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Abstract. Bone necrosis of the jaws is often related to head and neck radiotherapy, to surgical procedures at
maxillary or mandibular level but also to various local and systemic factors such as haematological diseases,
haemoglobinopathies and systemic lupus eritematosus; its pathogenesis maybe associated with defects of vas-
cularization. Bisphosphonate are synthetic analogues of pyrophosphate used for the treatment of hypercal-
cemia in patients with malignancies and bone metastasis and for the treatment of many other disorders such
as metabolic bone diseases, Paget’s disease, and osteoporosis; their pharmacological activity is related to the
inhibition of the osteoclastic function which leads to resorption and reduction of bone vascularization. Since
the end of 2003 Bisphosphonate-associated Osteonecrosis (BON) has become an increasing problem and the
test of that is the increase of the relative published case report and case series. Here we report 29 cases of
bone necrosis of the jaws in patients treated with pamidronate (Aredia), zoledronate (Zometa) and alen-
dronate: 15 underwent surgical procedures and 14 occurred spontaneously. Among these patients (21 fe-
males, 8 males; mean age between 45 and 83 years); 14 were treated for bone metastasis, 12 for multiple
myeloma and 3 for osteoporosis. Bone necrosis involved only maxilla in 7 patients, only mandible in 20 pa-
tients and both in 2 patients. Six patients had multiple osteonecrotic lesions, 3 contemporary lesions and 3
non contemporary. In these patients we performed 3 kinds of therapy, associated or not: medical therapy
(with antibiotic drugs, antimycotics and antiseptic mouthwashes), surgical therapy with curettage or se-
questrectomy and Nd:YAG laser biostimulation. (www.actabiomedica.it)
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Introduction

Osteonecrosis is the death of a bone or a part of
a bone that results as a natural consequence of a wide
variety of systemic and local factors compromising the
blood flow within the bone; these include haemoglo-
binopathies, anticardiolipin antibodies, and defects of
the thrombotic and fibrinolytic systems, fat emboli, al-

coholism, systemic lupus erythematosus and cortico-
steroid administration (1-3).

From the clinical point of view, bone necrosis of
the jaws usually appears as an exposure of avascular
bone in the mandible, in the maxilla, or in both (2).
The exposed necrotic bone is infected and the area is
usually painful; patients may complain of difficulty in
eating and speaking, pain, bleeding and, when the ne-
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crosis is extensive and near to the mandibular branch
of the trigeminal nerve, paresthesia of the lower lip
(2). The main cause of bone necrosis is a defect in va-
scularization (2-3). In the oral cavity, bone necrosis in
immunodepressed patients is probably related to the
presence of unhealthy teeth, which increase the risk of
infection; in fact, bone necrosis is usually related to
tooth extraction. In some cases, bone necrosis is asso-
ciated with corticosteroid treatment or with radiothe-
rapy.

In this work, we report twenty-nine cases of jaw
osteonecrosis in patients treated with bisphosphonates
for bone metastasis, multiple myeloma or osteoporo-
sis.

The twenty-nine reported cases were referred to
the Unit of Oral Pathology and Medicine, Section of
Odontostomatology, Department of ENT/Dental/
Ophthalmological and Cervico-Facial Sciences, Uni-
versity of Parma, Parma, Italy, by five different Onco-
logy Departments of Parma, Piacenza, Cremona and
Reggio Emilia, between January 2004 and April
2006.

Case report

The ages of the twenty-nine cases (8 males and
21 females) ranged between 45 and 83 years; twelve of
these patients had a diagnosis of multiple myeloma,
fourteen of bone metastasis and three of osteoporosis.

The patients with malignancies showed bone
metastasis within a period that went from 4 to 17
years after the cancer diagnosis.

None of these patients had a history of endocrine
disorders, particularly parathyroid disorders which are
frequently associated with bone disease. Different
kinds of chemotherapic drugs were administered
before treatment with bisphosphonates (Tab. 1).

Eleven patients started therapy with pamidrona-
te that was subsequently replaced with zoledronate;
fifteen patients were directly treated with zoledronate
after diagnosis and three patients with alendronate.
Pamidronate (90 mg) was administered every 4 weeks
(intravenously over a 2- to 4-hour period), zoledrona-
te (4 mg) was administered every 4 weeks (infusion
over a period of 15 minutes) and alendronate (70 mg)

was administered orally every week (Tab. 2).

None of the patients were treated with radiothe-
rapy and corticosteroids. Fourteen patients had pre-
vious tooth extractions at the same site of bone necro-
sis and the time between the extraction and the be-
ginning of symptoms varied between one month and
one year; one patient had to remove the implants whe-
re the osteonecrosis occurred.

