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Abstract
Background/Aim: Osteonecrosis of the jaws is being increasingly reported in
patients with bone metastasis from a variety of solid tumours and disseminated
multiple myeloma receiving intra-venous bisphosphonates. The signs and symptoms
that may occur before the appearance of clinical evident osteonecrosis include changes
in the health of periodontal tissues, non-healing mucosal ulcers, loose teeth and
unexplained soft-tissue infection. A series of nine periodontally involving patients
showing osteonecrosis of the jaws that appeared following the intra-venous use of
bisphosphonates is reported.

Material and Methods: Nine consecutive patients with osteonecrosis of the jaws
were prospectically studied. Patients’ past medical histories and the drugs that they had
received for their malignant disease were systematically documented. Clinical,
histopathological and radiographic features and proposal for treatment modalities of
osteonecrosis are also reported.

Results: Of the nine patients (six women and three men) observed, all had
osteonecrosis in the mandible; two had maxillary involvement as well. All nine
patients had a history of extraction of periodontally hopeless teeth preceding the onset
of osteonecrosis. In two patients, the lesions also appeared in edentulous areas
spontaneously. All the patients had received intra-venous bisphosphonates as treatment
for their disseminated haematological neoplasms or metastatic bone disease. The
duration of bisphosphonate therapy at presentation ranged from 10 to 70 months
(median: 33 months).

Conclusions: Jaw osteonecrosis appears to be associated with the intra-venous use of
bisphosphonates. Dental professionals should be aware of this potentially serious
complication in periodontal patients receiving long-term treatment with
bisphosphonates.
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Recent reports have described osteone-
crosis of the jaw bones as a potentially
serious complication that is suspected
to be associated with intra-venous use
of bisphosphonates. In 2003, after an
alert initial observation by Wang et al.
(2003) at the University of California
San Francisco, Rosenberg & Ruggiero
(2003), Marx (2003) and Migliorati
(2003) have reported further findings
in a new set of patients. The clinical
aspects and behaviour of osteonecrosis

in these patients showed a striking
resemblance to osteoradionecrosis with
exposed bone and sequestration non-
responsive to conventional surgical
management. All the initial observations
have pointed to the potential role of the
intra-venously administered bispho-
sphonates such as pamidronate and zole-
dronate. In June of 2004, in a detailed
paper, Ruggiero et al. (2004) reported
findings in 63 additional patients, of
whom 56 had received intra-venous

bisphosphonates for bone metastasis
and seven had undergone chronic oral
bisphosphonate treatment for osteoporo-
sis. Recently, an editorial by Greenberg
(2004) has further underlined the impor-
tance of this unrecognized destructive
lesion, and alerted oncologists and den-
tists of its potential association with
intra-venous use of bisphosphonates.

Bisphosphonates are indicated for the
treatment of patients affected by multi-
ple myeloma or bone metastasis from a
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variety of malignant tumours (Berenson
et al. 1996, Hortobagyi et al. 1996,
Hillner et al. 2003). The American
Society of Clinical Oncology has
affirmed that intra-venous bisphospho-
nates, in conjunction with anticancer
chemotherapy, represent the standard
of care for the management of hyper-
calceamia of malignancy and metastatic
osteolytic lesions associated with multi-
ple myeloma and any solid tumour
including breast, prostate and lung can-
cer (Berenson et al. 2002, Hillner et al.
2003). Bisphosphonates are also indi-
cated in Paget’s disease, osteogenesis
imperfecta, idiopathic juvenile osteo-
porosis and severe steroid-induced
osteoporosis (Brumsen et al. 1997, Glor-
ieux et al. 1998, Devogelaer 2000).

Although the mechanism of action of
these drugs, mainly based on a potent
inhibitory effect on bone resorption, is
not completely understood, there is proof
that they block dissolution of hydroxya-
patite and inhibit osteoclast function
(Rodan & Fleisch, 1996). There is evi-
dence that internalization of the drug in
active osteoclasts disrupts the cytoske-
leton and vesicular trafficking, leading
to cessation of resorption and induction
of apoptosis (Wood et al. 2002). These
compounds also have antiangiogenic
effects, being able to decrease endo-
thelial cell proliferation (Fournier
et al. 2002). At a molecular level, it
has been shown that bisphosphonates
influence osteoclast activity through
the modulation of a cell surface receptor
or an intra-cellular enzyme (Sahni et al.
1993).

