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Prevalence of bisphosphonate associated
osteonecrosis of the jaw within the field
of osteonecrosis

Abstract Objectives: Prevalence of
bisphosphonate-associated osteone-
crosis of the jaws within the catch-
ment area of a university hospital
maxillofacial unit and to review the
outcome of treatment. Methods: In a
retrospective study, all patients with
osteonecrosis, osteomyelitis and os-
teoradionecrosis treated in the period
from January 2000 to March 2005 in
the department for Maxillo Facial
Surgery at the University of Mainz,
Germany were analysed. Results:
Forty percent of the patients are
grouped to odontogenic or surgically
induced osteomyelitis. The second
largest group (28%) were patients
with osteoradionecrosis (ORN). Ten
percent of all patients developed an
osteonecrosis after treatment with bis-
phosphonates (BOJ). Eight percent
showed osteomyelitis or sequester
due to a trauma while 14% of all
patients had osteomyelitis of un-
known origin. All BOJ patients took
bisphosphonates because of metastat-

ic diseases of the bone (plasmocyto-
ma, mamma carcinoma and prostate
cancer) for up to 5 years. All had been
administered a nitrogen-containing
bisphosphonate (either pamidronat or
zoledronat). Thirteen out of the 17
patients with BOJ and 14 of the 45
with ORN reported a possible trigger
like previous tooth extraction, pres-
sure denture sore or periodontal dis-
eases. Conclusion: These findings
support the association of bisphos-
phonate therapy and osteonecrosis of
the jaw. The importance of this new
disease is characterised by the grow-
ing number of patients. The role of
dental trigger factors and the poor
surgical outcome both seem to justify
a prophylactic dental care concept in
high-risk patients.
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Introduction

Bisphosphonates can be grouped into nitrogen-containing
and non-nitrogen-containing bisphosphonates (Table 1).
Currently, they are the most important anti-resorptive
agents used in the treatment of metabolic bone diseases,
metastatic diseases to the bone, hypercalcemia, Paget’s
disease and osteoporosis [1]. Known since the 19th
century, they were first synthesised in 1865. The therapeu-
tic efficiency was improved by chemical modifications of
the molecule [2]. Effects of bisphosphonates are inhibition

of osteoclasts, adhesion of tumour cells to mineralised
bone, inhibition of tumour cell proliferation and infiltration
[3, 4]. Furthermore, apoptosis of tumour cells is induced
and cytotoxic T cells are stimulated [5].

Because of their low lipophilicity, bisphosphonates are
poorly resorbed from the gastrointestinal tract [6]. About
50% of the resorbed dose bind to bone; the rest is
immediately eliminated by the kidneys without metabo-
lisation. The half-live period of bisphosphonates in
plasma is a few hours [7, 8] but in the bone, about
10 years [6].
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Bisphosphonates specifically bind to hydroxyapatite and
are ingested by osteoclasts, in which the drugs influence
cell functions. Non-nitrogen-containing bisphosphonates
are built into the ATP molecule and finally have a cytotoxic
effect, whereas nitrogen-containing bisphosphonates in-
hibit the cholesterol synthesis. By both mechanisms, the
osteoclast’s signal transmission is disturbed [9, 10].

Known side effects of bisphosphonates are local
damages of the mucous membrane, gastrointestinal bleed-
ings, abdominal pain, perforating ulcera ventriculi, vom-
iting and oesophagitis. Recently, articles of a new side
effect of bisphosphonates have been published. The first to
describe the new phenomenon was Marx in 2003 [11] who
reported 36 cases of painful bone exposure (Fig. 1) in the
mandible, maxilla or both. These lesions were resistant to
any kind of surgical or medical treatment. The patients in

this report received bisphosphonates because of plasmo-
cytoma, breast carcinoma or osteoporosis. In 78%, a dental
treatment was described before the bone exposure. In this
period, further episodes were reported [12–15].

Several theories on necrosis development are being
discussed in literature. Important factors seem to be the
bisphosphonate’s anti-angiogenetic potency [16–18] and
the effect on osteoclasts [19]. Moreover a possible effect on
osteoblasts [20] and osteocytes [21] is discussed. A typical
histologic pattern is patchy areas of necrosis in contrast to
the osteoradionecrosis where larger areas are affected [22].
It is interesting that the bone necrosis has only been
described for the jaws. One reason might be the increased
danger of contamination with bacteria by direct contact to
the bone, e.g. after tooth extraction, periodontic lesions or
pressure denture sore. It should be noted that a similar
symptomatic has been described as phossy jaw by Dearden
in 1899 in workers producing matches [23].

As therapy is critical, prevention seems to play an
important role. It is accepted that necrotic areas should be
removed and covered with soft tissue [15]. Several
differential diagnoses exist. These are osteoradionecrosis,
trauma-induced infections of the bone, surgical and
odontogenic infections together with infections and necro-
sis of unknown origin.

