
Oral Oncology (2008) 44, 857–869
ava i lab le a t www.sc iencedi rec t . com

journal homepage: ht tp : / / in t l .e lsevierheal th .com/ journals /oron/
Bisphosphonate-induced osteonecrosis of the
jaws: Prospective study of 80 patients with
multiple myeloma and other malignancies
Thacharot Boonyapakorn a, Ingrid Schirmer a, Peter A. Reichart a,*,
Isrid Sturm b, Gero Massenkeil b
a Department of Oral Surgery and Dental Radiology, Center of Dental Medicine, Charité, University of Medicine Berlin,
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Summary A prospective study was performed in 80 patients receiving bisphosphonates in
order to determine frequency of occurrence, risk factors, clinical presentation, radiology,
pathology and proper treatment of osteonecrosis of the jaw (ONJ). Of 80 patients, 22 (28%)
developed ONJ. There were 11 male and 11 female patients. Median age was 65 years. Ten
patients (46%) had multiple myeloma (MM), 5 (23%) had breast cancer and 7 (32%) had other
malignancies. Of 22 patients with ONJ, 14 patients (64%) received zoledronate, 3 (14%)
received pamidronate, 4 (18%) received pamidronate later followed by zoledronate and 1
patient received ibandronate later followed by zoledronate. The median time of exposure in
ONJ group was 32 months compared with 27 months in patients without ONJ. The mean induc-
tion time until bone exposure was 26 months for patients who received zoledronate, 54 months
for pamidronate and 48 months for pamidronate followed by zoledronate. Thirteen patients
(59%) had ONJ with bone exposure of mandible, 6 (27%) of maxilla and 3 (14%) of both jaws.
ONJ occurred spontaneously in 5 patients (23%) and in 17 patients (77%) occurred after tooth
extractions and surgical tooth removals (P < 0.001). Nine patients (41%) had previous extrac-
tions of molars, 6 (27%) of premolars and 2 (9%) of front teeth. The cumulative hazard is signif-
icantly higher in zoledronate group (P = 0.015). It was 3.48 times higher than the other group
(pamidronate alone; pamidronate followed by zoledronate; ibandronate alone; etidronate
alone; ibandronate followed by pamidronate; ibandronate followed by zoledronate; ibandro-
nate followed by pamidronate and zoledronate). There was no association of ONJ with age,
sex, use of high-dose or conventional chemotherapy or the use of corticosteroids, thalidomide
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or bortezomib (P > 0.05). Patients diagnosed with multiple myeloma and breast cancer were
found significantly associated with ONJ (P = 0.001 and P = 0.014, respectively). Long-term use
of bisphosphonates (>2.5 years) increases the risk for development of ONJ. Intravenous appli-
cation of zoledronate and previous dental extractions or surgical tooth removals are important
risk factors of ONJ. Neither treatment with high-dose chemotherapy with autologous stem cell
transplantation nor treatment with corticosteroids, thalidomide or bortezomib is a risk factor
in this study.
ª 2007 Elsevier Ltd. All rights reserved.
Introduction
Bisphosphonates are used in the treatment of bone involve-
ment by multiple myeloma (MM),1 osteoporosis, Paget’s
disease, primary and secondary hyperparathyroidism,2

hypercalcemia related to malignancy and is useful in the
management of bone metastases.3 The current benefits of
bisphosphonates for metastatic bone disease include pre-
vention of skeletal-related events, reduction in bone pain
and improvement of quality of life.4 Bisphosphonate ther-
apy is recommended to be used for all patients with multi-
ple myeloma requiring chemotherapy, whether bone lesions
are evident or not (grade A recommendation; level Ib
evidence).5 Widely used bisphosphonates for multiple
myeloma and metastatic bone disease are pamidronate or
zoledronate.6

There is some evidence that bisphosphonates also might
have anti-tumor activity,7 as indicated by reduced skeletal
tumor burden and slower progression of bone lesions in ani-
mal models. Bisphosphonates may render the bone a less
favorable microenvironment for tumor cell growth by
reducing tumor-induced osteolysis and local release of
growth factors. They also inhibit proliferation and induce
apoptosis of a variety of human tumor cell lines in vitro.8–10

Bisphosphonates are compounds with a chemical struc-
ture based on a phosphorous–carbon–phosphorous spine,
similar to endogenous pyrophosphate but with carbon
replacing the central oxygen molecule, which allows the
accommodation of two additional side chains. Carbon con-
fers resistance to hydrolysis and degradation by osteoclasts
and yet maintains the pyrophosphate-like inhibition of bone
resorption. One of the side chains usually contains a hydro-
xyl group giving the compound a high affinity for calcium
crystals and bone mineral, thus accounting for its avid bind-
ing to the bone matrix.11 Different chemical groups at-
tached to the second free carbon bond account for the
variability in anti-resorptive potency of the bisphosphonates
and increase the therapeutic index between the desired
anti-resorptive effect2 and the unwanted effect of deminer-
alization of new osteoid.11