At the first oral examination all patients showed
an ulcerative lesion with bone exposure (1-5 cm) (Fig.
1-4). They complained of pain, bleeding and pare-
sthesia of the lower lip within a period between 1
month and 5 years from the beginning of bisphospho-
nate therapy (Tab. 2).

Histopathological examination revealed a necro-
tic osteitis associated with a mixed infiltrate of
lymphocytes and granulocytes. No histological featu-
res of bone metastasis or multiple myeloma within the
lesions could be observed.

In these patients, in relation to clinical characte-
ristics, we applied medical therapy associated or not
with surgical therapy (sequestrectomy and bone debri-
dement), with or without Nd:YAG laser biostimula-
tion. Medical treatment with antibiotics [amoxicillin 2
gr/die per os or ceftazidim 1 gr/die i.m. and metroni-
dazole 500 mg/die per os] and antimycotics [flucona-
zole 100mg/die per os] was started and continued for
15 days. Mouth-washes with chlorexidine and hydro-
gen peroxide were also prescribed.

With the applied therapies, we had partial suc-
cesses, in particular with medical treatment, with or
without surgery, associated with Nd:YAG laser biosti-
mulation.

Discussion

In this work, we describe 29 cases of jaw osteone-
crosis following treatment with bisphosphonate, parti-
cularly pamidronate and zoledronate, widely used for
their efficacy in the treatment of hypercalcemia in pa-
tients with malignancies or bone cancer metastasis.

Bisphosphonates are stable analogues of py-
rophosphate with a P-C-P structure and two side
chains attached to the carbon atom: the first chain
controls the ability of binding to crystals in the bone,
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Table 1. Characteristics of patients: medical history, symptomatology and therapy

Patient Sex Age First Time of first Diagnosis of ~ Metastasis Chemotherapy
diagnosis diagnosis metastasis type
C.M. F 56 Breast cancer 1993 1997 Bone Ciclofosfamid+Metotrexate+
metastasis 5-Fluorouracil (5-FU);
Epiadriamicina+Docetaxel;
Vinorelbine+5-FU
B.L. F 64 Pleura mesothelioma 1997 2002 Mesothelioma and Gemcitabine+ Vinorelbine
bone metastasis
R.C. F 59 Breast cancer 2000 2001 Liver and Ciclofosfamid+Metotrexate+5-FU;
metastasis Epiadriamicina+ Docetaxel;
Vinorelbine+5-FU
S.E. F 71 Multiple myeloma 2002 - - -
V.L. F 83  Breast cancer 2001 2002 Bone metastasis  Docetaxel
G.V. M 79 Multiple myeloma 1997 - - -
S.C. F 78 Breast cancer 1985 2002 Bone metastasis ~ Capecitabin+Nitomicin;
Fluorouracil+Nitomicin; Paclitaxel
N.M. F 62 Multiple myeloma 1977 - - -
FL. F 83 Breast cancer 1985 2002 Bone metastasis  Docetaxel (2002-2004)
TS. M 64 Multiple myeloma 1998 - - -
S.A. M 70 Multiple myeloma 1998 2003 - Ciclofosfamid
M.A. M 67 Multiple myeloma 2002 - - -
BJ. F 79 Multiple myeloma 2000 - - -
B.F F 74 Multiple myeloma 2000 - - -
C.R. F 74 Breast cancer 2000 2004 Bone metastasis  Doxorubicina
FV. M 77 Multiple mieloma 2003 - - -
EP. F 70 Osteoporosis 2002 - - -
G.L. F 58 Breast cancer 2002 2004 Bone metastasis  Ciclofosfamid+Metotrexate+
5-Fluorouracil- Tamoxifene
G.E. F 74  Breast and kidney 1986 1999 Bone metastasis ~ Letrozole
cancer
M.A. F 61 Osteoporosis 2003 - - -
MR. M 72 Multiple myeloma 1992 - - -
PA. F 45  Breast cancer 1995 2003 Bone metastasis -
PM. F 70 Breast cancer 2003 2005 Bone metastasis  Ciclofosfamid+Epirubicina+
Fluorouracil
R.I F 67 Breast cancer 1996 2004 Bone metastasis -
S.I. F 78  Osteoporosis 2001 - - -
S.A. M 63 Prostate cancer 1997 2004 Bone metastasis -
TF. M 66 Multiple myeloma 1998 - -
TR. F 71  Breast cancer 2004 2005 Bone metastasis -
T.M. F 76  Multiple myeloma 2005 - - Bortezomib
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Table 2. Bisphosphonates therapy and clinical aspects of bone necrosis

Therapy Start  Replacement ~ New Symptoms ~ Beginning Site of Dental  Timeof Endof
therapy  therapy therapy of symptoms bone extraction  dental therapy
necrosis extraction

