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Occurrence of Bisphosphonate-Related
Osteonecrosis of the Jaw After Surgical

Tooth Extraction
Giorgia Saia, MD,* Stella Blandamura, MD,†

Giordana Bettini, MD,‡ Anita Tronchet, MD,§

Andrea Totola, DMD,� Giorgio Bedogni, MD,¶

Giuseppe Ferronato, MD,# Pier Francesco Nocini, MD, DDS,**

and Alberto Bedogni, MD††

Purpose: To evaluate the occurrence of bisphosphonate-related osteonecrosis of the jaw (BRONJ) in
patients exposed to nitrogen-containing bisphosphonates (NBPs) requiring surgical tooth extraction.

Patients and Methods: Sixty high-risk patients exposed to NBPs underwent surgical tooth extraction
with bone biopsy and were treated with a 7-day cycle of oral antibiotics and discontinuation of NBPs for
1 month. BRONJ was defined as the occurrence of any BRONJ stage (0-3) at 3, 6, or 12 months of
follow-up. Inferential analysis was performed on a per-bone (maxilla and/or mandible) basis (n � 72).
The time to BRONJ was calculated, and age, gender, cancer diagnosis, and baseline osteomyelitis were
evaluated as potential predictors. Exact logistic regression was used to model the time-to-outcome
relationship, and hazard rates were calculated from logistic probabilities.

Results: BRONJ was detected at 3 months’ follow-up in 4 bones and at 6 months in 1 further bone. In
the whole cohort of bones, the hazard rate of BRONJ was 5.6% at 3 months and 1.5% at 6 months.
Baseline osteomyelitis was a strong risk factor for BRONJ development (odds ratio, 156.96; exact 95%
confidence interval, 18.99 to �; exact P � .0001).

Conclusion: In this 12-month follow-up study, BRONJ was a rare outcome in high-risk NBP users who
underwent surgical tooth extraction. Moreover, baseline osteomyelitis was a very strong risk factor for
BRONJ development.
© 2010 American Association of Oral and Maxillofacial Surgeons
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isphosphonate-related osteonecrosis of the jaw
BRONJ) is a relatively rare but potentially serious com-
lication of treatment with nitrogen-containing bisphos-
honates (NBPs). BRONJ is defined as the presence of
xposed bone in the oral cavity that does not regress
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ithin 8 weeks in a patient currently or previously
xposed to NBPs and who has not undergone radiation
herapy in the craniofacial region. BRONJ is classified
nto 3 stages based on clinical signs and symptoms.
ecently, a stage 0 was added to the BRONJ classifica-
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798 BRONJ AFTER SURGICAL TOOTH EXTRACTION
ion to include high-risk patients without clinical evi-
ence of necrotic bone but with nonspecific clinical
igns and symptoms.1

Subjects treated with high-dose intravenous NBPs
r with oral NBPs for more than 3 years are at greater
isk of BRONJ than those from the general popula-
ion.2 Rapid bone healing after simple tooth extrac-
ion is virtually the rule in subjects not taking NBPs.
owever, tooth extraction is the event most com-
only preceding BRONJ in clinical series.3-5 Given

he available evidence, current guidelines discourage
ooth extraction in patients at high risk of BRONJ.2

owever, tooth disease, especially when accompa-
ied by periodontal disease, favors infection, which is
known risk factor for BRONJ.6 Thus avoidance of

ooth extraction may not always be the better choice.
The aim of this study was to assess the occurrence

f and the risk factors for BRONJ in high-risk patients
xposed to NBPs and requiring surgical tooth extrac-
ion.

atients and Methods

STUDY DESIGN

A cohort study was performed at the Units of Max-
llofacial Surgery of the University of Verona (Verona,
taly) and University of Padova (Padua, Italy) to esti-
ate the incidence of and the risk factors for BRONJ

mong high-risk NBPs users undergoing surgical tooth
xtraction. The local ethical committees approved
he study, and all subjects gave written informed
onsent.

PATIENTS

Patients treated with NBPs and referred to our Units
f Maxillofacial Surgery between March 2006 and
arch 2008 were eligible for the study if they met the

ollowing criteria: 1) metastatic bone disease and mul-
iple myeloma treated with high-dose intravenous
BPs or nonmalignant bone disease treated with oral
BPs for at least 3 years; 2) 1 or more unsalvageable

eeth requiring extraction; 3) lack of bone exposure
nd of clinical and radiologic signs related to NBPs in
he jaw where dental extraction was required; 4)
bsence of previous radiation therapy of the jaws; and
) lack of clinical and radiologic evidence of jawbone
etastases.