Bisphosphonates are specific inhibitors of osteoclastic
activity. They are non-hydrolysable analogues of inorganic
pyrophosphate that bind avidly to hydroxyapatite crystals
and are subsequently released during the process of bone
resorption.12 They have selective concentration at the
interface of the active osteoclasts and the bone-resorption
surface. The specific mechanism of this inhibition is not well
understood, but there are several actions, including inhibi-
tion of osteoclast7,13 development from precursor cells, in-
crease in number of osteoclast,14 stimulation of osteoclast
inhibitory factor, reduction of osteoclast activity, and
down-regulation of matrix metalloproteinases. The net re-
sult in reduction of osteoclastic activity reduces bone
resorption.15 However, oral bisphosphonates are poorly
absorbed.2

Generations of bisphosphonates

Bisphosphonates are categorized into two main groups: The
first-generation bisphosphonates, such as clodronate and
etidronate have been in clinical use for more than 30 years.
These groups have simple side chains attached to the cen-
tral carbon atom and have comparatively weak actions on
resorption. The second-generation bisphosphonates are
nitrogen-containing aminobisphosphonates (N-BPs), such as
ibandronate, pamidronate and alendronate. They have an
additional aliphatic side chain containing a single nitrogen
atom. Risedronate and zoledronate are the more potent
second-generation bisphosphonates. Risedronate has a het-
erocyclic ring structure and zoledronate has a five-mem-
bered imidazole ring and two nitrogen atoms, which
increases efficacy.11

Potency and efficacy

The newer nitrogen-containing bisphosphonates, such as
zoledronate, pamidronate and ibandronate, have greater
clinical activity than first-generation bisphosphonates that
lack nitrogen such as etidronate and clodronate.12 Zoledro-
nate is 100 times more potent than pamidronate16 and has
more potency in preclinical studies than any other current
bisphosphonate.17 Pamidronate has significant effect of
decreasing bone pain and is clinically safe.18 Monthly infu-
sions of pamidronate provides significant protection against
skeletal complications and so improve the quality of life of
patients with stage III multiple myeloma.19

Current reports of bisphosphonate-induced jaw
osteonecrosis

Although bisphosphonates have many clinical benefits, a
number of cases of jaw osteonecrosis have recently been re-
ported in patients receiving long-term intravenous bis-
phosphonate treatment, especially with zoledronate and
pamidronate.20–24 The first clinical reports of this complica-
tion in the literature were published by Marx20 in 36 cases at
the same time with Migliorati21 in 5 cases in 2003, by Ruggi-
ero et al.23 in 63 cases in 2004, Bamias et al.24 in 17 cases in
2005, by Schirmer et al.25 in 6 cases in 2005, by Bagan
et al.26 in 20 cases in 2006 (Table 1). The average age of



Table 1 Publications of bisphosphonate-induced ONJ

Author ONJ Bisphosphonate (n) Median time
of exposure
(months)

MM (n) Breast
Ca. (n)

Prostate
Ca. (n)

Location (n) Dental
procedure,
n (%)

n % Zo Pa Pa, Zo Etc. Man Max Both

Mortensen, 200750 7 NS 4 3 – – NS 4 3 NS 3 4 – 7(100)
Abu-Id, 200634 73 NS 68 NS 20 24 5 57 12 4 38(52)
Badros, 200631 22 24.4 2 3 17 – 100.4 90 NS NS 15 2 5 12(54.5)
Bagan, 200626 20 NS 9 3 8 – 29.9 9 10 1 11 1 8 11(55)
Bornstein, 200651 1 NS NS NS NS NS NS – – – – 1 – –
Chiandussi, 200652 11 NS 11 – – – NS 4 5 – 7 3 1 4(36.4)
Dannermann, 200653 14 NS 8 – 6 – 38.7 7 6 1 9 2 3 14(100)
Dimitrakopoulos, 200637 11 NS 6 – 4 1 6–60 5 1 2 6 4 1 7(63.6)
Dimopoulos, 200629 15 7.4 7 1 6 1 39 15 NS NS 13 2 – 10(66.7)
Farrugia, 200654 23 NS 11 4 3 5 NS 9 6 2 13 10 – 9(39)
Hansen, 200628 8 NS 1 – 6 1 7–48 5 3 – 5 3 – 6(75)
Merigo, 200655 29 NS 29 NS 12 NS NS 20 7 2 15(51.7)
Pastor-Zuazaga, 200656 3 NS 1 1 1 – NS 1 2 NS 3 – – 3(100)
Thakkar, 200627 17 NS 13 4 – – 5 NS NS NS NS NS NS NS
Zarychanski, 200642 12 NS – 12 – – 12–77 10 1 – 11 – 1 4(33.3)
Bagan, 200557 10 NS – 8 – – NS 6 4 – 5 – 5 7(70)
Bamias, 200524 17 6.7 7 – 9 1 39.3 11 2 3 14 3 – 13(76.4)
Carter, 200515 5 NS – 4 – 1 6–72 2 NS NS – 4 1 4(80)
Durie, 200536 75 6.2 NS NS NS NS 18(Zo) 62 13 NS NS NS NS 78.9%

72(Pa)
Gibbs, 200538 8 NS 7 1 – – 22 5 2 1 NS NS NS 7(87.5)
Guarneri, 200558 3 5.3 1 – 2 – 30–56 – 3 – NS NS NS NS
Hoefert and Eufinger, 200559 7 NS 1 4 – 2 NS 4 1 1 6 1 – 3(42.8)
Junod, 200560 2 NS NS NS NS NS NS NS NS NS NS NS NS NS
Marx, 200532 119 NS 48 32 36 3 9.4(Zo) 62 50 4 81 33 5 55(46)

