and
in conditions that mimic osteonecrosis such as
SAPHO syndrome (synovitis, acne, pustulo
sis, hyperostosis, and osteitis) of the mandible,
in which the histologic appearance may re
semble that of osteonecrosis.59
■■ what should we tell our patients?

The risk is
significantly
less than the
risk of death
following a hip
or vertebral
fracture

Several things are worth emphasizing from the
published data and guidelines:
• Many things are unknown about osteone
crosis of the jaw and the risk in people tak
ing bisphosphonates.
• The best evidence today does not support
a cause-and-effect relationship between
osteonecrosis of the jaw and bisphospho
nate therapy.
• If bisphosphonates are causative, the risk ap
pears very low in patients without cancer.
• It is important to distinguish between

■■ REFERENCES

1. Thomas CL. Taber’s Cyclopedic Medical Dictionary, 17th ed. Philadelphia,
FA Davis, 1993.
2. Donoghue AM. Bisphosphonates and osteonecrosis: analogy to phossy
jaw. Med J Aust 2005; 183:163–164.
3. Watson WL, Scarborough JE. Osteoradionecrosis in intraoral cancer. Am
J Roentgenol 1938; 40:524–534.
4. LaDow CS. Osteoradionecrosis of the jaw. Oral Surg Oral Med Oral
Pathol 1950; 3:582–590.
5. Topazian DS. Prevention of osteoradionecrosis of the jaws. Oral Surg
Oral Med Oral Pathol 1959; 21:530–538.
6. Marx RE. Osteoradionecrosis: a new concept of its pathophysiology. J
Oral Maxillofac Surg 1983; 41:283–288.
7. Rossleigh MA, Smith J, Straus DJ, Engel IA. Osteonecrosis in patients
with malignant lymphoma. A review of 31 cases. Cancer 1986; 58:1112–
1116.

878

cancer and noncancer patients because of
different risk factors, the markedly higher
doses of bisphosphonates used in cancer
patients, and the much greater incidence
of osteonecrosis of the jaw seen in cancer
patients irrespective of the cause.
• The higher risk in cancer patients is likely
modified or confounded by additional risk
factors, possibly including long-term use of
high-dose intravenous bisphosphonates.
• About 90% of cases of bisphosphonate-as
sociated osteonecrosis of the jaw have been
in cancer patients, in whom a substantial
temporal relationship to bisphosphonate
therapy has been seen.9–12,15–17,19,49,54–57
• Prevention will likely be the most effec
tive management strategy because of the
significant morbidity associated with and
the refractory nature of osteonecrosis of
the jaw.
• Prophylactic dental examinations and any
needed repair work are probably best done
before starting bisphosphonate therapy in
cancer patients; however, studies support
ing such a strategy are needed.
• There is no evidence to support routine
dental examinations before starting such
therapy for disorders other than cancer, or
for stopping such therapy before, during, or
after dental surgery. Whether this is true
for patients who have been taking these
drugs for several years or more is unclear.
• Good communication between patients
and their physicians, dentists, periodon
tists, and surgeons will help provide them
with the best possible care.
Clearly, much further research is needed on
the causes, risks, diagnosis, and management of
this disorder to optimize patient outcomes. ■

8. Cook AM, Dzik-Jurasz AS, Padhani AR, Norman A, Huddart RA. The
prevalence of avascular necrosis in patients treated with chemotherapy
for testicular tumors. Br J Cancer 2001; 85:1624–1626.
9. Marx RE. Pamidronate (Aredia) and zoledronate (Zometa) induced avascular necrosis of the jaws: a growing epidemic. J Oral Maxillofac Surg
2003; 61:1115–1117.
10. Migliorati CA. Bisphosphonates and oral cavity avascular bone necrosis. J
Clin Oncol 2003; 21:4253–4254.
11. 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; 62:527–534.
12. Wright MM, Wright BM, Christian J, Carey JJ. A case series of osteonecrosis of the jaw associated with the use of bisphosphonates. Arthritis
Rheum 2005; (suppl Sept): 1984.
13. National Center for Biotechnology Information. PubMed. www.ncbi.
nlm.nih.gov/PubMed/. Accessed 10/1/2008.