Pamidronate (Aredia
s

, Novartis
Pharmaceuticals, East Hanover, NJ,
USA), a first-generation bisphospho-
nate, is administered intra-venously at
a dose of 90 mg over a variable period of
time (2–24 h) every 3–4 weeks. Zole-
dronate (or zoledronic acid) (Zometa

s

,
Novartis Pharmaceuticals), a second-
generation and most potent bisphospho-
nate, is administered every 4 weeks at a
dose of 4 mg over a period of 15 min.
(Brumsen et al. 1997, Glorieux et al.
1998, Devogelaer 2000). Preparations for
oral use such as alendronate and risedro-
nate are pharmacologically less potent
and less effective for the treatment of
bone metastasis and therefore they are
used only in the treatment of osteoporosis.

The purpose of this case series is to
report nine consecutive cases of osteo-
necrosis of the maxilla and mandible in
patients with disseminated haematologi-
cal neoplasms and metastatic bone dis-

eases who were receiving intra-venous
bisphosphonates therapy.

Material and Methods

The study consisted of nine consecutive
patients with severe periodontal disease
and tooth loss who had been diagnosed
and treated for disseminated haemato-
logical neoplasms or metastatic bone
diseases and presented with jaw osteo-
necrosis. All patients were observed and
prospectively followed at the Reference
Center for the Study of Oral Diseases or
at the Department of Periodontology of
the University of Florence. The patients
were referred because of changes in the
health of periodontal tissues, non-heal-
ing mucosal ulcers, loose teeth and
unexplained soft-tissue infection. All
nine patients had had bone scans and
radiographs demonstrating bone metas-
tasis in solid tumours and generalized
bone lesions in haematological tumours.

The patients’ past medical histories,
drugs that they have received for their
malignant disease as well as the symp-
toms, the anatomic locations and the
number of areas with osteonecrosis, the
relationship with previous extractions of
periodontally involved teeth and the pre-
sence or absence of oroantral fistulas
were systematically documented. The
radiographic features and the histopatho-
logical findings in biopsies from the
affected jaw bones were also reported.
In seven patients, a biopsy from an area
of the jaw lesion was taken. In two
cases biopsy was not performed because
of the patient’s precarious conditions. In
all cases, a panorex or a dental scan of
the jaws was performed before oral
biopsy.

At the initial diagnosis of jaw osteo-
necrosis, all the patients were treated
with the same management protocol
consisting of conservative debridement
of bone sequestra, local irrigation with
povidone–iodine and daily rinsing with
0.12% chlorhexidine mouthwash, oral
nimesulide and prolonged antibiotic
therapy with penicillin-type antibiotics.
Conservative debridement consisted in a
non-aggressive, superficial removal of
bone sequestra. The dosages of amox-
icillin/clavulanate potassium and nime-
sulide were two 1000 mg tablets every
12 h for 20–30 days and two 100 mg
tablets per day after meals for 6–7 days,
respectively. The treatment was then
repeated in case of recurrence of pain
and signs of infection. The patients were
followed every 2 months.

Results

During the course of the past 13 months,
nine consecutive patients who presented
with jaw bone necrosis following the
intra-venous use of pamidronate and/or
zoledronate were observed (Tables 1
and 2). All the patients showed lesions
on the mandible and two had lesions
both on the maxilla and the mandible
(Fig. 1a, b, c). In all the patients, a tooth
extraction preceded the onset of osteo-
necrosis. The median time to diagnosis
of jaw osteonecrosis since the first sur-
gical manipulation consisting in tooth
extraction was 7 months (range 3–12
months). In two patients with multiple
lesions (patients 1 and 3), the lesions
also appeared in edentulous areas spon-
taneously and in anatomically unrelated
sites distant from those that followed
tooth extractions (Fig. 2). In all cases,
the exposed necrotic bone was infected,
causing pain. Patients complained of
other symptoms such as difficulty in
eating, speaking, lower–lip paresthaesia
and some showed clinical signs such as
trismus, halitosis and recurrent absces-
ses. Chronic maxillary sinusitis second-
ary to bone necrosis and an oroantral
fistula were evident in a patient with pos-
terior maxillary involvement (patient 1).
All affected patients had a history of
one of the following malignant tumours:
breast cancer (3), multiple myeloma
(3), lung cancer (1), prostate cancer (1)
and non-Hodgkin’s lymphoma with
bone involvement (1). All patients had
radiographic or nuclear scan evidence
of bone metastasis or disseminated dis-
ease. None of the patients had received
radiation treatment to the area of the
jaw bones. The duration of the bisphos-
phonates therapy at presentation with
jaw osteonecrosis ranged from 10 to
70 months (median: 33 months). In
seven patients in whom the biopsy
was performed, the bone necrosis was
histologically diagnosed as chronic
osteomyelitis without evidence of detect-
able malignancy. All the specimens
revealed areas of necrotic bone and
fibrinous exudates accompanied by a
polymorphonuclear leucocyte infiltrate
(Fig. 3).