14.3(Pa)
12.1(Pa,Zo)
36(Al)

Melo and Obeid, 200543 11 NS 4 4 3 – 34 7 3 – 8 2 1 9(81.8)
Migliorati, 200530 18 NS 8 3 6 1 25 3 10 1 NS NS NS NS
Purcell and Boyd, 200561 13 NS 9 2 1 1 1–54 3 5 4 NS NS NS NS
Sanna, 200544 10 NS 10 – 30 – 10 – 9 1 – 4(40)
Schirmer, 200525 6 NS 2 2 1 1 NS 4 2 – 4 1 1 4(66.7)
Lugassy, 200422 3 NS – 1 2 – NS 3 – – 3 – – 1(33.3)

(continued on next page)
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patients is more than 50 years or older.27,28 Long duration of
exposure to bisphosphonates seems to be the most impor-
tant risk for complications. Bamias et al.24 reported a med-
ian time of exposure of 39.3 months for patients with
osteonecrosis, whereas it was 19 months for patients with-
out osteonecrosis. In the study of Dimopoulos et al.,29 a sim-
ilar median time was found with 39 months for patients with
osteonecrosis, but 28 months (P = .048) for patients without
osteonecrosis. Migliorati et al.30 presented that all patients
had developed osteonecrosis after a mean exposure time of
25 months, in contrast Badros et al.31 presented that the
mean exposure time was 8.37 years. Both jaws can be af-
fected,20,23,30 but the most affected region is the mandi-
ble.31,32 Oral surgical procedures or tooth extractions
increase the incidence of osteonecrosis.23,31,33 However it
can occur spontaneously without history of a recent dento-
alveolar procedure.23,33

Most patients required surgical procedures to remove the
exposed jawbone, such as sequestrectomy, segmental resec-
tion of the jaw, decortication and antibiotic therapy.23,34

Purpose of the study

The aim of this study was to describe the frequency of ONJ
in patients receiving bisphosphonates, including clinical
presentation, radiologic features, pathology and treat-
ment. The risk factors for developing osteonecrosis of
the jaw such as duration of administration, type of bis-
phosphonates, dental procedures during bisphosphonate
therapy, were analysed. In contrast to previous retrospec-
tive studies the present study was designed as a prospec-
tive investigation.

Patients and methods

We investigated 80 patients receiving bisphosphonates from
the Department of Hematology and Oncology who were re-
ferred to the Oral Surgery Department for oral examination
before and also after chemotherapy or high-dose chemo-
therapy with further stem cell transplantation including
out-patients from July 2005 through December 2006. The
patients were evaluated prospectively and were investi-
gated at least twice. The two examinations were six months
apart at least. All patients had previously been diagnosed
with malignant diseases and received bisphosphonate due
to osteolytic metastasis. They had received bisphospho-
nates up to September 2006 and received at least six infu-
sions. The patients who had been treated with
zoledronate received 4 mg intravenously over 15 min
monthly, patients with pamidronate received 90 mg over
1 h intravenously at the same period and those with alendr-
onate received 70 mg weekly (10 mg daily) orally. The time
of exposure to bisphosphonates was defined in months from
the initial infusion to the last recorded infusion in patients
without osteonecrosis and to the first time of bone exposure
in patients with bone involvement. The diagnosis of osteo-
necrosis of the jaw was carried out on the basis of digital
panoramic radiological investigations and clinical diagnosis
was based on the following criteria: exposed or necrotic
bone of maxilla or mandible with or without pain, evidence
of regional soft tissue inflammatory swelling or infection;
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exposed bone with pathologic fracture with pain, swelling
or extraoral fistula. Biopsy of the bone was performed only
when exclusion of metastatic disease was necessary. All
medical records of patients were reviewed and patients
with incomplete medical report were excluded. We in-
cluded patients who received chemotherapy, but neither
of the patients had been irradiated in the head and neck re-
Table 2 Clinical characteristics of patients

Characteristic All patients

No. of Pt.

Sex
Male 48
Female 32
Median age (years) 63 (range 2

Diagnosis
Multiple myeloma 58
Breast cancer 10
Prostate cancer 3
Rectum cancer 2
Lung cancer 1
Nasopharynx cancer 1
Urethral cancer 1
Bronchial cancer 1
Lymph node cancer 1
Papillary cancer 1
Metastatic cancer with unknown origin 1

Bisphosphonate
Zoledronate 55
Zoledronate + Pamidronate 11
Pamidronate 6
Pamidronate + Ibandronate 4
Ibandronate + Zoledronate 2
Etidronate 1
Zoledronate + Ibandronate + Pamidronate 1

Duration of administration
Median (months) 27
Range 6–101

Chemotherapy
High-dose chemotherapy followed by stem cell
transplantation ± conventional chemotherapy

46

Conventional chemotherapy 26
No chemotherapy 8

Immune suppressive drugs
Cortisone 3
Dexamethasone 26
Prednisone/Prednisolone 18
No immune suppressive drug 33

Thalidomide 7
Bortezomib 4
Both thalidomide and bortezomib 3
No immune suppressive drug 66