In several case series, the existence of this special
disease has been described and is generally accepted. On
the other hand frequency and relevance are often discussed
in controversy. The purpose of this study was to describe
the demographic and clinical parameters of patients that
were hospitalised due to osteonecrosis of the jaws. The
specific aim of the study was to obtain data on the
prevalence of bisphosphonate-associated osteonecrosis of
the jaws and to report on the outcome of treatment.

Materials and methods

Study population and design

In this retrospective study, all patients who were treated in
the Clinic of Oral and Maxillofacial Surgery at the
University of Mainz, Germany in the period from January
2000 to March 2005 were comprised, who fulfiled the
following criteria: (1) The clinical or clinical and histopath-
ological diagnosis was either osteonecrosis, sequester or
bone infection. (2) Located at the mandible, maxilla or both.
In detail, a PC based searching algorithm for diagnosis and
treatment procedures was applied to all patient records of the
concerning years. Using these criteria, 163 patients were
included. All patient records were evaluated and patients
were allocated into five groups:

– Bisphosphonate associated necrosis: all patients with
osteonecrosis, sequester or bone infection and a
bisphosphonate anamnesis were included. Addition-

Fig. 1 This clinical photograph shows exposed bone of the maxilla.
A large area distal and a second smaller area mesial. The patient
took bisphosphonates for 4 years because of a mamma carcinoma
with multiple metastasis

Table 1 Nitrogen-containing and non-nitrogen-containing bisphosphonates

Nitrogen-containing
bisphosphonates

Non-nitrogen-containing
bisphosphonates

Aledronat Etidronat
Ibandronat Tildronat
Pamidronat Clodronat
Residronat
Zoledronat
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ally, all patients with concomitant diseases that
potentially indicated the use of bisphosphonates (breast
cancer, plasmocytoma, prostate cancer, Paget’s disease
or osteoporosis) were phoned and their physicians
were asked for a drug history to identify the possible
use of bisphosphonates. Patients fulfiling these criteria
(diagnosis plus anamesis) were included in this group.
As histopathological criteria for bisphosphonate os-
teonecrosis are not yet available, the diagnosis was
done primary clinical due to anamnesis and supported
histopathologically if possible.

– Osteoradionecrosis: patients with a history of head
and neck cancer treated surgically and with postop-
erative radiation therapy who developed in the
aftermath osteoradionecrosis were included into this
group. The diagnosis was clinical, radiological and
histolopathological.

– Traumatainduced infections: patients with a previous
trauma and consecutive fracture of the bone but with
no bisphosphonate or radiation in anamnesis were
assorted in this group. The diagnosis was clinical and
radiological.

– Surgical and odontogenic infections: patients with a
history of dental surgery or dental infections with
osteomyelitis or sequester not belonging to one of the
above named groups were assorted in this group.

– Infections and necrosis of the bone of unknown origin:
patients who presented none of the above criteria.

From all patient histories, the following data were
extracted: patients’ age, gender, localisation and chronologic
appearance. For the bisphosphonate group, the kind of
bisphosphonate that was applied and possible triggers like
tooth extraction or periodontal diseases were recorded.

The groups were compared concerning number of
patients, demographic data and localisation. Due to the
explorative character of this study, the statistical analysis
was restricted to a descriptive analysis only.

Results

Demographic data of the patients are given in Table 2. The
largest number of patients (40%) is found in the group
odontogenic or surgically induced osteomyelitis. The
second largest group (28%) were patients with osteoradio-

necrosis. Ten percent of all patients developed an osteo-
necrosis after treatment with bisphosphonates. Eight
showed osteomyelitis or sequester due to a trauma while
14% of all patients had osteomyelitis of unknown origin.
The average age of patients in the bisphosphonate group is
the highest with 64 years. Patients with osteoradionecrosis
show an average age of 58 years. The bisphosphonate
group and patients with unknown origin of the osteone-
crosis contains more female patients than male patients.
The trauma and osteoradionecrosis groups mainly con-
sisted of male patients.

The majority of patients (n=9) of the bisphosphonate
group had first received pamidronat followed by zoledro-
nat. Two patients took zoledronat and later ibandronat. One
patient took pamidronat only, another one received
pamidronat which was disrupted by a phase with
zoledronat. The remaining four patients took zoledronat
only. In all patients, the medication was applied at least for
1 year and for a maximum of 5 years until the necrosis
developed (Table 3). In the years 2000 and 2001, no patient
with bisphosphonate-associated necrosis was seen at our
clinic. In the next years, the number of patients increased
by every year: 2002, two patients; 2003, four patients;
2004, eight patients. In 2005, 17 patients were seen, of
which three were included into this study due to the
proposed time period. The patient numbers in the other
groups were not changing over the years. Taking this into
account, the number of patients with bisphosphonate-
associated necrosis has exceeded the number of patients
with osteoradionecrosis in the year 2004 and is constantly
growing. In 2005, it has become the major reason for
osteonecrosis in our group of patients.

