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Question: Bisphosphonates are frequently used
drugs in the adjuvant therapy of bone metastases
and tumour-induced hypercalcaemia, but also for
osteoporosis or Pagets disease. Several publica-
tions within the last three years considered os-
teonecrosis of the jaws to be connected with bis-
phosphonate therapy. Until today possible treat-
ment strategies contain antibiotics, hyperbaric
therapy and operative treatment. The tendency of
healing however seems to be extremely poor. All
clinicians should be aware of this new kind of side
effect of bisphosphonate therapy.

Methods: 14 patients with this new kind of
osteonecrosis were admitted to the department 
of Cranio-Maxillofacial Surgery of the University
Hospital of Zurich. 8 men and 6 women all re-
ceived bisphosphonates for cancer therapy. A com-
plete analysis of patients’ data was performed.

Results: Of 14 patients in 7 the underlying dis-

ease was multiple myeloma. In one patient it was
prostate cancer and in all female patients it was
breast cancer. All of them had prior dental treat-
ment and showed inflammatory signs and bacter-
ial colonisation with localisation in the upper or
lower jaw or in both.

Conclusion: The infectious part of the bisphos-
phonate-induced osteonecrosis (ONJ) is consid-
ered to be more important than thought before.
We presume that antimicrobial treatment is of
utmost importance in the treatment of this kind 
of osteonecrosis. Patients with current or pre-
vious bisphosphonate therapy should be treated
multidisciplinary to assure ideal prevention and
treatment. 
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In 2003 R. Marx presented 36 cases with a new
kind of extremely therapy resistant osteonecrosis
of the jaws. Because the only thing in common was
bisphosphonate therapy, Marx concluded an asso-
ciation between this medication and the occur-
rence of osteonecrosis. [1] Until today many other
authors have presented their series, as shown in
table 1. 

In April 2005 the “issue” osteonecrosis has
been admitted to the general information of 
the worldwide most frequently intravenously 
administered bisphosphonates zoledronic acid
(Zometa®, Novartis Pharma GmbH, Basel) [2] and
pamidronate (Aredia®, Novartis Pharma GmbH,
Basel) [3].

Bisphosphonates are a group of drugs, which
have been discovered in the late 60s for treatment
of diseases with undesirably high bone resorption
rates, such as Paget’s disease, tumour-induced

hypercalcaemia and treatment of bone metastases,
for example in multiple myeloma, breast cancer 
or prostate cancer. In the last several years oral
bisphosphonate preparations like alendronate
(Fosamax®) have been frequently used for the
treatment of osteoporosis. 

Bisphosphonates bind to calcium ions in zones
of high bone resorption, being integrated into the
bone for up to 10 years. Partially they are inter-
nalised by pino- or phagocytosis in cells like osteo-
clasts, osteoclast-percursors, but also in cells like
macrophages, osteoblasts and chondroblasts.
Once internalised they affect a multitude of bio-
chemical processes resulting in a loss of osteo-
clasts’ ability to resorb bone or even their apopto-
sis [4–7]. In addition antiangiogenetic effects and
direct interaction with tumour cells have been
described [8] (figure 1).

As analogues of pyrophosphate, in which the
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oxygen atom is substituted by a carbon group, they
are highly resistant to enzymatic hydrolysis of the
human body. Property variations can be achieved

by substituting side chains. The two structural
main groups consist of amino-group containing
and non-containing bisphosphonates. Amino-
group containing bisphosphonates are up to
100–20 000 fold more potent than non-amino-
containing bisphosphonates. Until now osteo-
necrosis of the jaws has only been described 
during treatment with amino-group-containing
bisphosphonates. 

As mentioned above, bisphosphonate therapy
can be performed orally or intravenously, whereas
the standard of care for treatment of tumour-
induced hypercalcaemia and bone metastases is 
an intravenous administration of pamidronate or
zoledronic acid. The therapeutic scheme for treat-
ment of osteoporosis is an oral administration of
alendronate.

A few cases of osteonecrosis of the jaws have
jet been described after long term oral administra-
tion of alendronate (Fosamax®) due to osteoporo-
sis, however, most cases occurred during intra-
venous therapy (table 2) [9].