Abbreviation: ONJ, osteonecrosis of the jaw; No., number.
gion nor had evidence of obvious osseous manifestations of
the malignant disease in the jaws. The treatment of pa-
tients with ONJ included sequestrectomy, sequestrotomy,
surgical debridement, wound debridement without surgical
procedure, antibiotic administration (Clindamycin 600 mg,
three times/day) and cessation of bisphosphonates in 20
patients.
(N = 80) Pt. with ONJ
(n = 22)

Pt. without ONJ
(n = 58)

% No. of Pt. % No. of Pt. %

60 11 50 37 64
40 11 50 21 36

8–82) 65 (range 28–76) 62 (range 37–82)

73 10 46 48 83
13 5 22 5 9
4 1 5 2 3
3 1 5 1 2
1 1 5 – –
1 1 5 – –
1 1 5 – –
1 1 5 – –
1 1 5 – –
1 – – 1 2
1 – – 1 2

69 14 64 41 71
14 4 18 7 12
8 3 14 3 5
5 – – 4 7
3 1 5 1 2
1 – – 1 2
1 – – 1 2

32 27
9–101 6–101

58 9 41 37 64

33 12 55 14 24
10 1 5 7 12

4 2 9 1 2
33 5 23 21 36
23 6 27 12 21
41 9 41 24 41

9 3 14 4 7
5 2 9 2 3
4 – – 3 5

83 17 77 49 85
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Statistical analysis

SPSS statistical software was used for this analysis (SPSS for
Windows, version 14.0). The v2 test was used for compari-
son of the diagnosis such as multiple myeloma, breast can-
cer, prostate cancer and other malignant diseases across
ONJ. The Mann–Whitney U-test was used to compare sex,
age, time of exposure, chemotherapy, high-dose chemo-
therapy followed by stem cell transplantation, use of corti-
costeroids, thalidomide or bortezomib, history of tooth
extraction or surgical oral procedures, with ONJ. The t-test
was used to compare the groups treated with zoledronate
vs. pamidronate followed by zoledronate and pamidronate
alone to compare the time for the onset of ONJ with each
treatment. The hazard of developing ONJ according to type
of bisphosphonate and the duration of exposure was esti-
mated by survival analysis (cox regression method). In this
study, P-value less than 0.05 was considered.

Results

The clinical characteristics of 80 patients are listed in
Table 2. Most patients suffered from MM (73%) and from
metastatic breast cancer (13%). The median time of bis-
phosphonate exposure was 27 months (range 6–101
Table 3 Data of the patients with osteonecrosis of jaw (n = 22)

No. Sex Age Diagnosis Bisphosphonate

1 F 70 Multiple myeloma Pamidronate

2 F 72 Breast cancer Zoledronate
3 F 57 Multiple myeloma Pamidronate, Zoledronate
4 F 55 Breast cancer Zoledronate
5 M 52 Urethal cancer Zoledronate

6 M 28 Nasopharynx cancer Zoledronate

7 M 56 Lung cancer Zoledronate
8 M 65 Rectum cancer Zoledronate
9 M 66 Multiple myeloma Ibandronate, Zoledronate

10 M 76 Multiple myeloma Zoledronate
11 F 65 Breast cancer Pamidronate, Zoledronate
12 M 64 Prostate cancer Zoledronate
13 F 57 Breast cancer Pamidronate, Zoledronate
14 F 50 Breast cancer Zoledronate
15 M 65 Multiple myeloma Pamidronate
16 F 72 Multiple myeloma Pamidronate, Zoledronate
17 M 58 Multiple myeloma Zoledronate
18 F 67 Multiple myeloma Zoledronate
19 M 76 Multiple myeloma Pamidronate
20 F 56 Breast cancer Zoledronate
21 M 67 Multiple myeloma Zoledronate
22 F 51 Lymph node cancer Zoledronate

Abbreviation: Uni, unilateral; Bi, bilateral; F, female; M, male.
months). Most of patients were treated with zoledronate
alone (69%) and with pamidronate followed by zoledronate
(14%). In duration of this study (18 months), 26 patients
(33%) received only conventional chemotherapy and 46 pa-
tients (58%) received high-dose chemotherapy with mel-
phalan followed by autologous stem cell transplantation.
Forty-seven patients (59%) were treated with corticoste-
roids. Seven patients (9%) received thalidomide, four pa-
tients (5%) received bortezomib and three patients (4%)
received both.

Patients with osteonecrosis of the jaw (ONJ)

Of 80 patients, 22 patients (28%) had developed ONJ (Table
2). There were 11 males and 11 females (median age was 65
years). Ten patients (46%) received bisphosphonate due to
MM, five patients (23%) for breast cancer and in the other
seven patients (32%), each one was treated for lung cancer,
nasopharynx cancer, prostate cancer, rectum cancer, bron-
chial cancer, lymph node cancer and urethral cancer,
respectively.