The bisphosphonates were administered because of
plasmocytoma (nine patients), mamma carcinoma (seven
patients) and prostate cancer (one patient). Thirteen
patients out of the 17 patients with bisphosphonates-
associated osteonecrosis reported possible trigger factors.
They underwent prior dental treatment or reported pressure
denture sore or periodontal diseases before a necrosis
developed. No obvious dental or surgical reason was
detected in the other cases. In the group of patients with
osteoradionecrosis, only 14 out of 45 patients (31%) had
trigger factors as described above.

In all patients, the bisphosphonate necrosis was resistant
to conservative therapy like medical treatment with
antibiotics and local treatment with disinfection. The

Table 2 Alltogether 163
patients were separated to five
groups

Ten percent of the patients
suffered from a bisphosphonate-
associated osteonecrosis. The
mandible was more often
affected than the maxilla.

Group Patient number Age (year) Gender ratio Localisation

Male to female Mandible Maxilla Both

Bisphosphonate 17 (10%) 64±12.6 3:7 12 4 1
Osteoradionecrosis 45 (28%) 58±10.2 8:2 43 1 1
Trauma 13 (8%) 44±14.3 7:3 13 0 0
Odontogenic/surgical 65 (40%) 51±15.2 1:1 53 12 0
Unknown origin 23 (14%) 46±25.9 3:7 22 0 1
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treatment data of the patients is given in Table 3. Surgical
treatment with decortication, sequestrotomia with soft
tissue covering was performed in all cases, if the general
status of the patient allowed it. Out of the 15 patients who
underwent surgical therapy until March 2005 only two had
no relapse.

Discussion

In this study, the prevalence of bisphosphonates-associated
necrosis of the jaw related to the population of patients with
osteonecrosis in the time period of the last 5 years was
evaluated. During this time period, the overall prevalence
was 10%. But with constantly growing incidence in the last

Table 3 Data of patients treated with bisphosphonates

In. Date of
birth

Gender Date of
first
diagnose
ONJ

Localisation Trigger Therapy Therapy
success

Major disease Bisphosphonate Since

GE 16.12.49 F 08/03 Maxilla Extraction Local revision Exitus
letalis −

Mamma ca Zometa 09/02–09/03

AH 21.09.30 F 09/03 Mandible Unknown Sequestrectomy
partial resection
of the maxialla

Exitus
letalis −

Plasmocytoma Aredia 04/00–12/02
11/03 Maxilla Zometa 01/03–exitus

letalis
IH 14.04.32 F 02/05 Mandible Denture Local revision − Plasmocytoma Aredia 02/99–04/04

Pressure
sore

Pamidronat 04/04–now

UH 06.02.30 F 11/04 Mandible Extraction Local revision Exitus
letalis −

Mamma ca Aredia xx/xx–07/01
Zometa 07/01–11/04

HH 26.06.32 F 11/03 Mandible Extraction Decortication − Mamma ca Zometa 07/02–02/04
Bondronat 02/04–now

BK 07.07.33 F 04/04 Maxilla Extraction Sequestrectomy + Plasmocytoma Aredia 10/99–07/00
11/04 Maxilla Zometa 07/00–07/04

CK 21.09.59 F 02/04 Mandible Unknown No therapy Exitus
letalis −

Mamma ca Zometa 08/02–exitus
letalis

HK 24.01.36 F 05/04 Maxilla Extraction Decortication − Mamma ca Aredia 12/00–09/02
Zometa 09/02–01/05

AM 24.09.51 F 02/05 Mandible Unknown Local revision − Plasmocytoma Aredia 08/02–09/02
Zometa 09/02–now

MM 29.09.19 F 06/04 Mandible Unknown Marginal and
segmental
resection

− Plasmocytoma Zometa 11/02–05/04

PM 11.08.39 M 07/03 Mandible Extraction Sequestrectomy + Plasmocytoma Aredia Since 11/01
Maxilla Zometa Since 09/02

Aredia Since 01/05
HM 15.12.45 M 10/04 Mandible Unknown Local revision − Plasmocytoma Aredia 08/02–09/02

Zometa 09/02–now
IS 09.12.48 F 11/04 Maxilla Par Sequestrectomy − Mamma ca Aredia 03/00–09/02

03/05 Mandible Zometa 09/02–10/04
MZ 30.09.23 F 01/05 Mandible Par Local revision − Mamma ca Zometa 10/02–08/04