CLEV ELA N D C LI N I C JOURNAL OF MEDICINE   VOL UME 75 • N UM BE R 12   DE CE M BE R 2008

CAREY AND PALOMO

14. American Dental Association Council on Scientific Affairs. Dental
management of patients receiving oral bisphosphonate therapy: expert
panel recommendations. J Am Dent Assoc 2006; 137:1144-1150.
15. Woo SB, Hellstein JW, Kalmar JR. Narrative review: bisphosphonates and
osteonecrosis of the jaws. Ann Intern Med 2006; 144:753–761.
16. Advisory Task Force on Bisphosphonate-Related Osteonecrosis 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; 65:369–376.
17. Khosla S, Burr D, Cauley J, et al; American Society for Bone and Mineral
Research. Bishosphonate-associated osteonecrosis of the jaw: report of
a task force of the American Society for Bone and Mineral Research. J
Bone Miner Res 2007; 22:1479–1491.
18. Ruggiero S, Gralow J, Marx R, et al. Practical guidelines for the prevention, diagnosis, and treatment of osteonecrosis of the jaw in patients
with cancer. J Oncol Pract 2006; 2:7–14.
19. Wang HL, Weber D, McCauley LK. Effect of long-term oral bisphosphonates on implant wound healing: literature review and a case report. J
Periodontol 2007; 78:584–594.
20. Freiberger JJ, Padilla-Burgos R, Chhoeu AH, et al. Hyperbaric oxygen
treatment and bisphosphonate-induced osteonecrosis of the jaw: a case
series. J Oral Maxillofac Surg 2007; 65:1321–1327.
21. Fleisch H. Bisphosphonates in Bone Disease. Fourth ed. San Diego, CA:
Academic Press; 2000.
22. Bone Health and Osteoporosis: A Report of the Surgeon General. www.
surgeongeneral.gov/library/bonehealth/. Accessed 10/1/2008.
23. Carey JJ. What is a ‘failure’ of bisphosphonate therapy for osteoporosis?
Cleve Clin J Med 2005; 72:1033–1039.
24. Liberman UA, Weiss SR, Bröll J, et al. Effect of oral alendronate on bone
mineral density and the incidence of fractures in postmenopausal osteoporosis. The Alendronate Phase III Osteoporosis Treatment Study Group.
N Engl J Med 1995; 333:1437–1443.
25. Black DM, Cummings SR, Karpf DB, et al. Randomised trial of effect
of alendronate on risk of fracture in women with existing vertebral
fractures. Fracture Intervention Trial Research Group. Lancet 1996;
348:1535–1541.
26. Harris ST, Watts NB, Genant HK, et al. Effects of risedronate treatment
on vertebral and nonvertebral fractures in women with postmenopausal
osteoporosis: a randomized controlled trial. Vertebral Efficacy With
Risedronate Therapy (VERT) Study Group. JAMA 1999; 282:1344–1352.
27. McClung MR, Geusens P, Miller PD, et al; Hip Intervention Program Study
Group. Effect of risedronate on the risk of hip fracture in elderly women.
N Engl J Med 2001; 344:333–340.
28. Chesnut III CH, Skag A, Christiansen C, et al; Oral Ibandronate Osteoporosis Vertebral Fracture Trial in North America and Europe (BONE).
Effects of oral ibandronate administered daily or intermittently on
fracture risk in postmenopausal osteoporosis. J Bone Miner Res 2004;
19:1241–1249.
29. Black DM, Delmas PD, Eastell R, et al; HORIZON Pivotal Fracture Trial.
Once-yearly zoledronic acid for treatment of postmenopausal osteoporosis. N Engl J Med 2007; 356:1809–1822.
30. Lyles KW, Colón-Emeric CS, Magaziner JS, et al; HORIZON Recurrent
Fracture Trial. Zoledronic acid and clinical fractures and mortality after
hip fracture. N Engl J Med 2007; 357:1799–1809.
31. Reid IR, Miller P, Lyles K, et al. Comparison of a single infusion of
zoledronic acid with risedronate for Paget’s disease. N Engl J Med 2005;
353:898–908.
32. Bone HG, Santora AC. Authors Reply. N Engl J Med 2004; 351:191–192.
33. Conte P, Guarneri V. Safety of intravenous and oral bisphosphonates and
compliance with dosing regimens. Oncologist 2004; 9(suppl 4):28–37.
34. Walter C, Grötz KA, Kunkel M, Al-Nawas B. Prevalence of bisphosphonate associated osteonecrosis of the jaw within the field of osteonecrosis. Support Care Cancer 2007; 15:197–202.
35. Zervas K, Verrou E, Teleioudis Z, et al. Incidence, risk factors and management of osteonecrosis of the jaws in patients with multiple myeloma: a
single-centre experience in 303 patients. Br J Haematol 2006; 134:620–623.
36. Mortensen M, Lawson W, Montazem A. Osteonecrosis of the jaw associated with bisphosphonate use: presentation of seven cases and literature

