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Purpose: A nationwide retrospective cohort study was conducted by the Japanese Society of Oral and
Maxillofacial Surgeons to assess the occurrence of bisphosphonate (BP)-related osteonecrosis of the jaws
(BRONJ) during 2006 to 2008 and to elucidate the outcome and factors associated with remission of BRONJ.

Materials and Methods: A written questionnaire, including the clinical characteristics, management,
and outcome of patients with BRONJ, was sent to 248 institutions certified as training facilities by the
Japanese Society of Oral and Maxillofacial Surgeons in 2008.

Results: A total of 568 patients with BRONJ, including suspicious cases, were registered. Of these 568
patients, 263, including the maxilla in 81, the mandible in 160, and both in 22, met the working definition of
BRONJ proposed by the American Association of Oral and Maxillofacial Surgeons. The patients included 219
women (83.3%) and 44 men (16.7%). Of these patients, 152 (57.8%) had received intravenous BPs, 104
(39.5%) had received oral BPs, and 7 (2.7%) had received both. The mean duration of administration until
onset of BRONJ was 23.6 months for intravenous BPs and 33.2 months for oral BPs. BRONJ was stage 1 in 42
patients (16.0%), stage 2 in 187 (71.1%), stage 3 in 32 (12.2%), and unknown in 2. Of these patients, 34.2%
had remission of BRONJ, 46.0% had persistent or progressive disease, and 19.7% died of malignancy or were
lost to follow-up. Statistical analysis revealed that surgical treatment, including tooth extraction, sequestrec-
tomy, and segmental mandibulectomy, contributed to the remission of BRONJ. In contrast, conservative
treatment, concurrent anticancer drugs, poor oral hygiene, and the use of intravenous BPs did not.

Conclusions: The relative ratio of BRONJ related to the use of oral BPs was greater in Japan than in the
United States and European Union. Surgical treatment contributed to remission of BRONJ, and conservative
treatment, concurrent anticancer drugs, poor oral hygiene, and intravenous BPs did not.
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Bisphosphonates (BPs) are very effective for the man-
agement of hypercalcemia of malignancy and skeletal
events associated with multiple myeloma, bone me-
tastases from breast cancer and prostate cancer, and
osteoporosis. Despite various benefits, however, the
development of BP-related osteonecrosis of the jaws
(BRONJ) has become an increasingly serious problem
in a subset of patients, especially those receiving
intravenous preparations. The first cases of BRONJ
were reported in 2003 in the United States.1,2 Subse-
quently, more than 2,500 similar cases were reported
worldwide as of 2006.3 BRONJ has also developed in
patients who received oral BPs, although the inci-
dence is extremely low.4,5 Most cases of BRONJ oc-
urred after dental procedures such as tooth extrac-
ion, periodontal surgery, and dental implant placement
nd have been refractory to conventional treatment,
ncluding debridement, antibiotics, and hyperbaric oxy-
en therapy. Compared with the United States and the
uropean Union, the number of BRONJ cases has re-
ained low in Japan but has been increasing annually.
he first nationwide survey for the occurrence of
RONJ in Japan was performed at 239 institutions cer-
ified as training facilities by the Japanese Society of Oral
nd Maxillofacial Surgeons (JSOMS) in 2006.6,7 A total of

28 patients with BRONJ (3 men and 25 women) were
registered. The mandible was involved in 23, the maxilla
in 4, and both in 1. Of these 28 patients, 17 (60.7%) had
received intravenous BPs, 9 (32.1%) had received oral
BPs, and 2 had received both. Also, 22 patients had
undergone dentoalveolar surgery, including tooth ex-
traction, immediately before or during treatment with
BPs. Six patients received no dental treatment. In addi-
tion to antibiotic therapy, surgical treatment such as
sequestrectomy and curettage was performed. Of the 28
patients, 8 had complete remission, 17 continued to
receive treatment, and 3 had progressive disease.

