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s u m m a r y
Surgical treatment of bisphosphonate-related osteonecrosis of the jaw (BRONJ) is controversial. Current
recommendations contraindicate aggressive surgery because its results are unpredictable and may trigger disease progression. In this prospective study, we assessed the effectiveness of surgical resection of
the jaws in cancer patients with BRONJ.
Between June 2004 and July 2009, 30 cancer patients with refractory BRONJ underwent surgical resection of the jaws at our Units. They were followed-up weekly for the ﬁrst month, at 3-month intervals up
to 1 year, and at 6-month intervals up to 2 years. Panoramic radiographs and CT-scan were obtained at 3,
6, 12, 18 and 24 months. Primary outcomes were the 24-month recurrence rate of BRONJ and the 24month mortality rate. Secondary outcomes were post-operative complications, duration of hospital stay
after surgery, time to return to oral diet, and degree of oral pain.The 30 patients had a median age of
66 years and were mostly females (80%). Twenty-eight underwent a single resection and two had both
jaws resected, for a total of 32 resected jaws. The cumulative recurrence rate of BRONJ in resected jaws
3.1% and 9.4% at 3 and 6 months, respectively. All the jaws with recurrent BRONJ had osteomyelitis at the
margins of bone resection. The cumulative incidence of death was 3%, 12% and 16% at 12, 18 and
24 months.Surgical resection of BRONJ was highly effective, with few post-operative complications and
were not associated with long-term mortality.
Ó 2011 Elsevier Ltd. All rights reserved.

Introduction

Materials and methods

Bisphosphonate-related osteonecrosis of the jaw (BRONJ) is a
rare but severe complication of the treatment with nitrogencontaining bisphosphonates (NBP). Since the ﬁrst report of BRONJ
in 2003,1 many series of patients with BRONJ have been published,
but the pathogenesis and treatment of this disease are still controversial. Current recommendations favor palliative nonsurgical
treatments because BRONJ involves the entire jawbone and viable
bone margins are difﬁcult to obtain with surgery.2–4 Moreover, surgical injury may trigger osteonecrosis and worsen symptoms.5,6
We performed a 24-month follow-up study to evaluate the effectiveness of surgical resection of the jaw in cancer patients with
BRONJ.

Study design
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A prospective study was conducted at the Units of Maxillofacial
Surgery of Verona University and Padova University (Italy) between June 2004 and July 2009 to evaluate the long-term effectiveness of surgical resection of the jaws in a group of cancer patients
with established BRONJ. All subjects gave written informed
consent.
Patients
BRONJ patients with multiple myeloma or metastatic cancer
were consecutively enrolled into the study if they had: (1) BRONJ
refractory to previous medical and/or minimally invasive surgical
treatment; (2) no clinical or radiological evidence of metastatic
disease or multiple myeloma of the jawbones; (3) no evidence of
progression of the underlying cancer, as determined by the caring
oncologist. The clinical, drug, and dental history of the patients was
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collected at the ﬁrst visit. Oral pain was measured using a visual
analog scale (VAS) ranging from 0 (absent) to 10 (unbearable) by
steps of 1. All patients underwent panoramic radiography and spiral computed tomography (CT). Because no accepted diagnostic criteria for BRONJ were available until 2006,3 a running deﬁnition of
BRONJ was adopted and maintained during the study. We deﬁned
BRONJ as the presence of non-healing exposed bone in the oral cavity, during NBP treatment for metastatic bone disease or multiple
myeloma, in the absence of previous radiation therapy of the jaws.
Patients with oral lesions other than exposed bone received a diagnosis of non-exposed BRONJ7 if they had signs of bone involvement
at CT. The clinical and CT signs used to diagnose non-exposed
BRONJ are listed in Table 1.8–10 Refractory BRONJ was deﬁned as
the occurrence of multiple infections and severe pain not responding to medical and/or minimally-invasive surgical treatments
(debridement and sequestrectomy).
Pre-surgical treatment
NBP were discontinued immediately before surgery if they had
not already been withdrawn because of the diagnosis of BRONJ.
The choice to discontinue NBP was always taken together with
the caring oncologist. Thirty sessions of hyperbaric oxygen therapy
(HBO) were performed before surgery, except in patients with
unresected primary tumor or metastatic invasion of organs other
than bone, because of the risk of inducing tumor growth.11 CT
and magnetic resonance (MR) imaging were used preoperatively
to assess the degree of jawbone involvement and to deﬁne the
margins of resection.8,12 All patients underwent a 10-day intraand post-operative cycle of intravenous Sulbactam-Amoxicillin
1.5 g tid and intravenous Metronidazole 500 mg tid. Patients with
known allergy to penicillin were given intravenous Lincomycin
500 mg bid for 10 days.5,13
Surgical treatment
Segmental resection of the diseased jawbone with inclusion of
the periosteal layer was performed in all patients. The resection
margins were located 1 cm beyond the affected bone.8 Bone defects were reconstructed with titanium plates, microvascular bone
ﬂaps and local soft-tissue ﬂaps, depending on the site and the extent of jawbone resection.
Post-surgical treatment
After surgery, 30 sessions of HBO were performed and NBP
treatment was resumed on the basis of a tailored decision taken together with the caring oncologist.