review. Laryngoscope 2007; 117:30–34.
37. Badros A, Weikel D, Salama A, et al. Osteonecrosis of the jaw in multiple
myeloma patients: clinical features and risk factors. J Clin Oncol 2006;
24:945–952.
38. Durie BG, Katz M, Crowley J. Osteonecrosis of the jaw and bisphosphonates (letter). N Engl J Med 2005; 353:99–100.
39. Black DM, Schwartz AV, Ensrud KE, et al; FLEX Research Group. Effects
of continuing or stopping alendronate after 5 years of treatment: the
Fracture Intervention Trial Long-term Extension (FLEX): a randomized
trial. JAMA 2006; 296:2927–2938.
40. Gordis L. Epidemiology, 3rd ed. Philadelphia, Elsevier Saunders 2004:205.
41. Fletcher RH, Fletcher SW, Wagner EH. Clinical Epidemiology. The Essentials. 3rd ed. Baltimore, MD; Lippincott, Williams & Wilkins, 1996:245.
42. Sim J, Wright C. Research in Health Care, 1st ed. Cheltenham, England;
Nelson Thornes, 2002.
43. US Preventive Services Task Force Ratings. Strength of recommendations
and quality of evidence. www.ahrq.gov/clinic/3rduspstf/ratings.htm. Accessed 10/1/2008.
44. 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; 65:415–423.
45. Gibbs AE, Kherani A, Weitzel K, et al. Bisphosphonate-associated
osteonecrosis: survey of oncologists. J Dent Res 2008; 87(special issue
A):abstract #0639.
46. Bone HG, Hosking D, Devogelaer JP, et al; Alendronate Phase III Osteoporosis Treatment Study Group. Ten years’ experience with alendronate
for osteoporosis in postmenopausal women. N Engl J Med 2004;
350:1189–1199.
47. Mellström DD, Sörensen OH, Goemaere S, Roux C, Johnson TD, Chines
AA. Seven years of treatment with risedronate in women with postmenopausal osteoporosis. Calcif Tissue Int 2004; 75:462–468.
48. Bilezekian JP, Gold DT, Goldring S, et al. Discussions in Osteoporosis Issue
5, Feb 2006 5–7. Adelphia Inc.
49. Grbic JT, Landesberg R, Lin SQ, et al; Health Outcomes and Reduced Incidence with Zoledronic Acid Once yearly Pivotal Fracture Trial Research
Group. Incidence of osteonecrosis of the jaw in women with postmenopausal osteoporosis in the Health Outcomes and Reduced Incidence with
Zoledronic Acid Once Yearly Pivotal Fracture Trial. J Am Dent Assoc 2008;
139:32–40.
50. Pazianas M, Blumentals WA, Miller PD. Lack of association between oral
bisphosphonates and osteonecrosis using jaw surgery as a surrogate
marker. Osteoporos Int 2007; Epub Nov 13.
51. Cartsos VM, Zhu S, Zavras AI. Bisphosphonate use and the risk of adverse
jaw outcomes. J Am Dent Assoc 2008; 139:23–30.
52. National Safety Council. The odds of dying from... www.nsc.org/lrs/statinfo/odds.htm. Accessed 10/1/2008.
53. Palomo L, Bissada NF, Liu J. Periodontal assessment of postmenopausal
women receiving risedronate. Menopause 2005; 12:685–690.
54. Rocha ML, Malacara JM, Sánchez-Marin FJ, Vazquez de la Torre CJ,
Fajardo ME. Effect of alendronate on periodontal disease in postmenopausal women: a randomized placebo-controlled trial. J Periodontol
2004; 75:1579–1585.
55. Jeffcoat MK, Cizza G, Shih WJ, Genco R, Lombardi A. Efficacy of bisphosphonates for the control of alveolar bone loss in periodontitis. J Int Acad
Periodontol 2007; 9:70–76.
56. Little DG, Peat RA, Mcevoy A, Williams PR, Smith EJ, Baldock PA. Zoledronic acid treatment results in retention of femoral head structure after
traumatic osteonecrosis in young Wistar rats. J Bone Miner Res 2003;
18:2016–2022.
57. Agarwala S, Jain D, Joshi VR, Sule A. Efficacy of alendronate, a bisphosphonate, in the treatment of AVN of the hip. A prospective open-label
study. Rheumatology (Oxf) 2005; 44:352–359.
58. Ramachandran M, Ward K, Brown RR, Munns CF, Cowell CT, Little DG.
Intravenous bisphosphonate therapy for traumatic osteonecrosis of the
femoral head in adolescents. J Bone Joint Surg Am 2007; 89:1727–1734.
59. Kopterides P, Pikazis D, Koufos C. Successful treatment of SAPHO syndrome with zoledronic acid. Arthritis Rheum 2004; 50:2970–2973.
ADDRESS: Dr. John J Carey, Department of Rheumatology, Unit 3, Merlin
Park University Hospital, Galway, Ireland; e-mail john.carey@hse.ie.

CL EVEL AND CL I NI C J O URNAL O F M E DI CI NE    V O L UM E 75 • NUM BE R 12   DE CE M BE R 2008

879

