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Abstract

Objective: To describe and evaluate the effectiveness of oral and dental prevention strategies for cancer patients who were
about to begin bisphosphonate (BP) intravenous therapy with zoledronate.
Methods: Patients were divided into 2 groups according to their history with BPs: group PA (preventive approach) and group
OB (observation). Group PA patients had never been previously treated with BPs, and group OB patients had already undergone
therapy with BPs. All patients received a complete oral and dental examination and had a panoramic radiograph. If necessary,
oral hygiene, and restorative and rehabilitation therapy were offered to patients. All patients participated in regular checkups
every 6 months. Group PA patients underwent oral surgical procedures, as needed.
Results: A total of 282 patients (162 women, 120 men) were included in this analysis (PA: n = 217; OB: n = 65). In group OB, 4.6% of
patients presented with osteonecrosis of the jaw (ONJ) at first visit and 10.8% developed new ONJ during the 18-month followup period. No patients in group PA had ONJ. Anti-angiogenic therapy was associated with ONJ (p < 0.01) and patients with a
higher number of zoledronate infusions were significantly more likely to develop ONJ (p < 0.01).
Conclusion: Although the incidence of BP-related ONJ is fairly low, it remains a painful and difficult complication to treat. An
interdisciplinary preventive approach is essential to prevent and manage this condition.

O

steonecrosis of the jaw (ONJ)
is a rare pathologic condition, which has many possible
causes.1 Reported risk factors are
having head and neck radiotherapy,
chemotherapy, periodontal disease,
edentulous regions, dental procedures
involving bone surgery and trauma
from poorly fitting dentures.2-4 Since
2003, numerous reports have associ-
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ated ONJ with intravenous (IV) and
oral bisphosphonate (BP) therapy. 5
BPs are pyrophosphate analogs that
generally reduce bone resorption and
turnover.6 These drugs have been used
for resorptive bone diseases, including
Paget’s disease of bone, hyperparathyroidism, osteogenesis imperfecta,
osteoporosis, and hypercalcemia associated with malignancies; and for a
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the present study was to evaluate the effectiveness
of preventive strategies in 217 patients who underwent therapy with BPs at the department
of dentDES CONNAISSANCES
DENTAIRES INDISPENSABLES
istry in Riuniti di Bergamo Hospital.
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Methods

Figure 1: Bisphosphonate-related exposed necrotic bone
in the right anterior maxilla in a 70-year-old woman.

variety of patients with metastatic bone lesions
from breast cancer, prostate cancer and multiple
myeloma.7,8
The particular BP drug used in therapy depends
on the required potency and medical condition.
For patients with osteoporosis, oral BPs are used,
whereas for cancer patients with bone or skeletal
metastases more potent IV BPs are used.9,10 BPs
differ one from another in the substitution of the
active side chains on their phosphorous-carbonphosphorous structural backbone. The first generation of BPs (clodronate, etidronate) possesses
alkyl or halide side groups. The second generation (pamidronate) is characterized by an aminoterminal moiety and has 10 to 100 times greater
antiresorptive potency than first generation BPs.
Zoledronate is a representative of third generation BPs that possess an imidazole ring in the side
chain. Zoledronate is about 100 times more potent
than pamidronate and more than 4 orders of magnitude stronger than first generation BPs.11
According to the American Association of
Oral and Maxillofacial Surgeons’ position paper,12
patients are considered to have BP-related osteonecrosis of the jaws (BRONJ) if all 3 of the following
characteristics are present: 1) current or previous
treatment with a BP, 2) exposed, necrotic bone
in the maxillofacial region that has persisted for
more than 8 weeks and 3) no history of radiation therapy to the jaws (Fig. 1). Diagnosis may be
delayed because, initially, BRONJ has no specific
radiographic features.9 The main clinical signs and
symptoms of BRONJ are pain, mucosal swelling,
areas of exposed and necrotic bone, tooth mobility,
erythema, and ulceration, abscesses and ﬁstulas.13
Because of a lack of data about BRONJ,14 the aim of
• 2 of 7 •