Different factors characterise this special kind
of osteonecrosis. All authors excluded the possibil-
ity that the lesion occurred as a bone metastasis
[10]. Intraoperatively the lesion presented solid,
without the typical appearance of chronic osteo-
myelitis including bony sequestration. In con-
trast to radioosteonecrosis there was no preference
for the mandible. It appeared in both the mandible
and the maxilla. Up to now there is a general 
consent that the occurrence of this osteonecrosis
is correlated with a previous dental treatment. The
lesions seemed to be extremely resistant to any
kind of surgical and conservative treatment and 
patients sometimes suffered from strong pain or
from hypaesthesia of the alveolar or infraorbital
nerve (figure 2).

Author year number of cases

Wang [20] 2003 3

Marx [1] 2003 36

Schwarz [21] 2004 15

Ruggiero [9] 2004 63

Lugassy [22] 2004 3

Hoefert, Eufinger [23] 2005 7

Melo [24] 2005 1

Bagan [10] 2005 10

Schirmer [25] 2005 6

Migliorati [15] 2005 17

Table 1

Overview of pre-
sented cases with
osteochemonecrosis
of the jaw.
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Figure 1

Chemical structure 
of bisphosphonates.

Agent trade name Indication application

pamidronate Aredia® malign bone resorption 90 mg in an hour monthly (iv)

zoledronic acid Zometa® malign bone resorption 4 mg in 15 minutes monthly (iv)

Alendronat Fosamax® Osteoporosis 70 mg weekly (10 mg daily) orally

Table 2

Overview of fre-
quently used Amino-
bisphosphonates 
and application.

Figure 2

Bisphosphonate
associated os-
teonecrosis of the
jaw after inserting 
a new prosthesis.

Patients and methods

In the department of Cranio-Maxillofacial Surgery of
the University Hospital of Zurich 14 patients with bisphos-
phonate-induced osteonecrosis of the bone were treated
within the last two years. 5 patients were referred by den-
tists, 4 patients by oral or maxillofacial surgeons, 3 patients
by oncologists, 1 patient by a radiooncologist and 1 pa-
tient came autonomously. An analysis of data of 14 patients
(8 male and 6 female patients) was performed. All of them

suffered from bone metastases and hypercalcaemia, for
which they had been treated with an intravenous admin-
istration of bisphosphonate. Seven males suffered from
multiple myeloma, one from prostate cancer and all fe-
males from breast cancer. 

The following figure shows kind and distribution of
primary disease (figure 3).

multiple myeloma

prostate cancer

breast cancer

Figure 3

Distribution 
of primary disease 
of patients.
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Results

The average age of the patients at the time of
diagnosis of osteonecrosis was 65 years with a
range from 37 years to 79 years. All patients re-
ceived different chemotherapeutic agents and cor-
ticosteroids in their medical course. In 4 patients
with multiple myeloma autologous stem cell trans-
plantation was performed.

Table 3 shows a survey of disease, risk factors
and the type of bisphosphonate therapy. The aver-
age duration of bisphosphonate therapy until oc-
currence of osteonecrosis was 38.7 months with a
range from 12 to 71 months. In 5 patients bisphos-
phonate medication was stopped after occurrence

of lesions, whereas in 9 patients treatment was con-
tinued. 

History of lesions: In all patients the osteonecro-
sis presented at the identical site where previously
dental treatment was performed. In 10 patients
dental extractions were performed, 3 patients re-
ceived a new prosthesis and one patient underwent
endodontic treatment. The average time of occur-
rence after dental treatment was 6.6 months (range
1 week to 36 months). 

Clinical presentation: The most common find-
ing was uncovered, necrotic bone presenting in
thirteen patients. Eleven patients suffered from
acute, strong pain or discomfort. Six patients pre-
sented hypaesthesia of the inferior alveolar nerve.
Three patients had acute soft tissue abscesses at
confinement whereas one more patient developed
an abscess during osteonecrosis. Inflammatory
signs could be found in all (figure 5).

Localisation of lesions: In nine patients the le-
sions occurred in the mandible, in two the lesions
occurred in the maxilla, whereas in three patients
they occurred both in the mandible and in the max-
illa (figure 6).

Histopathological findings: The presence of bone

patient underlying disease nicotine AST* corticosteroids bisphosphonate

H.W. multiple myeloma yes yes yes A**/Z***

A.P. multiple myeloma n.s. no yes A/Z

O.T. multiple myeloma n.s. yes yes A/Z

W.K. multiple myeloma no no yes Z

Z.A. multiple myeloma n.s. no yes Z

V.K. multiple myeloma yes yes yes A/Z

B.H. prostate cancer yes no yes Z

M.E. multiple myeloma yes yes yes Z/A

S.O. breast cancer no no no Z

D.M. breast cancer no no no A/Z

H.K. breast cancer no no yes Z

M.T. breast cancer yes no n.s. Z

A.V. breast cancer no no yes Z

F.M. breast cancer yes no n.s Z

* AST = autologous stem cell transplantation   **A = Aredia® *** Z = Zometa®

Table 3

Overview of under-
lying disease, risk
factors and bisphos-
phonate therapy.

extraction new prothesis endodontic treatment

Figure 4

Previous dental 
treatment 
(n = 14 patients).