FIRST EXAMINATION

At the first examination, we collected the patient’s
linical, drug, and dental history. NBP usage was re-
orded in terms of type, dosage, and duration. A
easure of oral pain and discomfort was obtained by

se of a visual analog scale (VAS) ranging from 0 to 10

y steps of 1. The oral cavity was inspected for all i
tages of BRONJ (0-3).1 Images of the oral cavity were
aken with a digital camera (Nikon Finepix S1 Pro;
ikon, Tokyo, Japan). In all patients a digital pan-
ramic radiograph was obtained. A computed tomog-
aphy (CT) scan of the jaws was also performed in
atients without bone exposure but with dental or
eriodontal abscesses or a previous history of dental

nfection during NBP treatment. In these patients we
ooked for signs of focal sclerosis with disorganized
rabeculae and poor corticomedullary differentiation,
s recently suggested for subjects with clinical signs
f BRONJ without bone exposure.7 Patients with a
AS greater than 5 were given a 7-day cycle of oral
ntibiotics (1 g of amoxicillin–clavulanic acid 3 times
er day for 3 days and 1 g 2 times per day for 4 days
lus 500 mg of metronidazole 3 times per day for 4
ays and 500 mg 2 times per day for 4 days). Patients
ith a known allergy to penicillin were given 500 mg
f lincomycin 2 times per day for 7 days.

SECOND EXAMINATION

At the second examination, performed within 2
eeks of the first examination, the clinical and radio-

ogic data were evaluated and a final diagnosis was
eached. Patients without BRONJ were treated as de-
cribed in the next section.

SURGICAL TOOTH EXTRACTION AND
POSTEXTRACTION TREATMENT

Surgical extraction was performed with the patient
nder local or general anesthesia depending on the
umber of extractions and comorbidities and con-
isted of 5 steps: 1) elevation of a mucoperiosteal
nvelope flap by means of bilateral release incisions;
) extraction of 1 or more teeth; 3) biopsy of the
lveolar bone; 4) osteoplasty of the alveolar socket
ith rotating instruments; and 5) tension-free soft

issue closure of the alveolar socket.
The postextraction treatment included 1) a 7-day

ycle of oral antibiotics (1 g of amoxicillin–clavulanic
cid 3 times per day for 3 days and 1 g 2 times per day
or 4 days plus 500 mg of metronidazole 3 times per
ay for 4 days and 500 mg 2 times per day for 4 days;
atients with a known allergy to penicillin were given
00 mg of lincomycin 2 times per day for 7 days) and
) discontinuation of NBPs for 1 month.

BONE BIOPSY

Bone biopsy specimens were fixed in 4% formalde-
yde, decalcified, and embedded in paraffin blocks.
issue blocks were cut into 5-�m serial sections,
tained with hematoxylin-eosin, and photographed
Leica DFC 280; Leica Microsystems Imaging Solu-
ions, Cambridge, England). Specimens were exam-
ned by the same pathologist for the presence of bone

nflammation and bone necrosis. Inactivation of oste-
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SAIA ET AL 799
clasts, which is characteristic of BRONJ, was also
ystematically evaluated.8 Bone was considered nor-
al when its architecture was maintained and necro-

is and inflammation were absent.

FOLLOW-UP

Patients were followed up weekly for the first
onth and at 3-month intervals thereafter. At each

isit, a VAS score for oral pain and discomfort was
btained. Panoramic radiography and CT scans were
erformed at baseline and 3, 6, and 12 months as
escribed previously.