Fourteen of 22 patients (64%) received zoledronate,
three (14%) received pamidronate, four (18%) received
pamidronate followed by zoledronate and one received
ibandronate followed by zoledronate sequentially. The
Duration of
administration
(month)

Site of osteonecrosis Stimulative
cause

24 Maxilla (uni),
Mandible (uni)

Extraction of 41,
Spontaneous
region 21–24

12 Maxilla (uni) Extraction of 23
30 Mandible (uni) Spontaneous
9 Mandible (uni) Extraction of 36
15 Maxilla (bi),

Mandible (uni)
Spontaneous

32 Mandible (uni),
Maxilla (uni)

Extraction of 37

16 Mandible (uni) Spontaneous
32 Mandible (uni) Extraction of 35
89 Mandible (uni) Extraction of 47
50 Mandible (uni) Extraction of 37
42 Mandible (uni) Extraction of 45
23 Mandible (uni) Extraction of 48
51 Mandible (uni) Spontaneous
37 Maxilla (uni) Extraction of 25
38 Mandible (uni) Extraction of 34,35
70 Maxilla (uni) Extraction of 16,17
25 Mandible (uni) Spontaneous
43 Maxilla (uni) Extraction 24
101 Mandible (uni) Extraction 46,47
12 Maxilla (uni) Extraction 16,17,18
11 Maxilla (uni) Extraction 15
53 Mandible (uni) Extraction 46



Figure 1 Exposed necrotic bone of maxilla after tooth
extraction. Patient (no. 16) had received pamidronate followed
by zoledronate for 5 years and 10 months.
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median duration of bisphosphonate therapy until occur-
rence of osteonecrosis in ONJ group was 32 months (range
9–101) whereas it was 27 months (range 6–101) in pa-
tients without ONJ. None of our patients receiving bis-
phosphonate less than 1 year developed ONJ except two
patients, who developed ONJ after 9 months and 11
months of bisphosphonate therapy (Table 3). The mean
exposure time of bisphosphonate in patients with ONJ sep-
arating by group of bisphosphonates was presented in Ta-
ble 4. Twelve patients (55%) of the ONJ group received
conventional chemotherapy and nine patients (41%) re-
ceived high-dose chemotherapy with melphalan followed
by stem cell transplantation ± conventional chemotherapy,
compared with 14 patients (24%) and 37 patients (64%) of
the group without ONJ. Thirteen patients (59%) of ONJ
group were treated with corticosteroids, similar to the
group without ONJ. Three patients with ONJ (14%) were
treated with thalidomide and two patients (9%) with bort-
ezomib, whereas it was four patients (7%) and two patients
(3%), respectively, in the group without ONJ. Three pa-
tients (5%) without ONJ had received both thalidomide
and bortezomib, whereas there was no patient with ONJ
received both drugs in the same time (Table 2).

Clinical findings and radiographical findings

Seventeen patients (77%) presented with an area of yellow–
white bone exposure surrounded by inflamed soft tissue at
the site of previous tooth extraction with pain. One patient
presented with painful inflamed soft tissue without bone
exposure. Four patients (18%) presented with asymptomatic
exposed bone discovered during a routine dental examina-
tion or by the patient through self-examination. Fifteen pa-
tients (68%) presented with pus and exudate from the
gingiva around the necrotic bone (Fig. 1). Four patients
(18%) presented with fistula and 10 patients (46%) with
swelling. Four patients (18%) presented with one or more
mobile teeth. One patient had paresthesia of mental nerve.
Thirteen patients (59%) presented with exposure and necro-
sis of mandible, six patients (27%) presented with necrosis
of maxilla, three patients (14%) had both maxillary and
mandibular bone involvement (Table 3). Nineteen patients
(86%) had necrosis involving one quadrant, two patients
(9%) involved two and one patient involved three quadrants.
Osteonecrosis occurred spontaneously in 5 patients (23%)
and in 17 patients (77%) after dental extractions and surgi-
cal tooth removals. In these 17 patients, 9 patients (41%)
had previous extractions of molars, 6 patients (27%) of pre-
molars and 2 patients (9%) of front teeth (Table 3). Since the
Table 4 Mean induction time for clinical osteonecrosis
(n = 22)

Bisphosphonate Mean exposure
time (months)

Zoledronate 26
Pamidronate followed by zoledronate 48
Ibandronate followed by zoledronate 89
Pamidronate 96
extractions of teeth were performed in general dental prac-
tices, the reasons why those had to be removed were un-
known. One patient had received antibiotics before tooth
extraction, whereas the other 16 patients (94%) had not
received.

The panoramic radiographs presented osteolysis in lacu-
na form, but in the early stages many patients had normal
panoramic radiographs at the area of osteonecrosis
(Fig. 2). The radiographs of the asymptomatic patient
showed a radiolucent lesion corresponding to an empty
socket or regions of clinical involvement. Some affected
area was radiolucent with radiopaque sequestra of necrotic
bone and sometimes with evidence of healing. CT scan
showed destruction of cortical bone (Fig. 3).

Histopathological findings

Biopsies of the bone were undertaken in 11 patients to rule
out malignancy. The histopathologic findings of surgically
removed necrotic bone in eight patients demonstrated acel-
lular bone or sequestrum formation with osteoclastic activ-
ity at irregular bone surfaces, surrounded by inflammatory
cellular infiltration. Three patients had histopathologic find-
ings of osteomyelitis. However, there was no evidence of
malignancy or MM.