In a follow-up survey performed 2 years later, 9
additional patients were considered to have complete
remission. Thus, 17 (60.7%) of the 28 patients had
complete remission, but healing was delayed in 12
patients. Of the 17 patients, 9 (52.9%) had received
intravenous BPs, and 7 (77.8%) of the 9 patients given
oral BPs had complete remission. In that small case
series, surgical treatment such as sequestrectomy, cu-
rettage, and resection of the jawbone was performed
in a slightly greater proportion of patients with remis-
sion than in patients with persistent disease. In con-
trast, a greater proportion of patients with persistent
disease had received conservative treatment com-
pared with the patients with remission. These results
suggested that surgical treatment performed at an
appropriate time contributed to the remission of
BRONJ and conservative treatment did not, even if

disease progression was slow.7
Because the number of BRONJ cases rapidly in-
creased after the first survey, we performed a second
nationwide survey to assess the occurrence of BRONJ
in 2008. In the present study, we report the present
status and clinical characteristics of BRONJ in Japan
and identify the factors associated with remission.

Materials and Methods

This second nationwide survey of BRONJ was per-
formed in 2008 by the Committee of Survey and
Planning of the JSOMS as retrospective cohort study.
Detailed information on the patients with these diag-
noses was obtained by written questionnaires sent by
the JSOMS to 248 institutions in June 2008. These
institutions included university hospitals and major
municipal or private hospitals having an oral and
maxillofacial surgery department. Data were col-
lected on gender and age, clinical symptoms, radio-
graphic findings, history of radiotherapy to the
jaws, concurrent use of anticancer drugs and corti-
osteroids, oral hygiene, medical comorbidities such as
iabetes mellitus, obesity (body mass index �25), and
alnutrition (anemia, hemoglobin �9.0 g/dL; low
roteinemia, total protein �5.0 g/dL, albumin �2.5

g/dL), indications and type of BPs, duration of BP
administration, triggering events, treatments, and
outcomes.

Cases of BRONJ satisfying the working definition
of the American Association of Oral and Maxillofacial
Surgeons (AAOMS)8 (including exposed necrotic
bone persisting for �8 weeks and no history of radio-
therapy to the jaws) that developed in patients in
whom the type of BP, duration of administration, and
outcomes could be tracked from the clinical records
were evaluated as confirmed cases of BRONJ. Those
with insufficient information were excluded from the
study. In addition, the stage of BRONJ was deter-
mined by the AAOMS staging classification of 20078;
thus, the questionnaires for the present survey did not
include stage 0.

Statistical analysis was performed using the �2 test
or Fisher exact test to examine the relationship be-
tween background or treatment of the patients and
outcomes. Stage and oral hygiene were subdivided
into 3 categories (stage 1 and common oral hygiene
were set as the reference), the logistic regression
analysis was performed using the outcome as an ob-
jective variable, and the odds ratio and 95% confi-
dence intervals (CIs) were calculated. In addition, the
Cox proportional hazard model was performed using
the outcome as an objective variable, BP administra-
tion period as a survival variable, and the factors that
in the �2 test or Fisher exact test was less than 5% as
covariate and the hazard ratio (HR) and 95% CI were

calculated. Thus, persistent or progressive disease,
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death from malignancy, and loss to follow-up were set
at “0,” remission was set at “1,” no was set at “0,” and
yes was set at “1” for the background factors or
treatment. Sheets with no answer were excluded
from the subject for analysis. Throughout the analysis,
a level of 5% was used to denote statistical signifi-
cance. All the calculations were performed using the
Statistical Package for Social Sciences, version 15.0,
statistical software (SPSS, Chicago, IL).

Results

Of the 248 institutions sent questionnaires, 188
(75.8%) responded, and 160 (85.1% of the 188) re-
ported cases of BP-related osteomyelitis and osteone-
crosis of the jaws. A total of 568 cases of BRONJ,
including suspicious cases, were registered. Of these
cases, 263 satisfied the diagnostic criteria described in
the “Materials and Methods” section and were evalu-
ated as confirmed cases of BRONJ. The remaining 305
cases with insufficient information were considered
unsuitable for analysis. The patients with confirmed
BRONJ included 44 men (16.7%) and 219 women
(83.3%), with a mean age of 68.1 years (range 36 to
88; Table 1).