Based on the recommendations of the
American Association of Oral and Maxillofacial
Surgeons’ task force on BRONJ,12 282 patients were
referred from the department of oncology to the
department of dentistry, from January 2007 to
November 2008, to undergo dental evaluation
and receive necessary treatment before initiating
IV therapy with zoledronate. All patients in the
study provided written informed consent before
the interview and visit. Information about their
demographic characteristics, smoking habits, lifetime alcohol consumption and health history was
collected.
Patients were divided into 1 of 2 groups
according to their BP history: group PA (preventive
approach) or group OB (observation). Patients in
group PA had never been previously treated with
BPs, whereas patients in group OB had already
undergone therapy with BPs. Patients in group
PA received a thorough clinical oral examination
with visual inspection and palpation of the neck
node regions, inspection of the oral and pharyngeal mucosa, periodontal examination and caries
assessment. Finally, a panoramic radiograph was
done to identify any radiographic anomalies.
On the same day, patients were informed about
the possible risk of BRONJ. Dental risks factors15
were identified: presence of dental plaque and calculus; retained root tips; caries; dental infection,
including periapical lesions and periodontal disease; periodontally compromised teeth (pocket
depth ≥ 5 mm, clinical attachment level > 50%,
mobility II and III, furcation); or poorly fitting
dentures.12
In the following days, all patients were treated
to remove dental risk factors. Professional oral
hygiene was done on the second visit; restorative and surgical procedures were done in the
following visits. Oral surgery was aimed at preventing or treating bone infections; patients were
advised about the risks of the surgical treatment.
Finally, patients’ teeth were rehabilitated and oral
hygiene instructions were given.
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jcda

ca

ESSENTIAL DENTAL KNOWLEDGE

Published by

The Canadian Dental Association

jcdaf

ca

jcda

J Can Dent Assoc 2011;77:b147

ca

ESSENTIAL DENTAL KNOWLEDGE

Published by

The Canadian Dental Association

Patients in group OB visited the dental clinic
and had a panoramic radiograph. Dental risk factors were identified and patients were informed
of the possible risk of BRONJ. If necessary, oral
hygiene, and restorative and rehabilitation therapy
were offered to patients.
Patients in both groups participated in regular
checkups every 6 months, during which oral
hygiene instructions were given again and patients
were motivated to maintain good oral hygiene.
Patients were instructed to report any swelling,
pain or exposed bone. Overall, patients were followed for more than 18 months.
Statistical Analysis

The distribution of patients’ characteristics, including demographics, medical history
and therapy, was evaluated. The presence of ONJ
was stratified by smoking status, medical history
and number of zoledronate infusions; significant
heterogeneity was assessed with the χ2 test. All
p values reported were considered to be statistically significant at p < 0.05.

Results
A total of 282 patients (162 women, 120 men)
were included in this analysis (Table 1). Overall,
subjects ranged in age from 30 to 75 years; the
median age was 67 years. The majority (275/282,
95.7%) of patients in the study were Italian. Less
than 50% (137/282) of patients were affected by
breast cancer, followed by prostate (18.8%, 53/282),
lung (14.2%, 40/282) and kidney (6.0%, 17/282)
cancer. None of the patients reported coagulopathies (data not shown).
Sixty-five (23.0%) of the 282 patients underwent previous therapy with BPs (group OB)
(Table 1). Of these 65 patients, 13 (20.0%) reported
current smoking and 3 (4.6%) reported alcohol
consumption; 3 (4.6%) had diabetes. Forty (61.5%)
patients received IV zoledronate for a median
duration of therapy of 8 months, a mean of
11 infusions and a mean cumulative dose of 4 mg.
Three (4.6%) had BRONJ at their first visit, and
7 (10.8%) developed new BRONJ during the
18-month follow-up period. Dental extractions
were done for 4 (6.2%) of these 65 patients in
group OB.
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Table 1 Characteristics of patients in the study
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No. (%) of patients in group
Characteristic

PA
(n = 217)

DES CONNAISSANCES
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OB
(n = 65)
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Demographics
Sex
Female
Male
Country of birth
Italy
Othera
Age category in yearsb
30–39
40–49
50–59
60–69
70+
Medical history
Smoking status
Never
Current
Alcohol consumption
Never
Ever
ONJ before visit
No
Yes
New ONJ during follow-up
No
Yes
BPs before visit
Alendronate
Clodronate
Ibandronate
Pamidronate
Risendronate
Zoledronate
Dental extraction
No
Yes
No. of infusions before visitc
0
1–6
7–12
13–18
19+

113 (52.1)
104 (47.9)

49 (75.4)
16 (24.6)

211 (97.2)
6 (2.8)

64 (98.5)
1 (1.5)

6 (2.8)
25 (11.5)
35 (16.1)
69 (31.8)
82 (37.8)

0 (0.0)
8 (12.3)
11 (16.9)
26 (40.0)
20 (30.8)

198 (91.2)
19 (8.8)

52 (80.0)
13 (20.0)

214 (98.6)
3 (1.4)

62 (95.4)
3 (4.6)

217 (100.0)
0 (0.0)

62 (95.4)
3 (4.6)

217 (100.0)
0 (0.0)

58 (89.2)
7 (10.8)

0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)