STATISTICAL ANALYSIS

Data for 60 patients and 72 bones were available for
nalysis. Descriptive statistics of the cohort are given
n a per-patient basis (n � 60). Continuous variables
re given as median, interquartile range (IQR) (ie,
ifference between 75th and 25th percentile), and
inimum and maximum values because of skewed

istributions. Categorical variables are given as the
umber or percentage of patients with the character-

stic of interest.
Inferential statistics are given on a per-bone basis

n � 72). The outcome was the time needed for the
evelopment of BRONJ as evaluated at 3, 6, and 12
onths versus baseline. BRONJ was defined as any

tage of BRONJ from 0 to 3.1 Because follow-up was
ade at discrete and unequally spaced intervals, we

sed logistic regression to model a nonparametric
ime-to-event relationship and obtained hazard ratios
HRs) from the estimated logistic probabilities.9 Be-
ause of the low number of events, we used exact
ogistic regression to obtain confidence intervals for
he HR,10 but we were not able to account for the fact
hat some subjects contributed both maxillary and
andibular bones to the analysis (ie, correlated ob-

ervations).11

Age and cancer are known predictors of BRONJ, so
e tested them as predictors of time-to-BRONJ in our

ohort.1 We also tested gender, which is not a pre-
ictor of BRONJ in available series. Lastly, we tested
aseline osteomyelitis as a predictor. Predictors were
oded for analysis as follows: 1) age—baseline years/
0; 2) cancer—yes versus no; 3) gender—male versus
emale; and 4) baseline osteomyelitis—yes versus no.
ecause of the low number of events, we had insuf-
cient power to test the association between time to
RONJ and the type and dose of NBP.

esults

BASELINE FEATURES OF PATIENTS

During the study period, we enrolled 60 consecu-

ive patients who had 185 teeth extracted, 103 in the t
andible and 82 in the maxilla. The characteristics of
hese patients are given in Table 1. The median age
as 65 years, female patients (70%) were more com-
on than male patients, and cancer-related disease

72%) was the most frequent reason for NBP use.
oledronate (63%) and pamidronate (40%) had been
he NBPs most commonly used, whereas neridronate
7%) and risedronate (3%) had been used infre-
uently. Bone histology at the time of tooth extrac-
ion was positive for osteomyelitis in 6 bones.

DEVELOPMENT AND PREDICTORS OF BRONJ

BRONJ was detected at 3 months of follow-up in 4
ones and at 6 months in 1 further bone. These bones
elonged to 5 different patients aged 57 to 72 years,
f whom 2 were male patients, all were cancer pa-
ients and had baseline osteomyelitis. The remaining
one with baseline osteomyelitis did not develop
RONJ during the study.
The discrete-time exact logistic regression models

sed to calculate the HR and to assess the role of
otential risk factors for BRONJ development are
iven in Table 2. The HRs predicted by these models
re given in Table 3. Model 1 describes the time-to-
RONJ relationship without consideration of poten-
ial predictors, and models 2 to 5 add prespecified
otential risk factors (age, gender, cancer, and base-

ine osteomyelitis). Within the limitations imposed by

Table 1. CHARACTERISTICS OF 60 PATIENTS

ge (yr) 65 (13) [17-84]
ender (male/female) 18/42
ancer (yes/no) 44/16
aseline osteomyelitis
(yes/no) 4/56

oledronate (yes/no)* 38/22
oledronate cumulative
dose (mg) 58 (96) [4-1,600]

amidronate (yes/no)* 24/36
amidronate cumulative
dose (mg) 1,620 (2,970) [180-8,010]
eridronate (yes/no) 4/56
eridronate cumulative
dose (mg)* 1,075 (675) [400-1,500]

isedronate (yes/no)† 2/58
isedronate cumulative
dose (mg) [5,040-8,695]‡

OTE. Values for continuous variables are given as median
interquartile range) [minimum and maximum values]. Val-
es for categorical variables are given as the number of
ubjects with the characteristic of interest.

*Intravenous administration.
†Oral administration.
‡Median value not given because only 2 patients contrib-

ted to the risedronate group.

aia et al. BRONJ After Surgical Tooth Extraction. J Oral Maxil-
ofac Surg 2010.
he low number of events (n � 5), only baseline
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800 BRONJ AFTER SURGICAL TOOTH EXTRACTION
steomyelitis was associated with the outcome (odds
atio, 157; exact 95% confidence interval, 19 to �;
xact P � .0001), so we used model 5 to calculate the
R of patients with (model 5A) and without (model
B) baseline osteomyelitis. In the whole cohort, the
azard rate of BRONJ was 5.6% at 1 month (n � 4)
nd 1.5% at 6 months (n � 1). In subjects with
aseline osteomyelitis, the hazard rate was 67% at
months of follow-up (n � 4) and 50% at 6 months

n � 1).