C.M. Pamidronate 2002 2003  Zoledronate  Pain-Bleeding- 2003 Left - - 2003

(Nov) (Set) Paresthesia (Aug) mandible (Sep)
lower lip-
Ear pain
B.L. Pamidronate 2001 2002 Zoledronate Pain 2003 Right - 2003 2004
Feb) (Apr) (Jan) mandible - (Jan) (Feb)
R.C. Zoledronate 2003 - - Pain 2003 Left - - 2004
(Feb) (Sep) maxilla and (Jan)
mandible - -

S.E. Zoledronate 2002 - - Pain- 2003 Mandible 3.5 2002 2004
Paresthesia (Apr) (medial) (Mar)
lower lip

V.L. Pamidronate 2002 2002 Zoledronate Pain 2003 Left - 2003 2003

(Aug) mandible - (Aug) (Dec)

G.V. Pamidronate 1997 2003 Zoledronate  Pain-Paresthesia 2004 Right - - 2004

(Feb) lower lip (Dec) mandible (Dec)

S.C. Pamidronate 2002 2002 Zoledronate Pain 2005 Right mandible ~ 4.4-4.5-4.6 2004 2004
(Apr) (Nov) (Jan) (Oct) (Apr)

N.M. Pamidronate 2002 2003 Zoledronate Pain 2005 Left maxilla 2.6 2005 2005
(Mar) (Feb) (Apr)

FL. Zoledronate 2004 - - Pain 2005  Right mandible 4.5 2005 2005
(Jan) (Feb) (Jan)

T.S. Pamidronate 1999 2001  Zoledronate Pain- Paresthesia 2004  Left mandible Implants 2004 2003
(Feb) (May) lower lip (Oct) left mandible (Nov) (Jul)

S.A.  Zoledronate 2003 - - Pain 2004  Right mandible 45 2005 2005
(Jun) Jun)  (Apo)

M.A. Zoledronate 2002 - - Pain- Bleeding- 2005 Left mandible 3.5 2005 2005
Paresthesia (Feb) (Mar) (Mar)
lower lip

BJ. Pamidronate 2002 2003 Zoledronate Pain 2005 (Feb) Left mandible - - 2005

(Dec) (Nov) (Jul)
B.F.  Zoledronate 2003 - - Pain 2005  Left-Right maxilla - - -
(Oct) (Sep)

C.R. Pamidronate 2004 2004 Zoledronate Pain 2005 Left mandible - - -
(Jul) (Oct) (Dec)

FV. Zoledronate 2003 - - Pain 2005 Right-Left maxilla 1.6 2005 2004
(Dec) (Aug) (Aug) (Mar)

(continued)
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Table 2. Bisphosphonates therapy and clinical aspects of bone necrosis

Therapy Start  Replacement ~ New Symptoms ~ Beginning Site of Dental ~ Time of End of
therapy  therapy therapy of symptoms bone extraction  dental therapy
necrosis extraction
FP. Alendronate 2002 - - Pain 2005 Left mandible 3.5 2005 2005
(Jul) (Jub)
G.L. Zoledronate 2004 - - Pain 2005 Right- 1.5 2005 -
(Aug) (Apr) Left maxilla (Feb)
G.E. Pamidronate 1999 2002 Zoledronate Pain 2005 Right mandible 4.6 2005 2004
(Nov) (May) (Jul) (Dec)
M.A. Alendronate 2003 - - Pain 2006 Right maxilla 1.7 2005 2006
(Oct) (Jan) (Dec) (Mar)
MR. Zoledronate 2005 - - Pain 2006  Right mandible - - -
(Feb) (Mar)
PA. Pamidronate 2003 2004 (Dec) Zoledronate Pain 2006 Left maxilla - - -
(Dec) (Feb)
PM. Zoledronate 2005 - - Pain 2006 Right mandible - - -
(May) (Jan)
R.I. Zoledronate 2004 - - Pain 2005 Right mandible - - -
(Jan) (Ju)
SI  Alendronate 2001 - - Pain 2005  Right mandible 4.6 2005 2005
(Jan) (Jul) (Sep) (Sep)
S.A. Zoledronate 2004 - - Pain 2005  Right mandible 4.7 2005 -
(Sep) (Jun) (Ju)
TF. Zoledronate 2004 - - Pain- Paresthesia 2005 Right mandible 4.6 2005 -
(Oct) lower lip (Aug) (May)
TR. Zoledronate 2005 - - Pain 2005 Medial maxilla - - -
(Jun) (Jan)
TM. Zoledronate 2005 - - Pain-Paresthesia 2006 Right-Left maxilla- ~ 3.5-3.6 2005 2006
(Oct) lower lip- Abscess  (Jan) Left mandible (Oct) (Mar)

