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Abstract

INTRODUCTION
Bisphosphonates are used in the treatment of osteoporosis and bone metastases. They inhibit 

osteoclast function, thereby decreasing bone resorption. A side effect of these drugs is bisphos-

phonate-related osteonecrosis of the jaw (BRONJ), which can be difficult to treat. The purpose 

of this study was to evaluate the surgical treatment protocol used in our hospital for BRONJ 

patients. The patients were retrospectively analyzed and followed-up at the Leiden University 

Medical Center.

METHODS
All patients who were referred to our hospital with therapy-resistant BRONJ between 2003 and 

2014 were seen. At first presentation, the clinical features, medical and dental history, bisphos-

phonate use, and the use of other medications were recorded. Patients underwent surgical 

intervention, performed by senior surgeons, following the principles of our previously published 

protocol.

RESULTS
Seventy-four patients were followed-up for 6-96 months. Curation was successful with this surgi-

cal approach in 93.2% of the patients.

DISCUSSION
All the patients were cured with our surgical protocol, for up to 5 years after surgery. We con-

clude that this treatment protocol has a high success rate in treating all stages of BRONJ.
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Introduction

Bisphosphonates are medications used to treat osteoporosis and bone metastases. They 

decrease bone resorption by inhibiting the resorption function of the osteoclasts, and by 

causing apoptosis of the osteoblasts. In addition, they reduce pain, and resolve hypercalcemia 

in bone-metastasized cancer. Bisphosphonates are reported to have side effects, mainly gas-

trointestinal complaints. However, a rare but more severe side effect is the risk of developing 

bisphosphonate-related osteonecrosis of the jaw (BRONJ). Many authors have claimed BRONJ to 

be difficult to treat. The first cases were reported in 20031. Although several reports have since 

been published, the exact pathogenesis remains unclear. While some authors state that it has 

a spontaneous origin2-4, others claim that it has a dental or a traumatic etiology5-8. Despite the 

difference in opinions on the etiology of BRONJ, the treatment recommendations are either, 1) 

non-invasive approaches9,10, which involve treatment with antibiotics, or a chlorhexidine mouth 

rinse, or removal of loosened sequestra, or 2) invasive approaches with sometimes aggressive 

surgical methods that often involve resection of large parts of the jaw with free-flap osseous 

reconstructions. BRONJ, if untreated at an early stage, involves worsening of the symptoms with 

possibly serious consequences such as pathological fractures9,11,12. Recently more authors have 

promoted early surgical intervention13-17.

The initial BRONJ patients in our institution were treated with a simple surgical intervention 

based on the treatment of chronic suppurative osteomyelitis (CSO) of the jaws. These patients 

seemed to respond very well to this treatment18,19. This treatment was based on the treatment 

of chronic suppurative osteomyelitis, which has a dental cause19. As mentioned earlier, BRONJ 

seems to show a dental cause, thereby strongly suggesting a similar pathogenesis of BRONJ and 

CSO. We believe that early surgical intervention produces the best treatment results in BRONJ. 

Therefore, the purpose of this study was to evaluate our combined surgical and antimicrobial 

method of BRONJ patients. Secondary outcomes were to characterize the patients by investigat-

ing clinical features, medication use, (dental) history and (previous) treatment.

Methods

In this cohort study, consecutive patients referred from other clinics, presenting with therapy-

resistant BRONJ, were treated and retrospectively analyzed. The study population consisted of 

all patients presenting for evaluation of BRONJ between January 2003 and December 2014 in the 

department of Oral & Maxillofacial Surgery of the Leiden University Medical Center. At presenta-

tion, the clinical features, medical and dental history, bisphosphonate use, and the use of other 

medications were noted.
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The inclusion criterion for this study was a BRONJ diagnosis according to the criteria stated by 

the American Association of Oral and Maxillofacial Surgeons (AAOMS)2. This implies a recent use 

of bisphosphonates, the presence of exposed or necrotic bone in the oral cavity for more than 8 

weeks, and no history of radiation therapy to the jaws. Further, a minimum bisphosphonate use 

of at least 12 months intravenously or 24 months orally was necessary for inclusion. The patients 

who used both oral and intravenous (IV) bisphosphonates were considered as IV users, for the 

purpose of this study.