BONE BIOPSIES

The biopsy specimens of 54 patients were negative
or osteonecrosis or osteomyelitis and showed normal
one architecture and vasculature or minor bone al-
erations. Such alterations were mostly bone marrow
dema and fibroblastic metaplasia. Osteoclasts were
canty in these specimens. On the contrary, the bi-
psy specimens of 6 patients, corresponding to 2
axillas and 4 mandibles, showed osteomyelitis. No

igns of bone necrosis were detected in any speci-
en.

CLINICAL AND RADIOLOGIC FOLLOW-UP

Stable mucosal coverage of the alveolar socket was
chieved in 50 patients (83%) 2 weeks after surgery.
urgical wound dehiscence without bone exposure
as found in 10 patients (17%): 6 had stable mucosal
ealing within 1 month of the extraction and 1 had
ealing within 3 months, whereas chronic mucosal
stulas developed in 3. These 3 patients had osteomy-
litis at baseline histologic analysis, and BRONJ devel-
ped in 2 at 3 months of follow-up and 1 at 6 months.
he remaining 3 patients with osteomyelitis at base-

ine histologic analysis had no dehiscence or bone
xposure at 12 months of follow-up.
The median VAS score for oral pain at 12 months of

ollow-up was 0 (IQR, 0; range, 0-5) versus a preop-
rative value of 0 (IQR, 4; range, 0-5) (P � .0001,
ilcoxon matched-pairs signed rank test).
NBPs were restarted 1 month after the extraction in

3 patients and 3 months after the extraction in 1
atient; they were discontinued in the 6 patients with
steomyelitis on bone biopsy. However, zoledronic
cid had to be restarted 3 months later in 2 patients
ith breast cancer because of disease progression.
Persistence of the alveolar socket was detected at

2 months in all cases, by both panoramic radiograph
nd CT (Figs 1, 2). Nevertheless, panoramic radio-
raph failed to detect signs of BRONJ in all cases (Fig
). CT showed progressive focal sclerosis with disor-
anized trabeculae and poor corticomedullary differ-
ntiation at 3 and 6 months in 5 of 6 patients with
steomyelitis on bone biopsy (Fig 4). Overall, 55 pa-
ients had no clinical and radiologic signs of BRONJ at
12 months of follow-up.
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iscussion

This is the first study to evaluate the occurrence of
RONJ after surgical tooth extraction in high-risk NBP
sers. We showed that the occurrence of BRONJ is

ow, that most cases develop within 3 months of
ollow-up, and that baseline osteomyelitis is a strong
isk factor for BRONJ.

In our series BRONJ was an uncommon outcome in
igh-risk NBP users who underwent tooth extraction
y means of a surgical procedure aiming to separate
he alveolar bone from the oral cavity. Simple tooth
xtraction is reported to have a higher rate of BRONJ
evelopment, and this is the reason why we prefer
urgical extraction.2 However, the efficacy and safety
f surgical versus simple tooth extraction need to be
ested by randomized controlled trials. If our findings
re confirmed by such randomized controlled trials,
urgical extraction may become a simple means of
educing the occurrence of BRONJ in high-risk NBP
sers in need of tooth extraction. This is especially

mportant in view of the fact that 190 million pre-
criptions of bisphosphonates have been written
orldwide, so the absolute number of patients with
RONJ is expected to increase.1

Cancer patients using intravenous NBPs have an
stimated risk of BRONJ between 0.8% and 12%.12-15

Table 3. HAZARD RATIOS AND 95% CONFIDENCE INTE

HR (

Model 1

onth 3* 0.0556 (0.0153 to 0.1362)
onth 6* 0.0147 (0.0004 to 0.0792)
onth 12* 0.5000 (0.0000 to 1.000)†

�Versus month 1.
†Median unbiased estimate.