BP INDICATIONS AND TYPES

Of the 263 patients with confirmed BRONJ, 57.8%
had received intravenous BPs and 39.5% had received
oral BPs, indicating a greater proportion of cases re-
lated to oral BPs in Japan than in the United States and
the European Union. These BPs were frequently used
to treat multiple myeloma, bone metastasis from
breast cancer, and osteoporosis. Regarding the spe-
cific preparations used, pamidronate and zoledronic
acid were the main intravenous BPs and alendronate
and risedronate the main oral BPs. Two thirds of the
patients received 1 type of BPs and the remaining
received more than 2 types. The mean duration of
administration until the onset of BRONJ was 23.6
months for intravenous BPs and 33.2 months for oral
BPs (Table 1). The duration of each BP was 20.5
months for pamidronate (n � 12), 11.8 months for
zoledronic acid (n � 52), 26.8 months for pamidro-
nate later changed to zoledronic acid (n � 56), 33.6
months for alendronate (n � 58), and 31.6 months for
risedronate (n � 27).

INITIAL SYMPTOMS AND CLINICAL
MANIFESTATIONS

The initial signs and symptoms of BRONJ were
bone exposure in 154 patients (48.7%), swelling in 50
(15.8%), pain in 49 (15.5%), pus discharge in 33
(10.4%), tooth loss in 11, intraoral fistula in 10, poor
healing of a tooth extraction socket in 9, tooth loos-

ening in 4, bleeding in 4, redness in 3, mental pares-
Table 1. PATIENT CHARACTERISTICS

Characteristic Value

Age (yr)
Mean 68.1
Range 36–88

Gender
Men 44 (16.7)
Women 219 (83.3)

Bone disease
Multiple myeloma 36 (13.7)
Bone metastasis from breast cancer 104 (39.5)
Bone metastasis from prostate cancer 9 (3.4)
Other bone metastasis 14 (5.3)
Osteoporosis 100 (38.0)

BP type
Intravenous 152 (57.8)
Oral 104 (39.5)
Both 7 (2.7)

Bisphosphonate preparations
Pamidronate 102 (25.7)
Zoledronic acid 144 (36.3)
Incadronate 24 (6.0)
Alendronate 1 (0.3)
Oral alendronate 79 (19.9)
Risedronate 42 (10.6)
Etidronate 5 (1.3)

BP types administered (n)
1 162 (61.6%)
2 73 (27.8%)
3 23 (8.7%)
4 5 (1.9%)

Affected jaw
Mandible 160 (60.8)
Maxilla 81 (30.8)
Both 22 (8.4)

BRONJ stage
Stage 1 42 (16.0)
Stage 2 187 (71.1)
Stage 3 32 (12.2)
Unknown 2 (0.8)

Treatment duration until onset (mo)
Intravenous BP

Mean 23.6
Range 1.2–103.0

Oral BP
Mean 33.2
Range 0.2–135.1

Both
Mean 38.6
Range 11.0–87.4

Concurrent medication
No 55 (20.9)
Anticancer drugs 72 (27.4)
Corticosteroids 46 (19.5)
Both 53 (20.1)
Unknown 37 (14.1)

Smoking/alcohol use
No 185 (70.3)
Smoking 15 (5.7)
Alcohol use 18 (6.8)
Both 17 (6.8)
Unknown 28 (10.6)



p
f
d
a
i
I
w
1
a
(

t
s
C
s
g
s
T
t
t
T
B
r
g

O

T

A
s
A

fi

t

URADE ET AL e367
thesia in 2, an uncomfortable feeling in 2, and jaw
fracture in 1. Some patients had more than 1 initial
sign or symptom. The mandible was involved in 160
patients (60.8%), the maxilla in 81 (30.8%), and both
jaws in 22 (8.4%).

The most common clinical manifestations of
BRONJ, except for bone exposure, were pain in 291
patients (33.9%), pus discharge in 167 (22.9%), swell-
ing in 148 (17.2%), intraoral fistula in 69, tooth loos-
ening in 63, fatigue in 61, mental paresthesia in 35,
and fever in 25. Most of the patients had more than 1
initial symptom and clinical manifestation.