The first aim of this study was to observe the result of our combined surgical and antimicrobial 

treatment.

Curation was classified as present or absent and defined as a situation with no complaints, and 

the presentation of a healed, closed mucosa. Additionally healing was classified as ideal if there 

was a closed mucosa within 2 weeks of surgery and non-ideal if a closed mucosa was reached 

after this amount of time or if needed an extra intervention (antibiotics or surgery). The patients 

were followed-up for at least 6 months: weekly in the first postoperative month; monthly, a 

month after; every 3 months, after 3 months post-surgery, up to a maximum of 5 years. During 

the follow-up the main focus was on the mucosa, and whether dehiscence or recurrence of the 

exposed bone had developed.

Secondary aims were to characterize the patients with BRONJ. Variables studied consisted of sex, 

age, bisphosphonate indication, duration of bisphosphonate use and administration manner. 

The duration of complaints and other medication (immunosuppressants, steroids, cytostatics) 

were studied. Clinical features (location and stage), dental history (luxating moment) and (previ-

ous) treatment were investigated. The collected data were statistically analyzed with SPSS.

At presentation, panoramic radiographs were taken of all the patients to localize the lesion, and 

to gain a first impression of the lesion. Then, a computed tomography (CT) scan was used to 

determine the extent of the defect. The clinical features and the radiological findings, together, 

defined the stage of BRONJ, based on the AAOMS classification10 (Table I). The patients with an 

absence of any radiological findings on the X-ray or CT scan, but with clinical bone exposure, 

were categorized as stage I. Radiological findings on the CT scans such as osteolysis and seques-

tra in the alveolar process were categorized as stage II. Osteolysis in large parts of the jaws or 

pathologic fractures was categorized as stage III.

The patients underwent surgical intervention as reported before18,19. Surgery was performed 

by senior surgeons. The surgical approach consisted of the removal of the sequestra, thorough 

surgical removal and saucerization of the non-vital bone until reaching the bleeding bone mar-

gins, and closing the defect primarily in layers (Fig. 1). This meant closing the periosteum as close 

to the bone as possible with mattress sutures, leaving no or as little dead-space as possible when 
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Table I Classification Stages BRONJ and recommendations by Ruggiero et al., 2009 (AAOMS)2.

BRONJ stage Description Treatment strategies

At risk category No apparent necrotic bone in patients who 
have been treated with either oral or IV 
bisphosphonates

No treatment
Patient education

Stage 0 No clinical evidence of necrotic bone, but 
nonspecific clinical findings and symptoms

Systemic therapies including pain medications 
and antibiotics

Stage I No symptomatic lesions or bone exposure 
in the absence of signs of infection

Topical antiseptic therapy
Follow-up

Stage II Bone exposure with pain, infection, and 
swelling in the area of the lesion

Oral antibiotics, antibacterial mouth rinse, pain 
control
Superficial debridement to relieve soft tissue 
irritation

Stage III Bone exposure, pain, inflammation, 
maxillary sinus involvement, cutaneous 
fistulas, and pathological fractures

Antibacterial mouth rinse
Antibiotic therapy and pain control
Surgical debridement and resection for longer 
term palliation of infection and pain

Figure 1 Surgery

A: Preoperative sequestra and persistent extraction socket, B: Defect closed primarily in layers, C: Six months post-operation.
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closing the overlying mucosa in layers. During the surgery, no gastric tube was placed, culture 

samples were collected, and the resected bone was submitted for histopathological analysis.

The surgical treatment was supplemented by the administration of the antibiotics, penicillin 

G and metronidazole, intravenously for 1 week, and amoxicillin and metronidazole, orally for 3 

weeks.

Panoramic radiographs were taken immediately after surgery, and every 3–6 months, for up to 

1-year after the surgery, in order to monitor the condition of the bone margins and the healing 

of the bone. After 1-year, an annual radiographic follow-up was considered sufficient.

Overlying dentures were not allowed during the first 12 weeks in order to avoid pressure and 

damage to the mucosa, which could lead to dehiscence of the wound. The patients were in-

structed to maintain a liquid diet postoperatively for 2 weeks, and were permitted a soft diet 

after that period.