Table 1
Running deﬁnition of non-exposed BRONJ.
Clinical signs other than bone exposure

Radiological signs (CT)

Mucosal sinus tracks
Purulent discharge
Delayed mucosal healing of post-extraction socket
Vincent’s signa
Cutaneous ﬁstula
Spontaneous tooth loss
Abscess
Trismus
Gross mandibular asymmetry

Trabecular thickening
Osteosclerosis
Osteolytic areas
Cortical bone erosions
Maxillary sinusitis
Bone sequestration
Periosteal reaction
Pathologic fracture

Non-exposed BRONJ was diagnosed when one or more clinical signs were associated with one or more radiological signs.
a
Hypoesthesia or paresthesia of the lips due to involvement of the inferior
alveolar nerve or infraorbital nerve.
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Histopathology
Surgical bone specimens were analyzed by the same pathologist
to conﬁrm BRONJ and to rule out concurrent metastatic jawbone
disease. The resection margins were examined separately to disclose signs of osteomyelitis or osteonecrosis. A resection margin
was considered normal when its bone architecture was preserved
and there were no signs of necrosis or inﬂammation. Presence of
osteomyelitis in the resection margins was evaluated as predictor
of BRONJ recurrence.10
Follow-up
Patients were followed-up weekly for the ﬁrst month, at
3-month intervals up to 1 year, and at 6-month intervals up to
2 years. At each visit, a VAS score for oral pain was obtained, and
the oral mucosa was inspected for early signs of BRONJ (Table 1).
Photographs of the oral cavity were taken at all visits and panoramic radiographs and CT-scans were performed at 3, 6, 12, 18
and 24 months.
Study outcomes
The primary outcomes were the 24-month recurrence rate of
BRONJ and the 24-month all-cause mortality rate. BRONJ recurrence was deﬁned as the appearance of exposed or non-exposed
bone, this latter diagnosed as speciﬁed in Table 1, in the treated
jaw. The secondary outcomes were the number and severity of
postoperative complications, the duration of hospital stay after
surgery, the time needed to return to oral feeding, and the degree
of oral pain.
Statistical analysis
Thirty patients and 32 bones were available for analysis.
Descriptive statistics were calculated on a per-patient basis
(n = 30). Continuous variables are reported as median and minimum and maximum values, because of skewed distributions. Categorical variables are given as the number or percentage of
patients with the characteristic of interest. Inferential statistics
were calculated on a per-bone basis (n = 32). Because death and
loss to follow-up are ‘‘competing risks’’ for BRONJ, i.e., events
whose occurrence could alter the probability of BRONJ, we take
them into account by using non-parametric competing risk regression analysis (main outcome = BRONJ; competing outcome
1 = death; competing outcome 2 = loss to follow-up).14 Exact logistic regression was used to evaluate the association between osteomyelitis (yes vs. no) and BRONJ recurrence with and without
correction for sex (male vs. female) and age (dichotomized at
60 years).15 Because of the low number of events, we were not able
to account for the fact that two subjects contributed both maxillary
and mandibular bones to the analysis (correlated observations).
Statistical analysis was performed using Stata 11 (Stata Corp, College Station, TX, USA) and LogXact 9 (Cytel Inc., Cambridge, MA,
USA).
Results
Description of the patients
Between June 2004 and July 2009, a total of 112 BRONJ patients were diagnosed and treated at our Surgical Units. Thirty
(27%) of them had refractory BRONJ and were enrolled into the
study (Table 2). They were mostly females (80%) and had a
median age of 66 years. Breast cancer was the most common
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Table 2
Descriptive statistics of the 30 patients (and 32 resected bones).
Age (years)
Sex
Male
Female
Involved bonea
Maxilla
Mandible
BRONJ stagea
0
1
2
3
Cancer
Breast cancer
Multiple myeloma
Prostate cancer
Lung cancer
Thyroid cancer
Acute myeloid leukemia
Predisposing factor
Tooth extraction
Periodontal infection
Prosthesis
Spontaneous
Dental implant infection
Zoledronate
Yes
No
Cumulative dose (mg)
Pamidronate
Yes
No
Cumulative dose (mg)
Alendronate
Yes
No
Cumulative dose (mg)