aia et al. BRONJ After Surgical Tooth Extraction. J Oral Maxillo

IGURE 1. Radiologic outcome on panoramic radiograph at 12
onths’ follow-up in a patient with normal baseline bone histology

howing persistence of alveolar socket of second molar (arrow).
S
l

aia et al. BRONJ After Surgical Tooth Extraction. J Oral Maxil-
ofac Surg 2010.
se of oral NBPs has not been generally linked to
RONJ in patients with osteoporosis or metabolic
one disease even if an association has been recently
eported in apparently healthy elderly persons.16,17

he risk of BRONJ in osteoporotic patients treated
ith NBPs remains low compared with that in onco-

ogic patients.18,19 However, use of oral NBPs for
ore than 3 years is considered a risk factor for
RONJ.1 Accordingly, the patients evaluated in this
tudy were (mostly) users of intravenous NBPs or
sers of oral NBPs for at least 3 years. Current guide-

ines suggest that cancer patients taking high-dose
ntravenous NBPs should not undergo tooth extrac-
ion; alternatively, teeth should be left in place and
reated by endodontic or periodontal means.1 On the
ther hand, a drug holiday from 3 to 6 months has
een advocated before extraction and until complete
ucosal healing occurs for patients with metabolic

one disease, who have an increased risk of
RONJ.1,20 However, NBPs have long-term skeletal
etention, and it is not known whether stopping them

IGURE 2. Radiologic outcome on CT scan of same patient in
igure 1 (at 12 months’ follow-up) showing remnants of alveolar
ocket filled with fibrous tissue (arrow). Bone marrow adjacent to
he extracted site (arrowhead) is normal when compared with the
ealthy opposite side (asterisk).

S OBTAINED FROM MODELS 1 AND 5 OF TABLE 2

95% Confidence Interval)

l 5A (No Osteomyelitis) Model 5B (Osteomyelitis)

† (0.0000 to 1.0000) 0.6667 (0.2228 to 0.9567)
† (0.0000 to 1.0000) 0.5000† (0.0126 to 0.9874)
† (0.0000 to 1.0000) 0.5000† (0.0126 to 0.9874)

rg 2010.
RVAL

Exact

Mode

0.5000
0.5000
0.5000
aia et al. BRONJ After Surgical Tooth Extraction. J Oral Maxil-
ofac Surg 2010.
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802 BRONJ AFTER SURGICAL TOOTH EXTRACTION
efore and after tooth extraction may help prevent
RONJ.21 In our study NBPs were stopped 1 month
fter tooth extraction, with the aim of reducing their
ccumulation into the alveolar sockets. NBPs tend in
act to accumulate at sites of active bone remodeling,
here the increased bone turnover may promote
steoclast migration and activation of bisphospho-
ates, thus interfering with bone.22 In our study re-
umption of bisphosphonates in patients with normal
one histology was not associated with BRONJ at 12
onths of follow-up. However, longer studies are

eeded to confirm this finding.
We performed biopsies of the alveolar process at

he time of tooth extraction to assess its bony features
nd to rule out asymptomatic BRONJ. Most patients
ad normal or minimally altered bone histology, that

s, marrow edema or fibroblastic metaplasia. None of
hese minor alterations had progressed to BRONJ after
2 months of follow-up. Even if bone marrow edema
nd fibroblastic metaplasia have been linked to bone
ecrosis,23 which they promote by means of is-
hemia, they have not been associated with NBP use
o far. Larger cohorts of patients are needed to test
hether an association exists between accumulation
f NBPs, these reported minor bone changes, and
RONJ development. As we have recently reported,
atients with BRONJ who undergo wide jawbone
esection may have histologically normal bone at the
argins of resection despite accumulation of NBP.8

he number of high-risk NBP users with normal bone
iopsy findings in the present study is consistent with
ur previous data and adds to the hypothesis that
RONJ may be a focal disease, at least in the begin-
ing. The demonstration of normal bone within the

aws of high-risk NBP users may open new perspec-
ives to understanding the pathogenesis of BRONJ.

Bone biopsy specimens positive for osteomyelitis at

IGURE 3. Radiologic outcome on panoramic radiograph at 6
onths’ follow-up in a patient with osteomyelitis at baseline bone
istology showing persistent alveolar socket of third molar (arrow).
o other signs of mandibular bone involvement are visible.

aia et al. BRONJ After Surgical Tooth Extraction. J Oral Maxil-
ofac Surg 2010.
aseline were associated with the occurrence of clin-
S
l

cal and/or radiologic BRONJ during 12 months in all
atients except 1 treated with oral bisphospho-
ates for osteoporosis. In this study we considered
RONJ stage 0 as the occurrence of BRONJ together
ith stages 1 to 3.1 Although the risk of progression
f stage 0 to higher disease stages is presently un-
nown, we decided to consider it as BRONJ because
he patients were free of the signs and symptoms of
his stage at baseline. In 2 of the 5 patients in whom
RONJ developed in this study, BRONJ stage 0 was
resent, and the analysis of risk factors that we
resent here must take this into account. We plan a

urther follow-up of our cohort to address the issue of
he progression of stage 0 to higher stages of BRONJ.
f confirmed by larger studies, a bone biopsy per-
ormed at the time of extraction may become a clin-
cal predictor of BRONJ development.