In all the patients, intra-venous bis-
phosphonate treatment was stopped
once the diagnosis of jaw osteonecrosis
was made. One patient died 3 months
after the diagnosis of jaw osteonecrosis
because of the progression of her meta-
static bone disease. After several months
of follow-up (see Table 2), we found
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that the majority of our patients had
experienced regression of both pain
and signs of local infection, although
areas of exposed bone persisted in all of
them. Six patients declared that they had

reached a ‘‘pain-free’’ state by the third
month of continuous antibiotic treat-
ment. In two patients, dimensional
reduction of the necrotic bone areas
was documented by panorex.

Discussion

Osteonecrosis of the jaw bones with
intra-venous administration of bispho-
sphonates has been observed in several

Table 1. Clinical features, primary tumour and anti-cancer drugs used in nine patients with jaw osteonecrosis

Case Age/gender Primary malignancy Drugs used

bisphosphonate
(duration in months)

cytotoxics hormone
antagonists

others

1 66/F Breast cancern Zoledronate (16) Cyclophosphamide
Methotrexate
5-Fluorouracil

2 50/F Breast cancern Pamidronate (22) Cyclophosphamide
Zoledronate (20) Methotrexate

5-Fluorouracil
3 69/F Multiple myeloman Zoledronate (10) Melphalan Bone marrow

transplantation
Prednisone

4 60//M Lung cancern Zoledronate (29)
5 76/M Multiple myeloman Zoledronate (44) Melphalan Prednisone
6 48/F Breast cancern Zoledronate (33) Cyclophosphamide Exemestane

Methotrexate Capecitabine
5-Fluorouracil Trastuzumab
Paclitaxel
Vinorelbine

7 48/F NHLn Pamidronate (36) Chlorambucil Prednisone
Zoledronate (34) Vincristine

Cyclophosphamide
8 67/M Prostate cancern Zoledronate (24) Epirubicin Antiandrogens
9 70/F Multiple myeloman Pamidronate (36) Melphalan Prednisone

Zoledronate (24)

nAll patients had documented metastatic/disseminated bone disease.

M, male; F, female.

Table 2. Additional clinical findings in nine patients with jaw osteonecrosis

Case Locations Number of sites
showing exposed

jaw bone

Histopathology:
signs of bone
necrosis and

chronic osteomyelitis

Treatment Bisphosphonate
cessation after
diagnosis of
osteonecrosis

Follow-up
(months)

mandible maxilla

1 Yes Yes 3 Yes Debridement Yes 13nw

Cyclic oral antibiotics
2 Yes 1 –z Oral antibiotics Yes 3§

3 Yes Yes 3 Yes Debridement Yes 8nw

Cyclic oral antibiotics
4 Yes 1 Yes Debridement Yes 8nw

Cyclic oral antibiotics
5 Yes 1 –z Debridement Yes 7nwz

Cyclic oral antibiotics
6 Yes 1 Yes Debridement Yes 6nw

Cyclic oral antibiotics
7 Yes 3 Yes Debridement Yes 6nwz

Cyclic oral antibiotics
8 Yes 3 Yes Debridement Yes 4nw

Cyclic oral antibiotics
9 Yes 1 Yes Debridement Yes 5nw

Cyclic oral antibiotics

nExposed necrotic bone areas still present.
wResolution of both pain and local signs of infection.
zBiopsy was not performed.
§The patient died because of progression of her metastatic bone disease.
zDimensional reduction of the necrotic area on panorex.
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oral medicine and maxillofacial depart-
ments around the world (Lugassy et al.
2004, Bagan et al. 2005, Durie et al.
2005, Maerevoet et al. 2005, Melo &
Obeid 2005, Migliorati et al. 2005,
Vannucchi et al. 2005, Woo et al.
2005). Marx (2003) has called upon
the clinicians’ attention, stressing that
this problem, because of the widespread
use of bisphosphonates in cancer
patients, will soon reach epidemic pro-
portions. On a different note, Tarassoff
& Csermak (2003) have criticized this