RADIOGRAPHIC FINDINGS

The radiographic examinations, including pan-
oramic radiography, computed tomography, and mag-
netic resonance imaging, revealed sequestration in
139 patients (32.2%), osteolysis in 112 (25.9%), osteo-
sclerosis in 104 (24.1%), sclerosis of the lamina dura
or cortical bone thickening of the alveolar ridge in 40,
widening of the periodontal ligament space in 23, and
no particular findings in 14. Some patients had more
than 1 type of radiographic finding.

CONCURRENT MEDICATION AND MEDICAL
COMORBIDITIES

Of the 263 patients with confirmed BRONJ, 75.7%,
excluding those with unknown data, received anti-

Table 1. (Cont’d)

Characteristic Value

Systemic factors
Anemia 71 (27.0)
Low proteinemia 44 (16.7)
Diabetes mellitus 42 (16.0)
Obesity (body mass index �25) 33 (12.5)
Unknown 73 (27.7)
ral hygiene
Good 31 (11.8)
Common 169 (64.3)
Poor 58 (22.1)
Unknown 5 (1.9)

riggering events
Tooth extraction 108 (41.1)
Curettage 2 (0.8)
Dental implants 1 (0.4)
Biopsy 1 (0.4)
Unknown 151 (57.4)

bbreviations: BRONJ, bisphosphonate-related osteonecro-
is of the jaws; BP, bisphosphonate; AAOMS, American
ssociation of Oral and Maxillofacial Surgeons.
Stage of BRONJ determined using AAOMS staging classi-

cation,8 in which stage 0 was not included.
Data presented as numbers, with percentages in paren-

heses, unless otherwise noted.

Urade et al. BRONJ in Japan. J Oral Maxillofac Surg 2011.
cancer drugs and/or corticosteroids. Approximately t
40% of the patients with BRONJ related to oral BPs
and 45% of those with BRONJ related to intravenous
BPs had received corticosteroids. Approximately 9%
of patients with BRONJ related to oral BPs and 81% of
those with BRONJ related to intravenous BPs received
anticancer drugs. A history of smoking and alcohol
use were found in 19.3%, and systemic factors such as
anemia, proteinemia, diabetes mellitus, and obesity
were observed in 27.0%, 16.7%, 16.0% and 12.5%,
respectively. Poor oral hygiene was seen in 22.1% of
the patients.

TRIGGERING EVENTS

The most suspected causative event was tooth ex-
traction occupying 41.1% of the patients, and curet-
tage, dental implant placement, and biopsy was few.
The apparent triggering event was unknown in
57.4%.

BRONJ STAGE

According to the AAOMS staging classification,8 ap-
roximately 70% of the BRONJ cases were stage 2,

ollowed by stage 1 in 16.0% and stage 3 in 12.2%. No
ifference was found in the distribution of BRONJ
ccording to stage between those who had received
ntravenous BPs and those who had received oral BPs.
n patients who received intravenous BPs and those
ho received oral BPs, the stage of BRONJ was stage
in 28 (18.4%) and 14 (13.5%), stage 2 in 104 (68.4%)

nd 76 (73.1%), and stage 3 in 19 (12.5%) and 13
12.5%) patients, respectively.

TREATMENTS AND OUTCOMES

Various treatments, such as conservative and surgi-
cal treatment, including antibiotics, discontinuation
of BP administration, and hyperbaric oxygen therapy,
resulted in remission of BRONJ in 34.2% of the pa-
tients. However, 46.0% of the patients had persistent
or progressive disease. Of the patients with remission,
42% showed delayed healing extending up to 2 years
(Table 2). Surgical treatment such as tooth extraction
(P � .03, HR 1.75, 95% CI 1.04 to 2.92), sequestrec-
omy (P � .01, HR 3.12, 95% CI 1.88 to 5.18), and
egmental mandibulectomy (P � .01, HR 10.99, 95%
I 3.80 to 31.8) contributed significantly to the remis-
ion. In contrast, conservative treatment such as irri-
ation and scaling did not contribute to the remission
ignificantly (P � .01, HR 0.40, 95% CI 0.26 to 0.62;
able 3). No significant contribution was found for

he outcomes in the discontinuation of BPs, adminis-
ration of antibiotics, or hyperbaric oxygen therapy.
he rate of remission was greater for the patients with
RONJ related to oral BPs than for those with BRONJ
elated to intravenous BPs (Table 4) and slightly
reater for patients with early-stage BRONJ than for

hose with late-stage BRONJ (Table 5). In addition,
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e368 BRONJ IN JAPAN
poor oral hygiene significantly affected the remission.
Anticancer drugs also tended to affect remission (Ta-
ble 4). However, corticosteroids, smoking/alcohol
use, anemia, low proteinemia, diabetes mellitus, and
obesity did not affect remission in the present survey
(Tables 4, 5).