Impairment of bone remodeling depends on the
ype of NBP, time of exposure, cumulative dosage,
nd route of administration.22 Because oral NBPs are
ess potent than intravenous NBPs, their opposing
ffect on bone healing may be incomplete with lim-
ted jawbone involvement. This may explain why clin-
cal and radiologic signs of BRONJ were not observed
n our osteoporotic patients despite osteomyelitis at
aseline histologic analysis. In this study, however,
he number of events was too low to allow an evalu-
tion of the type and duration of NBP use as a risk
actor for BRONJ development.

It has been recommended that tooth extraction in
igh-risk NBP users should be atraumatic and not

nterfere with local vascularization.24-26 Because
RONJ only developed in patients with baseline os-

IGURE 4. Radiologic outcome on CT scan of same patient in
igure 3 showing focal sclerosis and poor corticomedullary differ-
ntiation of bone marrow of right mandibular body (arrow) when
ompared with healthy opposite side (asterisk). Initial bone seques-
ration of the inner cortex of the right mandibular body is shown
arrowhead).
aia et al. BRONJ After Surgical Tooth Extraction. J Oral Maxil-
ofac Surg 2010.
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eomyelitis, it is unlikely that the trauma induced by
ooth extraction was responsible for BRONJ develop-
ent. The fact that bone necrosis was not detected in

ny biopsy specimen at the time of tooth extraction
dds to the hypothesis that BRONJ may start as an
nfectious disease of the bone.27,28 Simple tooth ex-
raction leaves the alveolar socket exposed to oral
icrobes, and this may favor bone infection and
RONJ development. Importantly, surgical tooth ex-
raction yielded an excellent outcome in most pa-
ients in this study, possibly by limiting bacterial con-
amination of the alveolar bone by means of a
omplete mucosal sealing of the socket. Most of the
icrobes isolated from BRONJ patients are sensitive

o the penicillin group of antibiotics.1 A combination
f amoxicillin–clavulanic acid and metronidazole was
sed in this study to protect against a broad spectrum
f microbial agents including Actinomyces. Therapy
as successfully limited to the perioperative phase,
ntil soft tissue healing was reached.
Because BRONJ developed in a low number of

atients in this study, we could not assess the role of
anoramic radiograph versus CT for the early diagno-
is of BRONJ. However, some considerations are in
rder because we collected sequential images of bone
t different time points. Although the use of pan-
ramic radiograph is advocated in high-risk BRONJ
atients,29 it never detected early jawbone involve-
ent in the present study. These data, which need to

e confirmed by larger studies, suggest that pan-
ramic radiograph may be useful just for initial
creening of high-risk NBP users. On the contrary, CT
cans were able to track progressive bone modifica-
ions that led to a diagnosis of BRONJ stages 1 to 3 in

cases and to a diagnosis of BRONJ stage 0 in 2
ases.30 It should be noted that all these patients had
one biopsy specimens that were positive for osteo-
yelitis. CT features were similar in cases with and
ithout bone exposure in the oral cavity. Similar

adiologic findings have been reported by other re-
earchers and may be linked to the development of
arly BRONJ.7 Furthermore, because CT findings
ere normal at 3, 6, and 12 months of follow-up in all
atients with normal bone on histologic analysis, its
se may be limited to patients with positive bone
iopsy findings.
In conclusion, after 12 months of follow-up, BRONJ
as a rare outcome in high-risk NBP users who un-
erwent tooth extraction by use of a surgical proce-
ure separating the alveolar bone from the oral cavity.
oreover, baseline osteomyelitis was a very strong

isk factor for BRONJ development. External fol-
ow-up studies are needed to confirm these findings,
nd larger numbers of patients are needed to evaluate

otential risk factors, especially if the occurrence of
RONJ after surgical tooth extraction is confirmed to
e low.
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