Results

Seventy-four patients were included in this retrospective cohort study. These patients were 

surgically treated and followed-up for 6–96 months.

Patient characteristics (Table II)
Most patients (56.7%; n = 42) had osteoporosis as an indication for bisphosphonate use. In this 

group, 26 patients used bisphosphonates because of the use of steroids such as prednisolone 

(in cases of rheumatoid arthritis). The most common malignancies (n = 30) were breast cancer 

(60.0%; n = 18), prostate cancer (16.7%; n = 5), and multiple myeloma (20.2%; n = 6).

The clinical features are listed in Table 1. The ages of the female (83.8%; n = 62) and the male 

(16.2%; n = 12) patients varied from 26 to 91 years, with a mean of 67.9 years.

BRONJ was located in the maxilla in 11 patients, in the mandible in 58 patients, and in both 

the jaws in 5 patients. Fifty-two patients were found to have stage III disease, and 22, stage II.

Oral bisphosphonates had been used in 40 cases, with a minimum of 24 months and a maximum 

of 120 months (mean = 68.0). Intravenous bisphosphonates had been used in 34 cases, including 

both oral and intravenous use (n = 6), with a minimum of 12 months and a maximum of 96 

months (mean = 31.2 months). In 45 patients, steroids, such as prednisone, or methotrexate 

were used as co-medication.
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The luxating moments of the BRONJ were mainly extractions (73.0%; n = 54), implants (13.5%; n 

= 10), and pressure sores due to ill-fitting dentures (5.4%; n = 4). All BRONJ were retraceable to 

a dental surgery/origin.

Surgical outcome
The majority of patients (n = 72) were treated under general anesthesia. After the surgery, all 

patients were followed-up for at least 6 months. In 69 patients (93.2%), curation was achieved 

by the senior surgeons using our previously established surgical approach (Table III). Of these, 

curation was achieved within 2 weeks (ideal healing) in 48 patients (31 cases of stage III). They 

presented a healed and closed mucosa with no pain or complaints.

During the follow-up, these patients had no extraordinary pain or recurrences. All panoramic 

radiographs taken during the follow-up showed an ingrowth of bone, without further osteolysis. 

Table II Clinical features

Gender
Male
Female

62
12

74

Indication
Osteoporosis
Multiple Myeloma
Prostate Cancer
Breast cancer
Other

42
6
5
18
3

74

Intravenous use
Zoledronic acid
Pamidronic acid

10
24

34

Oral use
Alendronic acid
Risedronic acid
Ibandronic acid

30
9
1

40

Co-medication
None
Steroids
Immunosuppressants
Cytostatics
Combination

29
19
5
11
10

45

Location
Mandible
Maxilla
Both

58
11
5

74

Luxating moment
Extraction
Implants
Pressure soar
Other dental cause (periodontitis, apical pathology)

54
10
4
6

74
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Of these patients, 28 were using co-medications such as prednisolone, immunosuppressants, 

and cytostatics.

There were 21 patients (17 cases of stage III) who were not cured within 2 weeks. They all 

presented with small dehiscences or fistulae that were initially treated with antibiotics. Six pa-

tients were cured within a few weeks with an extended use of antibiotics. Thirteen patients still 

needed a minor second surgery. This involved a small curettage, and sequestrectomy under local 

anesthesia. Treatment under general anesthesia in this group was necessary in only a few cases. 

Of the patients with non-ideal healing, 53.9% (n = 14) were using co-medication.

Five patients were not cured. In one patient, a reconstruction plate had been placed, and the 

plate was visible intraorally. This patient died before another surgery. The other patients had 

small non-producing fistulas or dehiscences with no other complaints, despite antibiotics or a 

second surgery.

Four patients died of metastases. The remainder of the patients reported an acceptable quality 

of life following the first surgery, and therefore, refused any more surgery during the follow-up.

Table III Treatment results.

0 10 20 30 40 50 60

Healed <2wk

Healed >2wk

Not healed

Number of patients

Stage II

Stage III

Healing: 
ideal <2wks (n=48); 
not ideal >2wks (n=21); 
not healed (n=5)
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Discussion

In this study consecutive patients, referred from other clinics, presenting with therapy-resistant 

BRONJ, were treated and retrospectively analyzed. Secondary aims were to characterize the 

patients by investigating sex, age, medication use, medical and dental history, (previous) treat-

ment and the duration of complaints.