Discussion

BRONJ was first reported as a serious side effect of
long-term BP treatment by Marx1 and Migliorati2 in
the United States in 2003. Most of the 36 cases re-
ported by Marx1 and the 5 cases reported by Miglio-
rati2 were related to the use of intravenous BPs to
reat hypercalcemia in patients with multiple my-
loma and metastatic breast cancer. After these initial
eports, the number of reported cases of BRONJ rap-
dly increased worldwide. In Japan, the first case of
RONJ was documented in 2006. It involved the
axilla of an 81-year-old woman with bone metastasis

rom breast cancer who had received chemotherapy
nd pamidronate.9 In the first nationwide survey in

Table 2. TREATMENT OUTCOMES OF BRONJ

Outcome Patients (n)

Remission (easy) 52 (19.8)
Remission (delayed) 38 (14.4)
Persistent disease 97 (36.9)
Progressive disease 24 (9.1)
Death due to malignancy 24 (9.1)
Lost to follow-up 28 (10.6)

Abbreviation: BRONJ, bisphosphonate-related osteonecro-
sis of the jaws.

Data in parentheses are percentages.

Urade et al. BRONJ in Japan. J Oral Maxillofac Surg 2011.

Table 3. STATISTICAL ANALYSIS RESULTS BETWEEN TRE

�2 Test or Fisher

Treatment
Persistent
(n � 173)

Remiss
(n � 9

Discontinuation of BP 141 (81.5) 77 (85
Conservative treatment 137 (79.2) 43 (47
Antibiotics 161 (93.1) 78 (86
Hyperbaric oxygen 13 (7.5) 9 (10
Treatment tooth extraction 20 (11.6) 19 (21
Curettage 51 (29.5) 33 (36
Sequestrectomy 68 (39.3) 68 (75
Marginal mandibulectomy 3 (1.7) 2 (2.
Segmental mandibulectomy 0 (0) 4 (4.

Abbreviations: BP, bisphosphonate; HR, hazard ratio; CI, co
Data in parentheses are percentages.
Statistical analysis performed using �2 test or Fisher exa
ethods” section for details).
Urade et al. BRONJ in Japan. J Oral Maxillofac Surg 2011.
Japan in 2006, 28 cases were evaluated to be con-
firmed cases of BRONJ, and 60.7% of the patients
had received intravenous BPs and 32.1% had re-
ceived oral BPs. In other countries, such as the
United States, the European Union, and Australia,
approximately 95% of all cases of BRONJ were
related to intravenous BPs, and only about 5% were
related to oral BPs.4,5,10,11 Thus, the relative pro-

ortion of oral BP-related BRONJ was apparently
reater in Japan than in other countries.
In the present survey, conducted in 2008, the re-

ponse rate of institutions to the questionnaire was
igh (75.8%), indicating increasing awareness of in-
erest in BRONJ. From these institutions, 568 cases of
RONJ, including suspicious ones, were registered.
ecause many questionnaires were incomplete, re-
uests for additional information were sent to the
elevant institutions to obtain the missing data. Cases
ith missing data for the BP type, treatment duration,
r outcomes were excluded from the analysis. A total
f 263 cases that met the AAOMS working definition
f BRONJ were evaluated. Similar to the results of the
rst survey, the relative proportion of oral BP-related
ases was greater (39.5%) in Japan than in Europe and
orth America. The greater proportion of oral BP-

elated cases might have been related to differences
etween Japan and the United States and Europe in
he approval times and the number of prescriptions
ssued for intravenous (pamidronate, zoledronic acid)
nd oral BPs (alendronate, risedronate). In addition,
ral hygiene among the elderly might be poorer in
apan than in other developed countries. Intravenous
Ps were approved relatively recently for the indica-
ion of bone metastasis from breast cancer and mul-
iple myeloma in Japan compared with the United
ingdom and the United States. In contrast, oral BPs