Microbiologically, filamentous organisms consistent with
Actinomyces were seen in two specimens. Methicillin-
resistance Staphylococcus aureus (MRSA) was seen in one
patient. Streptococcus spp. with Streptococcus anginosus
constellatus was seen in one patient. The contribution of
these organisms to soft tissue infection and osteomyelitis is
unclear.

Treatment and prognosis

All 22 patients with osteonecrosis of the jaw received anti-
biotics at first visit (Clindamycin 600 mg three times per
day) and the area of necrosis was cleaned and rinsed with
chlorhexidine. Patients wearing dentures were suggested
to avoid using these in order to reduce the contact of den-
tures with the exposed bone. Table 5 presents the manage-
ment of patients with ONJ. Bisphosphonates were promptly
discontinued in 20 patients with osteonecrosis and the ther-
apy was restarted again only in patients with satisfactory



Figure 3 CT (patient no. 6) showing osteonecrosis in regions 37 and 17. (a) Osteolysis with some sclerotic changes in the left molar
region. (b) Bony defect with some sclerosis in left mandibular molar region. (c) Sequestration of alveolar bone distal to the right
maxillary first molar. (d) Maxillary sinusitis at the same side of osteonecrosis.

Figure 2 Sequestrum formation of mandible in region 46. Patient (no. 9) had received ibandronate followed by zoledronate for 7
years.
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wound healing. Two patients underwent bisphosphonate
therapy without cessation.

Eleven patients (50%) presented with satisfactory wound
healing with primary closure after 3 months. One patient re-
ceived wound debridement without surgical procedure and
two patients treated with antibiotics, presented with necro-
tic bone without pain (9%). Two patients without cessation
of bisphosphonate (9%) had recurrence of osteonecrosis 1
month after sequestrectomy. One patient had recurrence
2 months after antibiotic treatment (i.v.) and one patient
had recurrence 3 months after sequestrotomy and one pa-
tient had recurrence 1 year after sequestrectomy. We lost
two patients to follow up and one rejected surgical
procedure.

Statistical analysis

We found that there was no significant association of ONJ
with age (P = 0.722), sex (P = 0.264), conventional chemo-
therapy (P = 0.188), high-dose chemotherapy followed by
stem cell transplantation ± conventional chemotherapy
(P = 0.066), corticosteroids (P = 0.970), thalidomide (P =
0.851), bortezomib (P = 0.947) and time of exposure
(P = 0.374). Patients diagnosed with multiple myeloma
and breast cancer were found significantly associated with
ONJ (P = 0.001 and P = 0.014, respectively). The history of
extraction or surgical tooth removal during bisphosphonate
therapy was strongly associated with the development of
ONJ (P < 0.001) (Table 6). From t-test, it was found statisti-
cally significant that ONJ occurred earlier among patients
receiving only zoledronate (26.4 months) than among
patients receiving pamidronate and then followed by
Table 5 Treatment of osteonecrosis and results (n = 22)

No. Treatment

1 Sequestrectomy
2 Sequestrectomy
3 Surgical wound debridement
4 Sequestrectomy
5 Wound debridement without surgical pro
6 Wound debridement without surgical pro
7 Wound debridement without surgical pro
8 Sequestrotomy
9 Sequestrectomy

10 Antibiotic (oral)
11 Sequestrectomy
12 Antibiotic (i.v.)
13 Antibiotic (i.v.)
14 No therapy
15 Surgical wound debridement
16 Sequestrectomy
17 Sequestrectomy
18 Sequestrectomy
19 Sequestrectomy
20 Sequestrectomy
21 Sequestrectomy
22 Sequestrectomy

Abbreviation: i.v., intravenous.
zoledronate (48.3 months) and than patients receiving only
pamidronate (54.3 months) and than the other group of bis-
phosphonates (89 months) (P = 0.023, 0.049 and 0.001,
respectively).

Figure 4 shows the cumulative hazard of developing ONJ
in the whole population. The cumulative hazard at various
time points after the initiation of bisphosphonate therapy
increased above 1% after 12 months of treatment up to
10% at 2 years and 20% at 3 years. In comparison between
the groups of bisphosphonates, the hazard was 10% within
the first year of treatment, increasing to 20% at 2 years
and 35% at 3 years for zoledronate, whereas the hazard
among the other group was 0% for the first years, increasing
to only 4% at 2 years and 9% at 3 years of treatment. From
survival analysis, cox regression was used to find the hazard
function between patients who received zoledronate alone
vs. patients who received the other group of bisphospho-
nates (pamidronate alone; pamidronate followed by zoledr-
onate; ibandronate alone; etidronate alone; ibandronate
followed by pamidronate; ibandronate followed by zoledro-
nate; ibandronate followed by pamidronate and zoledro-
nate). The hazard rate of developing ONJ in the whole
population (N = 80) was significantly higher in the zoledro-
nate group (P = 0.015) and it was 3.48 times higher than
the other group (Fig. 5).