while the second chain determines the efficacy of the
bisphosphonates (4, 5). Pamidronate and zoledronate
are nitrogen-containing bisphosphonates which inhi-
bit the enzymes of the mevalonate pathway (6). Bi-
sphosphonates are absorbed, stored and excreted un-
changed from the body; their plasma half-life is short
(between 20 minutes and 2-3 hours), while their bone
half-life is very long (from months to years). About
50% of the absorbed drug is located in the bone, with

a high affinity for bone areas where bone resorption
and formation is taking place (7). The action of bi-
sphosphonates is related to their effect on osteoclasts
and to the resorption of bone, limiting the tumour
growth. Bisphosphonates also cause the apoptosis of
tumor cells through their action on the mevalonate
pathway (4, 8, 9). Moreover, nitrogen bisphosphonates
(pamidronate and zoledronate) have shown the ability
of inhibiting the adhesion of tumor cells to and over
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Figure 1. Bone necrosis of the left mandible in a female patient
(S.C.) with bone metastasis under treatment with pamidrona-
te and zoledronate.

Figure 2. Treatment of the patient S.C.: surgical curettage with
removal of the bone sequestrum (sequestrectomy).

Figure 3. Radiographic view of the osteonecrosis of the right
mandible in a female patient (B.L.) with bone metastasis un-
der treatment with pamidronate and zoledronate.

Figure 4. Bone necrosis of the left maxilla in a female patient
(R.C.) with liver and bone metastasis under treatment with
zoledronate.

Figure 5. Post-surgical view of the left maxilla (R.C.) 3

months after the treatment.

bone matrix in vitro. Bisphosphonates also inhibit va-
rious metalloproteinases (MMPs) (such as MMP2-9-
12) involved in cancer growth and metastasis 17 vitro
(10-11). The reduction of osteoclastic activity reduces
bone resorption and therefore bisphosphonates are
used in multiple myeloma. Bisphosphonates are also
used for reducing hypercalcemia in some malignancies
and osteolysis in bone metastasis (12-19). It has re-
cently been demonstrated that bisphosphonates inhi-
bit endothelial cell functions and that pamidronate
inhibits not only bone resorption and bone loss, but

also bone blood flow (20-21).
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Figure 6. (A and B): Low power appearance of a sequestrated
necrotic bone showing clusters of microorganisms (arrow) dif-
fusely filling the medullary space as well as a granulocytic in-
filtrate (arrowhead). Haematoxylin and Eosin, original magni-
fication x4; (B): Detail of A. A fragment of necrotic cancellous
bone (asterisk) is surrounded by colonies of Actinomyces appea-
ring as filamentous microorganisms (arrow). PAS, original ma-
gnification x20.

Nitrogen-containing bisphosphonates are more
active than other non-nitrogen-containing bispho-
sphonates such as etidronate, residronate and tiludro-
nate and do not generally cause bone necrosis. These
oral bisphosphonates are potent osteoclast inhibitors
and are not as effective in malignant osteolytic disea-
se (22); furthermore, pamidronate and bisphosphona-
tes are not metabolized.

Recently, several authors reported bone necrosis
of the jaws associated with bisphosphonate use (22-

29), both in patients that were treated with radiothe-
rapy or chemotherapy and in those that were not.

Our patients did not present any risk factors for
osteitis such as radiotherapy, treatment with cortico-
steroids or systemic disease, but in fourteen of them
jaw osteonecrosis developed after dental extractions
(30-33). At first, according to the oncologist, the pa-
tients interrupted the bisphosphonates therapy before
or immediately after the first oral evaluation and befo-
re surgical treatment: actually, because of the long
half-life of bisphosphonates and the lack of evidence
on discontinuation of bisphosphonates therapy once
osteonecrosis develops or before invasive dental proce-
dures, the patients continue the bisphosphonates the-
rapy. Moreover, there is no published evidence on the
efficacy of aggressive surgical treatment or hyperbaric
oxygen therapy in bisphosphonates-associated osteo-
necrosis management (34).

Based on the probable correlation between jaw
osteonecrosis and bisphosphonates, before and during
bisphosphonates therapy, a careful evaluation of the
patients and a strict collaboration between dentists
and oncologists is essential for the prevention of this
side effect. Before the beginning of bisphosphonates
treatment it is necessary to evaluate the patient’s oral
health in terms of good oral hygiene and plaque con-
trol, and appropriate restorative, endodontic, perio-
dontal and surgical treatments in order to prevent any
possible cause of infection which may reach the bone
and avoid invasive oral interventions such as dental
extractions or periodontal surgical treatments in the
near and intermediate future.

All patients already receiving bisphosphonates
should be referred to a dentist or oral maxillofacial
surgeon for a careful examination. Surgery within the
jaws, such as removal of third molar teeth or dental
implants, is strongly discouraged at this time (29).
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During November 2005 has been created in Parma a Study Group for Bisphosphonate-Associated
Osteo Necrosis (BON), which included all medical specialities related to this condition.
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