assertion by pointing out that the causal
association remains uncertain as patients
receiving intra-venous bisphosphonates
are often taking multiple drugs includ-
ing cancer chemotherapy and corticos-
teroids.

It is of historical interest to mention
that osteonecrosis of the jaws was observ-
ed in the 19th and early 20th centuries in
patients exposed to white phosphorus.
At that time, the disease was called
phossy jaw or phosphorus necrosis, and
was mainly observed in people working
in the matchmaking and fireworks fac-
tories or brass and war munitions indus-
tries (Miles 1972). Amazingly, clinical
descriptions of phossy jaw lesions over-
lap with those reported today in cases of
bisphosphonate osteonecrosis (Hellstein
& Marek 2005).

Although the aetiological role of
bisphosphonates remains to be eluci-
dated, the alteration in bone metabolism
together with surgical insult or prosthe-
tic trauma appear to be key factors in the
development of osteonecrosis. Tooth
extraction as a precipitating event is a
common observation in the previous
reports (Marx 2003, Migliorati 2003,
Rosenberg & Ruggiero 2003, Ruggiero
et al. 2004, Migliorati et al. 2005, Van-
nucchi et al. 2005). However, lesions
may also occur spontaneously in non-
extractive sites. The phenomenon of
spontaneous appearance of osteonecro-
sis may be explained by the fact that,
once ‘‘metabolically damaged’’ by the
treatment with the bisphosphonates, the
entire skeleton remains susceptible even
to minor causative factors such as pros-
thetic trauma (Ruggiero et al. 2004,
Migliorati et al. 2005). Typical signs
and symptoms are pain, soft-tissue swel-
ling and infection, loosening of teeth

and draining fistula. Some patients may
present with atypical symptoms such as
‘‘dull pain’’, numbness, the feeling of
‘‘bigger jaw’’ or lower-lip paraesthesia.
The signs and symptoms that may occur
before the appearance of clinically evi-
dent osteonecrosis include changes in
the health of periodontal tissues,
non-healing mucosal ulcers, loose teeth
and unexplained soft-tissue infection
(Migliorati et al. 2005).

Osteonecrosis of the jaws can also be
associated with a variety of aetiological
factors such as radiation therapy, trau-
ma, herpes zoster, HIV infection and
fungal infections and pre-disposing con-
ditions such as osteopetrosis, fibrous
dysplasia, etc. (Lew & Waldvogel 2004,
Ruggiero et al. 2004, Tolar et al. 2004).
Therefore, it is important to consider
co-morbid factors before indicting the
bisphosphonate agents alone for the jaw
lesions observed and encountered in
these patients. Regarding the additional
drugs that were taken by our patients, it
is of relevance to note that we were
unable to find any data in the literature
to suggest a potential role of these drugs
in the development of osteonecrosis.

At present, there is no definite treat-
ment for this particular drug-induced
necrosis of bone. Although it may
seem reasonable and prudent to suggest
that stopping the administration of intra-
venous bisphosphonates would improve
the resolution rate of this condition,
there is no proof to support such an
indication for management (Migliorati
et al. 2005). In fact, there is preliminary
evidence that drug withdrawal does not
lead to clinical improvement of bone
necrosis (Ruggiero et al. 2004). This can
be well explained by the fact that bis-
phosphonates avidly bind to bone min-
eral around active osteoclasts, resulting
in very high levels in the resorption
lacunae (Fournier et al. 2002). Because
bisphosphonates are not metabolized,
high concentrations are maintained with-
in the bone for long periods of time
(Rodan & Fleisch 1996).