10 (15.4)
5 (7.7)
4 (6.2)
3 (4.6)
1 (1.5)
40 (61.5)

200 (92.2)
17 (7.8)

61 (93.8)
4 (6.2)

213 (98.2)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)

6 (9.2)
27 (41.5)
15 (23.1)
5 (7.7)
12 (18.5)
Continued on page 4
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Table 1 Continued from page 3
No. of new zoledronate
infusions d
0
1–6
7–12
13–18
19+

jadc

93 (42.9)
66 (30.4)
32 (14.7)
10 (4.6)
12 (5.5)

15 (23.1)
24 (36.9)
9 (13.8)
7 (10.8)
9 (13.8)

BPs = bisphosphonate, OB = observation, ONJ = osteonecrosis of the jaw, PA = preventive
approach.
a
Because of the small sample size, Africa, America, Asia and Australia were collapsed into
the Other category.
b
Median age (interquartile range) in years: group OB, 67 (55–73); group PA, 67 (57–72).
c
Mean no. of infusions ± standard deviation (SD): group OB, 0 ± 0.0; group PA, 11 ± 15.2.
d
Mean no. of new zoledronate infusions ± SD: group OB, 4.3 ± 6.2; group PA, 7.6 ± 7.7.

Nineteen (8.8%) of the 217 patients in group PA
reported current smoking, 3 (1.4%) reported alcohol
consumption and 10 (4.6%) had diabetes (Table 1).
None of the patients in group PA developed BRONJ
in the following 18 months. Dental extractions were
done for 17 (7.8%) of these patients.
The mean number of new zoledronate infusions
for patients in group PA and group OB was 4.3 and
7.6, respectively (Table 1).
Stratified analyses (Table 2) of those patients
in group OB who had ONJ at first oral examination (3 patients) showed that anti-angiogenic
therapy (sunitinib malate) was significantly associated with ONJ (66.7% versus 33.3%; p < 0.01).
Also, patients with higher infusions of BPs were
more likely to develop ONJ (p < 0.05). In the
group with new ONJ, BRONJ was observed in
1 patient who previously underwent BP therapy
with alendronate; in 2 patients, with ibandronate;
in 1 patient, with risedronate; and in 3 patients,
with zoledronate (p < 0.01). Patients with a higher
number of zoledronate infusions were significantly
more likely to develop BRONJ (p < 0.01). No significant associations with ONJ were observed for
the following variables: sex, age, smoking status,
alcohol consumption, hyperviscosity, diabetes,
radiotherapy, corticosteroid therapy and dental
surgical procedures.

Discussion
In this study, all patients received BPs because
they had oncological diseases. Although the mech• 4 of 7 •

anism of BRONJ is still not clear, many reports
ascribe a causative role to therapy with BPs.16
The cumulative incidence of BRONJ
in patients
DES CONNAISSANCES
DENTAIRES INDISPENSABLES
receiving IV BPs for malignant disease ranges from
l’Association dentaire canadienne
0.8% to 12.0%.12 In the current study,
7 (10.8%) of
65 patients in group OB developed BRONJ. None
of the patients in group PA developed BRONJ, in
contrast to the findings of previous studies.17,18
The results of the current study had a lower incidence rate of BRONJ than those reported by
Boonyapakorn and colleagues17 (28.0%, n = 80)
and by Badros and colleagues18 (24.5%, n = 90).
The preventive strategies adopted for this study
may have been effective and reduced the risk of
osteonecrosis. Indeed, data from another casecontrol study19 indicate that preventive dental
treatment decreased the risk of BRONJ among
patients with malignancy treated with IV BPs.
In the current study, all new cases of BRONJ
developed in patients who previously underwent therapy with BPs, and people with a higher
number of zoledronate infusions were significantly more likely to develop BRONJ (p < 0.01).
Length of exposure seems to be an important risk
factor for this complication. Similarly, in a study
from Germany,17 the median time of exposure for
patients with ONJ was higher than that for patients
without ONJ (32 months versus 27 months).
Moreover, studies suggest that the incidence of
ONJ is related to the type of BP used.20 In the current study, all patients with BRONJ received zoledronate therapy. As suggested by the American
Society of Clinical Oncology, zoledronate is one
of the most powerful inhibitors of bone resorption
within the drug class of BPs and its potency is the
basis for the high incidence of BRONJ.21
Type 2 diabetes mellitus is frequently comorbid with ONJ.22 In the current study, 13 (5%) of
282 patients had type 2 diabetes mellitus, none
of whom developed ONJ during the 18-month
follow-up period. These data differ from those of
an Israeli study23 that reported that 58% of their
31 patients with ONJ had type 2 diabetes mellitus.
Two cases of ONJ occurred in patients with a history of both BP and anti-angiogenic therapy in our
study. Although the numbers are very small, our
findings suggest that anti-angiogenic therapy may
be another important risk factor for developing
ONJ.
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Table 2 Osteonecrosis of the jaw in the OB group by smoking status, medical history and number of zoledronate infusions

jadc

No. (%) of patients with
ONJ before visit

No. (%) of patients with
CONNAISSANCES
new ONJ DES
DENTAIRES INDISPENSABLES

No
(n = 62)