Discussion

Currently, the United States Food and Drug Administration
draws attention to the problem of ONJ, occurring in pa-
tients with metastatic bone diseases or hypercalcaemia
who received intravenous bisphosphonates.35 Despite sev-
Complication

No information
Recurrence after 1 month
Satisfactory wound healing
Satisfactory wound healing

cedure Satisfactory wound healing
cedure Stabilized necrosis without pain
cedure Satisfactory wound healing

Recurrence after 3 months
Satisfactory wound healing
Stabilized necrosis without pain
Satisfactory wound healing
Stabilized necrosis without pain
Recurrence after 2 months
No information
Satisfactory wound healing
Satisfactory wound healing
Recurrence after 1 month
Satisfactory wound healing
Satisfactory wound healing
No information
Recurrence after 1 year
Satisfactory wound healing
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Figure 5 Cumulative hazard of developing ONJ among
patients receiving zoledronate alone and the other group
(pamidronate alone; pamidronate followed by zoledronate;
ibandronate; etidronate; ibandronate followed by pamidro-
nate; ibandronate followed by zoledronate; ibandronate fol-
lowed by pamidronate and zoledronate). The hazard rate of
developing ONJ in the whole population (N = 80) was signifi-
cantly higher in the zoledronate group (P = 0.015) and it was
3.48 times higher than the other group. The hazard was 10%
within the first year of treatment, increasing to 20% at 2 years
and 35% at 3 years for zoledronate, whereas the hazard among
the other group was 0% for the first years, increasing to only 4%
at 2 years and 9% at 3 years of treatment.

Figure 4 Cumulative hazard of developing ONJ at various
time points after the date of initiation in 80 patients treated
with bisphosphonates increased above 1% after 12 months of
treatment up to 10% at 2 years and 20% at 3 years.

Table 6 Statistical analysis between predisposing risk
factors and development of ONJ (N = 80)

Predisposing risk factors No. of Pt. % P

Sex
Male 11 50.0 0.264
Female 11 50.0

Age Median 64.5 years
(range 28–76)

0.722

Diagnosis
Multiple myeloma 10 45.5 0.001
Breast cancer 5 22.7 0.014

Conventional chemotherapy 12 54.6 0.188

High-dose chemotherapy
followed by stem cell
transplantation

9 40.9 0.066

Corticosteroids 13 59.1 0.970
Thalidomide 3 13.6 0.851
Bortezomib 2 9.1 0.947
Zoledronate 14 63.6 0.015
Time of bisphosphonate
exposure

Mean 32 months
(range 9–101)

0.374

Extraction or surgical
tooth removal

17 77.3 <0.001
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eral reports, the precise incidence of ONJ remains un-
known, therefore there were attempts to determine the
true incidence by retrospective studies, which has limita-
tion and often lacks some information. We therefore pro-
spectively studied patients with bisphosphonate therapy
referred to the oral dental department or patients treated
in the outpatient department for multiple myeloma with
bisphosphonates in order to determine frequency of occur-
rence, risk factors, affected areas and proper treatment.
In present study, the frequency of occurrence of ONJ was
28% which is similar to the study of Badros et al.31
(24.2%), but substantially higher than results from Bamias
et al.24 (6.7%), Durie et al.36 (6.2%) and Dimopoulos
et al.29 (7.4%). The occurrence of ONJ in MM was 17.2%,
which was different from the study of Bamias et al.24 and
Durie et al.36 (9.9% and 6.8%, respectively). The occurrence
of ONJ in the present study is higher compared to most
other studies.24,29,36 The reason for this is unknown, how-
ever, may be due to the fact that the present study is of pro-
spective nature and no patients with suspected ONJ were
missed. Trained oral health care specialists evaluated all
patients, and therefore, the probability of missing initial
signs of ONJ were minimal.

Although therearemany reports presenting theassociation
of bisphosphonate and ONJ,23,27,30,32,36,37 the pathogenesis of
ONJ remains unclear. ONJ can occur spontaneously,23,26,30,32

but the risk increases in patients with recent invasive oral sur-
gical procedures, especially dental extractions,23,30–32,38 be-
cause the open wound after tooth extraction might increase
the risk of bacterial invasion. In agreement with recent pub-
lished literatures, the history of tooth extraction during bis-
phosphonate therapy in our study was strongly associated
with the development of ONJ (P < 0.001). Of 22 patients with
ONJ, 77%had ahistory of toothextractions and theother (23%)
occurred spontaneously.

ONJ occurred more often in the mandible (59%) than in
the maxilla (27%), as was reported by Marx et al.32 (68.1%
and 27.7%, respectively). Furthermore, by separating ONJ
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in each quadrant, ONJ were most commonly found at the
molar region of the mandible,32 similar to our study (56%),
mandibular premolar (16%) and maxillary premolar (16%),
respectively. A possible explanation of osteonecrosis, espe-
cially in the mandible might be the anti-angiogenic effect of
bisphosphonate7,10,39,40 and anatomic and physiologic fea-
ture of mandibular bone that would increase the risk of
osteonecrotic pathology.41 This action would result in a di-
rect induction of avascular necrosis of tissue repair and
may interrupt intraosseous circulation and blood flow of
the jaw.30 Furthermore, bisphosphonate can also inhibit
endothelial cell function40 and increase the rate of apopto-
sis,10 leading to a decrease in capillary-tube formation.9 All
these events would predispose to ONJ. In spite of antibiotic
prophylaxis before tooth extraction, osteonecrosis still oc-
curred in 5% of patients in our analysis.