3
1
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Figure 5

71-year-old patient
presenting with acute
soft tissue abscess as
clinical presentation
of bisphosphonate-
induced osteonecro-
sis of the jaws.
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metastases of the jaw has not been identified for
any of our 14 patients. In necrotic bone fragments
acute and chronic inflammatory changes with
medullary fibrosis, plasma cell infiltration and
colonisation with pathogens could be diagnosed
histopathologically.

Microbiological findings: In six patients a com-
plete microbiological examination was performed
and fungous and bacterial colonisation with actin-
omycosis, entercoccus, candida albicans, haemo-
philus influenza, a-haemolytic streptococci, lacto-
bacillus, enterobacter and klebsiella pneumoniae
was investigated. 

Therapy strategy: Table 4 shows a survey of the
administered surgical and conservative treatments. 

Figure 6

Site of osteonecrotic
lesion in our 14 pa-
tients.
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patient therapy medication course

H.W. decortication antibiotics partial resection mandible

A.P. conservative antibiotics steady

O.T. conservative antibiotics improvement

W.K. decortication antibiotics steady

Z.A. smooth bone antibiotics fistula

V.K. smooth bone antibiotics steady

B.H. smooth bone antibiotics complete remission

M.E. incision, drainage antibiotics improvement

S.O. conservative antibiotics steady

D.M. decortication antibiotics steady

H.K. decortication antibiotics improvement

M.T. decortication antibiotics progressive

A.V. incision, drainage antibiotics steady

F.M. incision, drainage antitbiotics partial resection mandible

Table 4

Performed therapy
and further course.

Discussion

About 2 million people worldwide are treated
with bisphosphonates as part of cancer therapy.
Another huge number of patients is treated with
bisphosphonates in oral application for osteoporo-
sis. Exact data of osteonecrosis’ occurrence as ad-
verse event is still missing. In May 2005 Novartis
reported in an official declaration 475 cases of bis-
phosphonate-induced osteonecrosis of the jaws
worldwide including 14 cases in Switzerland [11].
This number, however, does not reflect reality, as
since May 2005 14 patients have already been ad-
mitted to the Department of Cranio-Maxillofacial
Surgery of the University of Zurich. In 2003 Taras-
soff et al. reported that osteonecrosis of the jaws
was approximately 4 times higher in a cancer pop-
ulation of whom many received bisphosphonate
therapy. Whereas this finding does not indicate
any obvious relationship between these two issues,
all of our patients suffered from cancer [12]. But
due to the fact that osteonecrosis of the jaw (ONJ)
only occurs in the presence of osteoporosis ther-
apy and not in its absence, ONJ has been finally
accepted as adverse event of bisphosphonate ther-

apy [9, 11]. Another striking interesting factor was
described by Hellenstein et al. who introduced the
term “phossy jaw of the 21st century” [13]. They
found parallels to the ONJ of match factory work-
ers in the 19th century. 

Until today it remains unclear whether osteo-
necrosis or infection of bisphosphonate-treated
bone occurs first. Most authors described a bisphos-
phonate-induced necrotic bone with superinfec-
tion [1, 10, 14]. They discussed avascular necrosis
of the bone and focused on antiangiogenetic effects
of bisphosphonates as causing agents [9, 15, 16].

Inflammatory signs and direct pathways for
pathogens from the oral cavity into the bone could
be found in all our patients by tooth extraction,
new prosthesis or endodontic treatment. Some-
times a long time passed between dental treatment
and appearance of necrotic bone, but the location
was identical in all patients (figure 7).

The microbial investigation revealed patho-
gens of the physiological flora of the oral cavity 
as actinomyces, lactobacillus, candida glabrata and
others causing aggressive infection in the bone and
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surrounding soft tissue. These findings suggest that
not biphosphonates alone cause ONJ. With other
synergistic factors such as microbial oral flora, they
play a key-role in the pathogenesis of this new type
ONJ in those delicate patients (figure 8).