NT AND OUTCOME

Test Cox Proportional Hazards Model

P Value HR 95% CI P Value

.41
�.01 0.40 0.26–0.62 �.01

.09

.49

.04 1.75 1.04–2.92 .03

.24
�.01 3.12 1.88–5.18 �.01

.56

.01 10.99 3.80–31.8 �.01
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and Cox proportional hazards model (see “Materials and
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were approved for the treatment of osteoporosis at
about the same time in Japan and the European
Union. Also, another reason might be that the preva-
lence of osteoporotic fracture is greater in Japanese
women than in white women older than 50 years.12

This is thought to result from factors such as small
stature, low dietary calcium, a low level of activity,
and the high rate of lactose intolerance in the Japa-
nese compared with whites. Because approximately 1
million patients with osteoporosis receive oral BPs in
Japan, the incidence of BRONJ related to oral BP
preparations is speculated to be 0.01% to 0.02%.13

Recent studies have suggested that the relative fre-
quency of BRONJ in patients with osteoporosis is

Table 4. STATISTICAL ANALYSIS RESULTS BETWEEN PA

�2 Test or Fisher Exact T

Characteristic Persistent (n � 173) Remission (n �

Anticancer drugs 94 (60.3) 31 (44.3)
Corticosteroids 66 (42.3) 33 (47.1)
Anemia 48 (27.7) 23 (25.6)
Low proteinemia 33 (19.1) 11 (12.2)
Diabetes mellitus 23 (13.3) 19 (21.1)
Obesity (BMI�25) 19 (15.1) 14 (17.7)
Smoking 18 (11.6) 14 (16.3)
Alcohol 25 (16.3) 10 (12.3)
Intravenous BP 121 (69.9) 38 (42.2)
Oral BP 57 (32.9) 54 (60.0)
Maxilla 64 (37.0) 39 (43.3)

andible 122 (70.5) 58 (64.4)

bbreviations: BMI, body mass index; other abbreviations a
Data in parentheses are percentages that each patient num

he maximum of 173 and 90, respectively, because of inclu
Statistical analysis performed using �2 test or Fisher exa
ethods” section for details).

Urade et al. BRONJ in Japan. J Oral Maxillofac Surg 2011.

Table 5. STATISTICAL ANALYSIS RESULTS BETWEEN STA

Logistic Regression A

Variable
Persistent
(n � 173)

Remission
(n � 90) OR

Stage
1 24 (14.0) 18 (20.0) Reference
2 123 (71.9) 64 (71.1) 0.52
3 24 (14.0) 8 (8.9) 0.33

Oral hygiene
Common 104 (61.2) 65 (73.9) Reference
Good 20 (11.8) 11 (12.5) 0.55
Poor 46 (27.1) 12 (13.6) 0.26

Abbreviations as in Table 3.
Data in parentheses are percentages that each patient num

the maximum of 173 and 90, respectively, because of inclu
Statistical analysis performed using logistic regression an
Urade et al. BRONJ in Japan. J Oral Maxillofac Surg 2011.
greater than previously thought. Sedghizadeh et al14

reported that 9 (4%) of 208 patients with a history
of alendronate use had active BRONJ in a large
institutional study in United States. Lazarovici et
al15 found that 16 (16%) of 101 cases of BRONJ
were associated with oral BP use in a single-center
study in Israel, and Otto et al16 reported that 37
(7.8%) of 470 cases of BRONJ were associated with
oral BPs in a multicenter study in Europe. Although
not as high a rate as in these studies, Lo et al17

reported a prevalence of 0.10% in 8,572 survey
responders receiving chronic oral BP therapy. Ad-
ditional studies are needed to confirm the relation
between oral BP use and BRONJ.