66 (46–80)
6
24
17
15
10
1
9
12
13
10
3
2
1
1
21
3
5
2
1
26
4
64 (4–144)
15
15
2160 (720–6120)
1
29
2520

Values of continuous variables are given as median and minimum and maximum
values (between parentheses). Values of categorical variables are given as the
number of subjects with the characteristic of interest.
a
Two patients had involvement of both maxilla and mandible.

diagnosis, and tooth extraction the most common predisposing
factor (70%). Zoledronate (87%) and pamidronate (50%) had been
the most commonly used NBP (11 patients on pamidronate had
been shifted to zoledronate.) The median oral pain as detected
by VAS was four (range 0–10).
Treatment
Five patients with unresected primary cancer or metastatic organ involvement were excluded from pre-operative and post-operative HBO. Twenty-eight patients underwent resection of a single
jawbone and two had both jaws resected, for a total of 32 jaw
resections (15 maxillae and 17 mandibles).
Histopathology
The histological analysis of resected bone conﬁrmed BRONJ in
all cases. Concurrent metastatic jawbone disease was detected in
three patients (one with breast cancer, one with thyroid cancer
and one with prostate cancer) who had no clinical and radiological
preoperative evidence of such disease. The margins of resection
showed normal histology in 29 jaws and chronic osteomyelitis in
three jaws.
Secondary outcomes
Three patients had postoperative complications that did not require preoperative surgery (Table 3). One patient had a failure of