Our patients were all treated using a
conservative approach with the goal of
preventing progression of lesions and li-
miting complications related to chronic
infection. To achieve these goals, con-
servative debridement of bone sequestra,
local irrigation with povidone–iodine and
daily rinsing with 0.12% chlorhexidine
mouthwash were considered. In particu-
lar, in all our patients we used the same
treatment regimen consisting of oral
administration of amoxicillin/clavula-

Fig 1. (Patient 2): (a) A panorex of the jaws
shows periodontally hopeless teeth before
extraction. (b) A panorex taken 4 months
after multiple dental extractions reveals the
presence of an extensive zone of bone
necrosis involving the body of the mandible
with large bone sequestra. The borders of the
bone sequestra appear delineated by a fine
dotted line. (c) Extensive osteonecrosis in
the mandible with large sequestra.

Fig. 2. (Patient 1): Osteonecrosis of the left
maxilla that developed spontaneously in an
edentulous area.

Fig. 3. Photomicrograph of biopsy tissue
from a case of osteonecrosis demonstrates
a polymorphonuclear leucocyte infiltrate
with focal areas of fibrinous exudates. The
bone is necrotic and shows focal surface
erosion secondary to enzymatic digestion
(H&E, � 25).
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nate potassium together with a short
course of oral nimesulide. The treatment
was then repeated in case of recurrence
of pain and signs of infection.

Based on our experience, although
limited because of the small number of
patients, a management protocol that
can be useful in order to limit complica-
tions of osteonecrosis is delineated in
Fig. 4. Diagnosis of bisphosphonate
osteonecrosis should be mainly based
on clinical and radiographic criteria.
Tissue biopsy is not always necessary
and should be performed only if meta-
static disease is suspected. Microbial
cultures (aerobic and anaerobic) may
provide identification of pathogens
causing secondary infection. However,
it is important to stress that cultures
taken from an open sinus tract or
exposed jaw bone may give misleading
results because the isolates may include
non-pathogenic microorganisms that are
colonizing the site (Lew & Waldvogel

2004). The majority of patients with
chronic bone exposure can be treated
using a medical approach consisting of
oral antibiotics, anti-inflammatories,
local irrigation with povidone–iodine
and 0.12% chlorehexidine mouthwash
associated with conservative debride-
ment. Aggressive surgical intervention
(i.e. bone resection) appears counterpro-
ductive and often produces further
exposed bone (Migliorati et al. 2005).
Conservative debridement of bone seq-
uestra is appropriate in patients with
voluminous lesions in order to reduce
the local infection process. The goal of
surgery should be to eliminate dead
bone that acts as foreign material (Lew
& Waldvogel 2004). Regarding hyper-
baric oxygen, some authors (Ruggiero
et al. 2004) have considered it as not
effective and, therefore, did not recom-
mend it; other authors (Lugassy et al.
2004), instead, have found hyperbaric
oxygen therapy to be of some use.

It is important to stress that a strict
collaboration with the oncologists is
mandatory in order to identify strategies
to improve the care of this particular
group of patients. It is anticipated that a
better understanding of the role of
bisphosphonates in the development of
osteonecrosis will lead to improved pre-
vention and perhaps treatment of
bisphosphonates-associated jaws osteo-
necrosis. Until then, we recommend that
measures be always taken to prevent
osteonecrosis in those at risk. Such
measures should include careful dental
examination and mandatory extractions
of candidate teeth with enough time
allowed for healing in advance of the
start of intra-venous bisphosphonate
treatment. Also important is the adop-
tion of preventive measures such as
dental caries and periodontal disease
control, avoiding dental implant place-
ment and the use of soft liners on
dentures. In patients with overt osteone-
crosis, the cessation or interruption of
bisphosphonates must be discussed with
the oncologist and always weighted
against the risk of skeletal complications
or hypercalcaemia of malignancy.
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Clinical Relevance

Often, bisphosphonate - associated
osteonecrosis is not recognized
because the clinician is not aware of
its existence. Subtle changes in the
health of periodontal tissues and
unexplained infection may precede
the development of this devastating
condition. We call the clinician’s

attention upon the clinical features
and treatment modalities of this
potential complication.

The mandible was the most
affected bone. Pain, halitosis, diffi-
culty in eating and speaking were
common. Management consisted of
conservative debridement of bone
sequestra, local measures, oral nime-

sulide and antibiotic therapy. The
majority of our patients experienced
regression of pain.

Preventive measures such as
careful dental examination and man-
datory extractions of candidate teeth
before treatment and dental caries and
periodontal disease control should be
taken.
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