CHARACTERISTICS AND OUTCOME

Cox Proportional Hazards Model

P Value HR 95% CI P Value

.03 1.29 0.59-2.78 .52

.50

.70

.16

.10

.62

.31

.42
�.01 0.47 0.11-2.10 .32
�.01 1.57 0.37-6.70 .54

.32

.31

able 3.
cupies in patients with persistent disease or remission, with
atients with “no” and “unknown.”
and Cox proportional hazards model (see “Materials and

R ORAL HYGIENE AND OUTCOME
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95% CI P Value HR 95% CI P Value
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�.01 .04
26–1.15 .11 0.90 0.47–1.73 .76
14–0.49 �.01 0.40 0.23–0.83 .01
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The affected jaws, duration of BP administration
until onset of BRONJ, initial signs and symptoms,
clinical manifestations, and radiographic findings in
our survey were consistent with those in former stud-
ies.4,11 The concurrent use of anticancer drugs tended
to be associated with the treatment outcome of
BRONJ, but corticosteroid use was not. Wessel et al18

reported that zoledronate, smoking, and obesity are
high-risk factors for BRONJ. Khamaisi et al19 proposed
hat diabetes mellitus also increases the risk of
RONJ. In our survey, zoledronic acid was the most

requently used intravenous BP, followed by pamidro-
ate. Because zoledronic acid has almost completely
eplaced pamidronate in recent years in Japan, owing
o its potent clinical effect on malignant bone disease,
t is speculated that the occurrence of BRONJ will
ncrease further. Poor oral hygiene also significantly
ffected the remission of BRONJ, although smoking,
lcohol use, diabetes mellitus, and obesity did not.
RONJ frequently occurs after dentoalveolar surgery,

ncluding procedures such as tooth extraction, peri-
dontal surgery, and dental implant placement.4 In

our survey, the triggering event of BRONJ was tooth
extraction in 41% of cases but unknown in 57%,
suggesting these latter cases included a considerable
number of BRONJ cases that developed spontane-
ously or from ill-fitting dentures. Dental implantation
was involved in only 1 case.

The absolute incidence of BRONJ remains unclear,
but the incidence of BRONJ associated with intrave-
nous BPs is more than 100-fold greater than that
associated with oral BPs.4,8 A previous study reported
that stage 3 BRONJ, the most severe stage according
to the AAOMS classification,8 occurs most commonly
n patients given intravenous BP therapy. In contrast,
RONJ rarely progresses beyond stage 2 in patients
eceiving oral BPs.20 In the present survey, however,

the distribution of BRONJ according to stage did not
differ between those receiving intravenous BPs and
oral BPs. It is unknown whether the sensitivity to BPs
differs between Japanese patients and patients in
other countries.

Many practical guidelines for the prevention, diag-
nosis, and treatment of BRONJ have been proposed
by investigators in the United States and Canada.21–24

However, effective therapy for BRONJ remains to be
defined. The importance of oral hygiene, patient ed-
ucation, and treatment (ie, conservative treatment)
best suited for the clinical stage of BRONJ has been
emphasized. Several investigators have reported that
curettage or surgical resection of the jawbone, includ-
ing procedures such as marginal and segmental man-
dibulectomy, as well as antibacterial therapy, can lead
to the long-term resolution of the symptoms and re-
mission of BRONJ, particularly in patients with stage

3 disease.10,25–27 In the present survey, surgical ther-
apy contributed to the remission of BRONJ. Surgery,
however, could increase the risk of additional ex-
posed and necrotic bones and thereby induce disease
progression. As for the discontinuation of BP admin-
istration, some investigators have reported that the
withdrawal of treatment effectively promotes the al-
leviation of symptoms or the healing of BRONJ, not
only in patients receiving oral BPs,24 but also in those
receiving intravenous BPs.28,29 In our survey, how-
ver, discontinuation of BP administration did not
ignificantly contribute to the remission of BRONJ.
herefore, additional clinical studies are needed to
olve the problems related to the quality of life of
atients, such as whether to perform conservative or
urgical treatment and whether to continue or discon-
inue BP administration.

Finally, this survey indicated the need for greater
wareness of the potential risk of BRONJ, even in
atients who receive oral BPs. Our results suggest that
loser cooperation with physicians prescribing BPs is
ssential. Patients should be instructed to maintain
roper oral hygiene and to routinely undergo oral
xaminations to prevent BRONJ. Our findings have
onfirmed again that many cases of BRONJ are refrac-
ory to treatment.
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