the microvascular bone ﬂap and developed a salivary duct ﬁstula
2 days after subtotal resection and maxillary reconstruction; direct
soft-tissue closure of the maxillary defect was obtained with ﬂap
removal and salivary ﬁstula repair. One patient developed a mucosal wound breakdown that required surgical repair under local
anesthesia. Oral feeding was resumed within a median of 1 day
(range 1–26 days) and the median hospital stay after surgery was
5 days (range 1–32 days). Table 3 stratiﬁes secondary outcomes
on the basis of the surgical intervention performed. Most patients
showed consistently better proﬁles of oral pain during the study
(Fig. 1).
Primary outcomes
BRONJ recurred at 3 months in one maxilla and at 6 months in
two mandibles of three women aged 56, 67 and 79 years. According to current criteria, these patients had stages 2, 1 and 0 of
BRONJ.2 The cumulative recurrence rate of BRONJ was 3.1% and
9.4% at 3 and 6 months, respectively (Table 4). All the jaws with
recurrent BRONJ had histological signs of chronic osteomyelitis at
one margin of bone resection (n = 3). The odds of BRONJ was higher
for the jaws with osteomyelitis than for those without it (Odds ratio (OR) = 64.3, exact 95%CI = 4.0 to 1, exact p-value = 0.004) and
persisted after correction for age and sex (OR = 26.0, exact
95%CI = 1.94 to 1, exact p-value = 0.016). Because of the low number of patients with BRONJ recurrence (n = 3), we could not do any
evaluation of other potential predictors of recurrence besides age
and sex.
The cumulative incidence of all-cause death was 3%, 12% and
16% at 12, 18 and 24 months, respectively (Table 4). Two patients
who failed to present at the 18 or 24-month follow-up visit respectively were contacted by phone and were found to be alive and
well. Living in Southern Italy, they were apparently not motivated
to reach our Centers located in Northern Italy.
NBP were resumed between 1 and 14 months after surgery in
seven patients because of progression of the underlying disease.
The three patients with recurrent BRONJ had restarted intravenous
NBP treatment before the occurrence of clinical or radiological
signs of disease. The remaining four patients who resumed NBP
treatment were free of BRONJ at 24 months.
Table 3
Secondary outcomes.
Postoperative complications
Free ﬂap loss
Salivary gland ﬁstula
Neck hematoma
Miniplate fracture
Partial wound dehiscence

1
2
1
1
2

Hospital stay
Maxillectomy and soft-tissue closure
Hard palate resection
Mandibulectomy + titanium plate reconstruction
Mandibulectomy/maxillectomy and bone ﬂap reconstruction

3 [1–28]
7 (n = 1)
4 [4–6]
17 [14–32]

Time to resumption of oral feeding
Maxillectomy and soft-tissue closure
Hard palate resection
Mandibulectomy and titanium plate reconstruction
Mandibulectomy and bone ﬂap reconstruction

1 [1–26]
7 (n = 1)
1 [1–1]
14 [12–26]

Resumption of NBP treatment
Yes
Zoledronate (monthly)
Pamidronate (monthly)
Alendronate (weekly)
No

7
5
1
1
23

Values of continuous variables are given as median and minimum and maximum
values (between parentheses). Values of categorical variables are given as the
number of subjects with the characteristic of interest.
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Figure 1 Proﬁle plots of oral pain during the study. Changes in oral pain during the study as detected by a visual analog scale (VAS) ranging from 0 (absent) to 10 (unbearable)
by steps of 1.

Table 4
Cumulative incidence of BRONJ.

3rd month
6th month
12th month
18th month
24th month

BRONJ (main outcome)

Death (concurrent outcome 1)

Loss to follow-up (concurrent outcome 2)

n

Cum. inc. (95%CI)

n

Cum. inc. (95%CI)

n

Cum. inc. (95%CI)

1
2
0
0
0

0.031 (0.002 to 0.137)
0.094 (0.024 to 0.223)
–
–
–

0
0
1
3
1

–
–
0.031 (0.002–0.137)
0.125 (0.039–0.262)
0.156 (0.057–0.300)

0
0
0
1
1

–
–
–
0.031 (0.002–0.137)
0.062 (0.011–0.181)

The analysis was done on a per-bone basis (n = 32) using non-parametric competing risk regression (see text for details). Abbreviations: Cum. inc. = cumulative incidence;
95%CI = 95% conﬁdence intervals; n = number of incident cases at given time-point.