The type of bisphosphonate may play a role in occur-
rence of ONJ. In many reports it was shown that the nitro-
gen-containing bisphosphonates with high potency such as
zoledronate29,36 and pamidronate are associated with
ONJ.23,27,42 Zoledronate was found to be the most potent
bisphosphonate17 and had a higher risk than pamidronate.36

It is 100–1000 times more potent than pamidronate, alendr-
onate, risedronate, clodronate or etidronate.39 In our study,
most patients with ONJ (64%) received zoledronate, similar
to the results of Marx et al.32 (40.3%). Although the sample
size in this study group was relatively small, we did find sta-
tistically significant that ONJ developed earlier in patients
treated with zoledronate than in the other group of bisphos-
phonates, which is similar to the study of Bamias et al.24 and
Durie et al.36 ONJ developed after a mean time of 26
months in patients treated with zoledronate, whereas it
was 48 months in patients treated with pamidronate fol-
lowed by zoledronate (P = 0.023), 54.3 months in patients
treated with pamidronate alone (P = 0.049) and 89 months
in patients treated with other group of bisphosphonates
(P = 0.001). The hazard rate of developing ONJ depending
on time was significantly higher in the zoledronate group
(P = 0.015) compared to the other bisphosphonate group,
findings comparable to Bamias et al.24

Long-term bisphosphonate treatment seems to be one
important risk factor for ONJ.24,29,31 The median time of
exposure in ONJ group (32 months) was longer than the
other group without ONJ (27 months) which was similar to
Bagan et al.26 (29.9 months), Melo and Obeid43 (34 months)
and Sanna et al.44 (30 months). However, the duration of
exposure was not significant for occurrence of ONJ
(P > 0.05). Similar to reports in the literature,29 we suggest
that exposure with bisphosphonate beyond 2.5 years may in-
crease the risk of ONJ.

Furthermore, chemotherapy45 and corticosteroids may
play a role in occurrence of ONJ.46,47 Most patients with
metastatic bone diseases were treated with chemotherapy
and corticosteroids, thus wound healing seems to be im-
paired by the consequences of both.46 Of 22 patients with
ONJ, 95% received either conventional chemotherapy or
high-dose chemotherapy, whereas it was 88% in the group
without ONJ. For corticosteroid, there is no difference in
number between ONJ group and the other. However there
was no significant association of ONJ with chemotherapy
and corticosteroids (P > 0.05). Moreover, it was found that
thalidomide and bortezomib had also no association with
the development of ONJ, similar to the study of Badros
et al.31

The management of patients with ONJ remains difficult
and is challenging. The initial treatment should be conser-
vative such as irrigations to control oral hygiene and sys-
temic antibiotic therapy to prevent secondary infection
and pain. Daily mouth rinsing with 0.1% chlorhexidine glu-
conate and Clindamycin 600 mg for the first 2 weeks was
suggested. For the management of exposed necrotic
bone, surgical debridement or sequestrectomy with pri-
mary tissue flap closure would be recommended. Hyper-
baric oxygen therapy had no benefit.23,30 Of 16 patients
with surgical procedures who came to control visit, 11 pa-
tients with cessation of bisphosphonates showed satisfac-
tory wound healing, whereas 2 patients without cessation
had recurrence after 1 month and 1 patient underwent
wound debridement without surgery had stabilized necro-
sis without pain. The other two patients with sequestrot-
omy and sequestrectomy had recurrence after 3 months
and 1 year in spite of cessation. Although it was known
that bisphosphonates still remain in bone for prolonged
and perhaps indefinite periods48 and the benefit of cessa-
tion has not yet been evaluated, we suggest that cessa-
tion for a short time should be done. The exact period
of drug cessation remains unclear, but we suggest that
more than 2 months of cessation is necessary. Recently,
Mayo Myeloma Group49 has developed new guidelines for
the use of bisposphonates. They recommended discontinu-
ing bisphosphonates after 2 years of therapy for patients
who achieve complete response and/or plateau phase.
For the patients, who have active disease, who have
not achieved a response, or who have threatening bone
disease beyond 2 years, therapy can be decreased to
every 3 months. These guidelines might be of benefit
for the management of ONJ in the future. For prevention,
we recommend clinical dental examination including a
panoramic radiograph to detect dental and periodontal
infections and especially to improve oral health of the pa-
tients before and during bisphosphonate therapy. Avoiding
tooth removal, invasive surgical procedure, dental im-
plants and use of soft liners on dentures to prevent local
trauma are suggested. Teeth with a poor prognosis or in
need of extraction should be extracted and the wound
should completely heal before intravenous bisphosphonate
therapy. The patients should be instructed about main-
taining good oral hygiene. Patients with suspected ONJ
should be referred to a dentist, oral surgeon or oral max-
illofacial surgeon immediately for proper treatment.
Conclusion

Drug-induced osteonecrosis of the jaw has been recently
recognized as a new and important complication of
long-term treatment with intravenous bisphosphonates.
The incidence increases in patients receiving potent third
generation bisphosphonate especially zoledronate. The
other risk factor is tooth extraction and invasive oral sur-
gical procedure before initiation of bisphosphonate ther-
apy. General practitioners, dentists, oral and
maxillofacial surgeons and oncologists should be aware
of this problem and work in team, allowing for early diag-
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nosis and prevention of new potential case. For the fur-
ther investigation, the optimal and safe duration of treat-
ment needs to be determined.
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