Bondronat 08/04–now
MAS 03.02.48 M Mandible Unknown Sequestrectomy − Plasmocytoma Aredia 04/00–08/02

Zometa 08/02–07/04
WB 02.09.24 M 04/04 Mandible Extraction Several revi-

sions; LA+GA
− Prostate ca Zometa 04/03–11/04

HG 23.10.59 M 08/04 Mandible Osteotomy Decortication − Plasmocytoma Aredia 07/02–09/03
Zometa 09/03–09/04

ONJ osteonecrosis of the jaw, F female, M male, Par periodontal disease, LA local anaesthesia, GA general anaesthesia, positive sign (+)
therapy success, negative sign (−) no therapy success, ca carcinoma
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2 years, it has in 2005 become the major reason for
osteonecrosis in our group of patients. All patients with
bisphosphonate-associated necrosis were administered ni-
trogen-containing bisphosphonates. These findings align to
data from case reports [11, 14]. Pamidronat and zoledronat
seem to provoke the development of osteonecrosis. The
problem in the interpretation of the data is that the overall
incidence of bisphosphonate-associated osteonecrosis is
unknown. Even the prevalence within the group of patients
regularly taking bisphosphonates is not known yet.

The clinical entity of bisphosphonate associated osteo-
necrosis has been described only recently in 2003. This
correlates with the findings in our clinic. In the aftermath
the number of patients increased at our clinic. Aledronat
was first used in Germany in 1996, pamidronat in 1999 and
zoledronat in 2001. In our patients from the very beginning
of the ingestion of the drug to the appearance of the
necrosis the time period was 1 to 5 years.

The average age of the patients reflects the age of the
patients with the underlying diseases. A major part of
tumours of the head and neck region occur between the
fifth and sixth decade [24]. Breast cancer, prostate
carcinoma and plasmocytoma are malign diseases of the
advanced age. This is of relevance because of the therapy
decision. Often, therapy options are limited due to the
associated diseases.

In contrast to the largest case series, where 13% of the
patients received bisphosphonates because of osteoporosis
[14], in our study, all patients took the bisphosphonate
within the scope of malignant diseases. The genesis of this
special osteonecrosis is discussed controversially in the
literature. Osteonecrosis can appear with prostate cancer
[25], breast cancer [26] or in any way with malignant
diseases [27]. The therapy resistance of bisphosphonate-
associated osteonecrosis compared to osteonecrosis of
other origin is of considerable interest. Eventually, a
bisphosphonate therapy in combination with cytostatic
therapy nurtures the development of osteonecrosis.

In general, the mandible is affected by the osteonecrosis
comparable to the osteoradionecrosis [28–30]. A reason for
this might be the more critical blood circulation of the
mandible [30]. A further factor for the bisphosphonate-
associated osteonecrosis is the anti-angiogenetic potency

[16, 18] that could boost this mechanism. The endothelial
proliferation is inhibited by bisphosphonates. One can
assume that the bone’s blood circulation is altered.

Conspicuous is the existence of trigger factors (dental
origin) in a large number of bisphosphonate-associated
osteonecrosis. A contamination of bacteria to the bone is
possible via pressure denture sores, extraction alveolus or
periodontal diseases. According to, this very often, a tooth
extraction is reported in the anamnesis [31]. In contrast,
osteoradionecrosis seems to appear more often sponta-
neously. Risk factors for the development of osteoradio-
necrosis are the tumour’s localisation, the kind of
operation, the total dose of radiation, the applied daily
dose of radiation, the radiation modus and the dental status
[29]. This difference between osteoradionecrosis and
bisphosphonate-associated necrosis is that the former
received special dental care before irradiation, which
often involves preventive teeth extraction. Moreover, these
patients are well cared during and after the period of
radiation [32]. With respect to the high number of patients,
who reported a dental trigger factor, a special dental
hygiene and treatment plan should be considered before
the administration of bisphosphonates. An additional risk
factor might be the combination of bisphosphonate
therapy and radiation as it is discussed for patients with
prostate cancer or plasmocytoma [33, 34]. In our study,
only two patients have responded to the treatment until
now. This resistance to therapy is discussed in literature
as a characteristic point of bisphosphonate-associated
osteonecrosis [14, 35].

As a clinical conclusion, with respect to the difficulties
in treatment of bisphosphonate-associated osteonecrosis
and the high rate of trigger factors, the prevention of this
clinical problem should be focused. Due to the rising
prevalence in the last 2 years, a dental examination at the
beginning of a new bisphosphonate therapy with adequate
restorations seems to be reasonable. The patients should be
instructed in sufficient mouth hygiene and informed about
the possible risk for osteonecrosis. The next important
scientific step might be to estimate the incidence of
bisphosphonate-associated osteonecrosis and calculate the
value and benefit of prophylactic measures.
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