Discussion
In the present study, we evaluated the effectiveness of surgical
resection of the jaws in cancer patients with BRONJ. Although a
standardized surgical approach to BRONJ has been proposed, the
presently available series of surgical patients do not provide robust
evidence as they are heterogeneous in terms of the underlying disease (cancer vs. osteoporosis), bisphosphonate use and route of
administration (intravenous vs. oral), and type of surgery (marginal vs. segmental resection).16–19 Moreover, these series lack detailed and long-term follow-up data, which are essential as BRONJ
may recur in surgical patients up to 14 months of follow-up.20 To
control for these potential confounders, we selected only cancer
patients treated with intravenous NBP, performed the same surgery and followed them regularly for 24 months.
It should be pointed out that we assessed the margins and the
extent of bone resection using MR and CT and used CT to evalu-

ate bone healing during follow-up.12,21 We consider this a major
strength of our study, as BRONJ is primarily a bone disease, despite the fact that it is often evaluated only on clinical
grounds.16,17,22 Clinical judgment may underestimate the extent
of bone involvement, as we have previously observed that, in
cancer patients, BRONJ may extend well beyond the exposed
bone in the oral cavity.8 In addition, clinical judgment may
underestimate the amount of bone resection during surgery and
diseased, albeit vascularized, bone left in place may become later
evident as ‘‘new’’ foci of BRONJ, even at distant sites.23 In this
way, ‘‘new’’ foci may actually be ‘‘recurrent’’ foci and this possibility has to be taken into account when interpreting the available studies.16–19 Most of our patients were in BRONJ stages 2
or 3. However, one third of them were in stage 0, as they would
be classiﬁed using current criteria.2 Our data show that also stage
0 patients (non-exposed BRONJ) can have refractory disease
similarly to more advanced stages and this is the reason why
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patients with different stages of BRONJ underwent the same
treatment in the present study.
We used histological analysis of bone margins to evaluate the
appropriateness of bone resection as they were determined preoperatively only on the basis of CT and MR. Importantly, the presence
of osteomyelitis at one margin of resection was a predictor of
BRONJ recurrence. It seems clear that clinical and radiological healing depend on the presence of healthy bone at the margins of
resection. In fact, all patients that relapsed during the follow-up
had osteomyelitic involvement of the margins of resection. BRONJ
recurrences in our study may be attributed to preoperative CT and
MRI artifacts that did not allow us to establish realistic margins of
resection. We also found that CT signs of recurrent disease are
apparent within 6 months after surgery and precede clinical manifestations of BRONJ.
Researchers who oppose to surgical resection of BRONJ do so on
the basis that the life expectancy of these patients is low and their
quality of life is negatively impacted by major surgery.9 However,
our study shows that a reasoned selection of patients and interventions can lead to very good results, which may actually improve
the quality of life. Two thirds of the patients underwent a resection
limited to one side of the maxilla or mandible. Expectedly, they
had a quicker recovery than who underwent subtotal jaw resection
and reconstruction with vascularized bone. However, post-operative morbidity, duration of hospital stay and rehabilitation times
of the latter were comparable to those of patients undergoing
microvascular jaw reconstruction because of osteoradionecrosis.24
We used pain as a patient-oriented outcome of successful surgical
resection. A sudden decrease of pain was detected in all patients
after surgery. Most patients with normal bone histology at baseline
maintained low VAS pain scores. However, pain gradually increased in the patients who had osteomyelitis and BRONJ recurrence. A limitation of this study is that, because of the low
number of events, we could not assess the inﬂuence of a number
of potential risk factors on BRONJ recurrence rate (e.g., NBP type
and dosage).
In conclusion, our study shows that jawbone surgical resection
might cure BRONJ, with little morbidity and good survival, provided that a cautious selection of patients is performed and an
accurate diagnosis is made pre-operatively. The fact that only
27% of the patients evaluated during the study period underwent
jawbone resection shows that this treatment cannot and should
not be offered to all BRONJ patients. An histopathological assessment of the resection margins may be useful to predict BRONJ
recurrence but needs further conﬁrmation.
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