Due to previous chemotherapy patients were
immunocompromised, therefore more susceptible
to infections. Bisphosphonate therapy induced loss
of bone resorption and caused antiangiogenetic ef-
fects. Additionally an antiinflammatory effect of
bisphosphonates has been described. They were
shown to inhibit cytokine production and affect
the monocyte-macrophage system [4, 7]. Loss of
forearm bone density was reported after intra-
venous pamidronate therapy [17].

In his explanations of the bis-phossy jaw, Hel-
lenstein mentioned a bacterial based component of
the disease process of osteonecrosis among match
factory workers in the 19th century [13]. He em-
phasised this factor as one of the big differences
with osteoradionecrosis of the jaws [13, 18].

Treatment of the resulting necrotic bone

remains difficult. Marx considered palliation and
osteomyelitis control to be of utmost importance
in treating those lesions [1]. Ruggiero et al. re-
ported that in surgical therapy of patients with
widely exposed bone it was difficult to find sur-
gical margins with vital, visibly bleeding bone.
Therefore they recommended surgery only in
symptomatic patients, whereas asymptomatic pa-
tients with limited areas of uncovered bone should
be treated conservatively with irrigations and an-
tibiotic therapy [9]. This is a treatment strategy
confirmed by others as well. 

There is a general agreement that prevention
of osteochemonecrosis seems to be most auspi-
cious. Prevention measures are:
– no invasive dental treatment during bisphos-

phonate therapy 
– a screening examination and dental rehabili-

tation before starting the treatment with bis-
phosphonates, thereby preventing invasive
dental treatment during the period of bisphos-
phonate therapy [12, 14, 19]

Figure 7

Clinical appearance
of osteonecrosis
dependent on prior
dental treatment.

Immunocompromised
patients Bisphosphonates Local trauma

Dental treatment

cancer antibone resorptive

multiple
chemotherapies

antiantiogenetic

Invasion of pathogens

antiinflammatory

structural changed
bone

immunodeficiency

Osteomyelitis and Osteochemonecrosis

Figure 8

Schematic demon-
stration of accumu-
lating factors for
development of
osteonecrosis.

Figure 9

53-year-old patient
with bisphosphonate-
induced osteonecro-
sis after extraction 
36 months prior 
to assignment.
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Our findings confirm the prevention measures
and treatment strategy mentioned above. 

The 53-year-old patient with multiple
myeloma was referred by his dentist 36 months
after a dental extraction prior his first appoint-
ment. Acute osteomyelitis was diagnosed. Our
treatment included several interventions such as
sequestrectomy and decortication. As there was no
improvement a partial resection of the mandible
with visibly bleeding resection margins was per-
formed (figure 9).

After resection the patient showed another
infectious exacerbation of the soft tissue and still
newly exposed necrotic bone. Actinomyces as
causing pathogen was diagnosed. The patient was
then treated with penicillin for 6 months and local
antiinfectious compounds. The situation im-
proved massively with intact oral mucosa and com-
pletely decreased symptoms. 

In our opinion, as mentioned above, the infec-
tious part of the affection could play a more seri-
ous role as supposed until now. We noticed that
even after successful surgery in some patients, de-
hiscence of the bone occurred later on. However,
after undergoing anti-bacterial therapy, including
antibiotics and anti-bacterial rinsing, the patients
became asymptomatic. Other patients were
treated exclusively in a conservative manner, ie
with antiinfectious measures, resulting in increas-
ing lesions and no symptoms. 

Antiinfectious treatment therefore seems to be

of utmost importance in patients suffering from
ONJ. Antibiotic regimen should be performed
according to the resistance in the antibiogram. 

Additionally anti-bacterial rinsing is recom-
mended as local treatment. If invasive dental treat-
ment is necessary during bisphosphonate therapy,
antiinfectious isolation and possibly antibiotic pro-
phylaxis are recommended. 

Osteonecrosis of the jaws during bisphospho-
nate therapy is an important, new complication of
supportive cancer therapy or even therapy of
osteoporosis. Clinicians, general practitioners,
dentists, oral and maxillofacial surgeons, oncolo-
gists, rheumatologists and gynaecologists should
be aware of this problem. Only a close teamwork
among the disciplines can guarantee optimal pre-
vention and therapy for the patients prior or
during intravenous bisphosphonate therapy. We
propose an interdisciplinary approach to obtain
further information about pathogenesis and effec-
tive treatment strategies, thereby optimising the
understanding of this new ONJ.
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