This study demonstrates that our surgical method, reported earlier18,19, leads to curation in a 

high number (93.2%) of BRONJ patients without serious adverse events in the affected area. 

Our results are consistent with those of other recent reports13-17. These authors seem to have 

achieved, more or less, the same rate of healing with comparable surgical intervention. Re-

moving the infected and non-vital bone thoroughly, closing the defect with vital periosteum, 

leaving as little dead-space as possible, and then closing in layers, allows the bone to be fully 

covered, and gives it the opportunity to heal under the most optimal conditions, thus increasing 

the chances for curation. The wound is more prone to dehiscences and delayed healing if the 

mucosa is not closed in layers.

Of the 74 patients, 45 used co-medication. Although it was expected that the use of co-medication 

such as steroids, immunosuppressants, and cytostatics could have a negative influence on bone 

healing20-23, we did not find any significant difference in bone healing (P = 0.366) between the 

co-medication users and the non-users. We did see a tendency towards worse outcomes since 

four of the five patients with dehiscences were on co-medication, but of the 26 patients who did 

not have ideal healing, only 14 used co-medication. There is a tendency in co-medication cases 

to exhibit less than ideal outcomes. However, in contrast to previous reports20,22, we have not 

found a significant difference to establish that as a fact.

Another reason for dehiscences and the necessity for secondary procedures could be the 

advanced stage (stage III) of the BRONJ disease. In the non-ideal healing group, 16 of the 21 

patients had stage III, and only five had Stage II BRONJ. Previous reports, and even the AAOMS, 

recommend large resections for stage III disease. However, we were able to cure most of our 

patients by a conservative surgical treatment with thorough saucerization of the bone. Despite 

the conservative surgery, no significant difference in healing was found between the stage III and 

stage II cases (P = 0.146).

We noticed more mandibular cases than maxillary or bimaxillary cases. This is probably because 

the maxilla contains less cortical bone, and has a better vascularization than the mandible. 

However, its ability to heal was not significantly better, since the non-ideal group was even in the 

number of maxillae and mandibles.
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The duration of bisphosphonate use and the duration of complaints were both not significant 

factors in the outcome. These values were comparable not only in both the closed and open 

groups, but also in the ideal and non-ideal group.

In contrast to some reports24, an association between the healing and the type of bisphos-

phonates, or the mode of administration (P = 0.157) could not be found. The results of the 

comparison between the two variables were the same. Even zoledronic acid seemed to have a 

comparable outcome, as did alendronic acid or pamidronic acid. This could be, because once the 

bone is saturated with bisphosphonates, the result is similar.

There is still a lot of discussion on the treatment of BRONJ. However, a majority of the reports 

express reservations about surgical treatment. Some authors report worsening of symptoms, 

pathological fractures or even loss of parts of the jaw upon surgical treatment9-11. Although, 

treating the patients with only mouth-rinses or antibiotics might reduce the symptoms, and 

provide temporary relief, it will not resolve the problem. Instead, this may lead to a larger, 

therapy-resistant osteonecrosis, which will be difficult to treat. There are several examples in 

the literature, of the worsening of BRONJ in inadequately-treated patients12,17,25. Treatment 

under local anesthesia showed a tendency to lead to a second surgery under general anesthesia. 

This may be due to the fact that, under local anesthesia, thorough treatment with adequate 

saucerization could be more difficult.

Given these results and the ongoing debate on the treatment of BRONJ, our focus should change 

towards a better prevention of dental problems before starting with bisphosphonate treatment. 

In addition since the exact pathogenesis of BRONJ is still unknown, further research is manda-

tory.

Conclusion

The high success rate of the combined surgical and antimicrobial treatment in this study, the 

relative long follow-up, and the fact that our findings are consistent with literature suggests that 

this combined surgical and antibiotic protocol is the treatment of choice at all stages of BRONJ. 

Hence, our results are of clinical relevance in the ongoing debate about the treatment of BRONJ.
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