Yes
(n = 3)

p value

No
(n = 58)

Yes
(n = 7)

Never

50 (80.6)

2 (66.7)

0.55

45 (77.6)

7 (100.0)

Current

12 (19.4)

1 (33.3)

13 (22.4)

0 (0.0)

Smoking status
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p value
0.16

Hyperviscosity
No

61 (98.4)

Yes

1 (1.6)

3 (100.0)

0.82

0 (0.0)

57 (98.3)
1 (1.7)

7 (100.0)

0.72

0 (0.0)

Diabetes
No

59 (95.2)

Yes

3 (4.8)

0 (0.0)

3 (100.0)

No

35 (56.5)

2 (66.7)

Yes

27 (43.5)

1 (33.3)

No

60 (96.8)

1 (33.3)

Yes

2 (3.2)

2 (66.7)

No

55 (88.7)

3 (100.0)

Yes

7 (11.3)

0.70

55 (94.8)

7 (100.0)

3 (5.2)

0 (0.0)

34 (58.6)

3 (42.9)

24 (41.4)

4 (57.1)

54 (93.1)

7 (100.0)

0.53

Radiotherapy
0.72

0.16

Anti-angiogenic therapy
< 0.01

4 (6.9)

0.47

0 (0.0)

Corticosteroids
0.53

0 (0.0)

51 (87.9)
7 (12.1)

7 (100.0)

0.33

0 (0.0)

BPs before visit
Alendronate

10 (16.1)

0 (0.0)

9 (15.5)

1 (14.3)

Clodronate

5 (8.1)

0 (0.0)

5 (8.6)

0 (0.0)

Ibandronate

4 (6.5)

0 (0.0)

2 (3.4)

2 (28.6)

0.89

Pamidronate

3 (4.8)

0 (0.0)

3 (5.2)

0 (0.0)

Risedronate

1 (1.6)

0 (0.0)

0 (0.0)

1 (14.3)

Zoledronate

39 (62.9)

3 (100.0)

37 (63.8)

3 (42.9)

No

59 (95.2)

2 (66.7)

55 (94.8)

6 (85.7)

Yes

3 (4.8)

1 (33.3)

3 (5.2)

1 (14.3)

< 0.01

Dental extraction
0.05

0.34

No. of infusions before visit
4 (6.5)

0 (0.0)

6 (10.3)

0 (0.0)

1–6

0

26 (41.9)

0 (0.0)

25 (43.1)

2 (28.6)

7–12

15 (24.2)

2 (66.7)

14 (24.1)

1 (14.3)

13–18

< 0.05

5 (8.1)

1 (33.3)

4 (6.9)

1 (14.3)

12 (19.4)

0 (0.0)

9 (15.5)

3 (42.9)

0

15 (24.2)

0 (0.0)

15 (25.9)

0 (0.0)

1–6

22 (35.5)

2 (66.7)

7–12

8 (12.9)

1 (33.3)

19+

0.37

No. of new zoledronate
infusions
0.55

23 (39.7)

1 (14.3)

9 (15.5)

0 (0.0)

13–18

7 (11.3)

0 (0.0)

5 (8.6)

2 (28.6)

19+

9 (14.5)

0 (0.0)

5 (8.6)

4 (57.1)

< 0.01

BPs = bisphosphonates, OB = observation, ONJ = osteonecrosis of the jaw.
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One important limitation of this study was the
lack of precise data about patients’ smoking habits.
Heavy smokers are more likely to develop ONJ and
are less cooperative during treatment.24 As a consequence, future studies should include detailed data
about tobacco smoking to avoid potential biases.
Further, given the long-term biologic activity of IV
BPs, more follow-up is needed to establish whether
new cases of BRONJ may develop.
Although the incidence of BRONJ is fairly low,
it remains a painful and difficult complication
to treat. An interdisciplinary approach involving
dentists, medical oncologists, oral and maxillofacial surgeons, and others is a good strategy to
prevent and manage this condition. Also, a preventive regimen involving the maintenance of good
oral hygiene should be emphasized. Clinicians’
encouragement should help ensure their patients’
compliance. a
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