
Abstract. Aim: Bisphosphonate-related osteonecrosis of the
jaw (BRONJ) is a serious oral complication of supportive
cancer therapy and the best method of treatment is still
unclear. The purpose of this article is to analyze the type of
treatment and outcome in a large patient cohort with
BRONJ. Patients and Methods: A total of 142 patients
suffering from BRONJ at different sites were studied. All
patients had been treated with intravenous bisphosphonates
for various oncological disease. A descriptive analysis of all
relevant patient data was performed with particular
emphasis on surgical outcome. Results: The mandible was
affected in 58% of the patients. All but two patients had
previous invasive dental procedures. The mean duration of
bisphosphonate treatment was 37.1 months. A total of 86% of
the patients were treated surgically, including
sequestrectomies and mandibular resections. Soft-tissue
reconstruction was achieved by local closure, myofascial flap
using the mylohyoid muscle, and a vascularized
fasciocutaneous flap in one patient. No bony reconstruction
was performed. Conclusion: Surgical treatment of BRONJ
remains challenging. There is only limited evidence that
oncologic patients with BRONJ are candidates for
vascularized bone reconstruction. 

Since the first report in 2003 (1), the number of publications
describing the development of osteonecrosis of the jaw in
patients receiving bisphosphonates has increased continuously.

The introduction of bisphosphonates into the arma-
mentarium was a determining step in the prevention and
treatment of skeletal metastases and osteoporosis, as well
management of multiple myeloma, Paget’s disease and
hypercalcaemia. 

The beneficial effects of bisphosphonates are to inhibit the
resorption of trabecular bone by osteoclasts, preserve its
density and prevent the loss of bone mass and pathological
fractures (2, 3). Bisphosphonates are divided into two classes
according to the presence of a nitrogen side chain on the
pyrophosphate group. The non-nitrogen containing
bisphosphonates (etidronate, clodronate, tiludronate) lead to
apoptosis of osteoclasts by disturbance of cellular energy
pathways. The nitrogenous bisphosphonates (pamidronate,
alendronate, ibandronate, zoledronate) inhibit the 3-hydroxy-
3-methyl-glutaryl-coenzyme A (HMG-CoA) reductase
pathway and block the building of hydrophobic molecules
which are essential for maintenance of cell membranes,
cellular protein connections and trafficking, and hormone
production. Inhibition of the HMG-CoA reductase pathway
disturbs proper osteoclastogenesis and apoptosis. Changes in
cytoskeletal dynamics of osteoclasts disrupts their adherence
to the bony surface (4, 5). 

The clinical appearance of bisphosphonate-related
osteonecrosis of the jaw is defined as exposed necrotic bone
of the oral cavity for at least 8 weeks in patients without
previous radiotherapy to this area (3, 6-8). Invasive dental
procedures, parodontitis, and constant microtrauma can lead
to  bacterial contamination and infection of the necrotic
jawbone, which are accompanied by pain, swelling, non-
healing ulceration and loosening of teeth. In an advanced
phase, radiological changes such as bone mottling and
osteolysis, bony sequestra, and thickened and sclerotic
lamina dura can be observed. A reduced bone turnover leads
to residual ‘ghost sockets’ after teeth removal, which can
persist for years (9-11). 

The prevalence of BRONJ, especially that following
intravenous administration of bisphosphonates, has been
underestimated in the past; recent findings revealed a range
up to 18%, depending on treatment duration (12-19).
Generally, the prevalence of osteonecrosis of the jaw among
patients taking bisphosphonates orally ranges from 0.001%
to 0.2% (10, 15, 19, 20), the relative proportion of patients
with BRONJ associated with oral bisphosphonate therapy
releative to all BRONJ patients has been found to range from
0.02% to 7.8% (21-23). 
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The hypotheses regarding  the development of BRONJ are
controversial. Different theories have attempted to explain
such a devastating jaw-specific side-effect of
bisphosphonates, such as interference in the regular
remodeling processes of the jaw by disturbing of function and
apoptosis of osteoclasts (24-26). Other authors postulate as
further theories the toxicity of bisphosphonates on fibroblasts
and endothelial cells (27), bony microcracks (28), bacterial
infection of the jaw, especially by actinomycetes, but also
novel forms of yeast, spirochetes and treponemes (29, 30).
The risk of BRONJ might be associated with i.v.
bisphosphonate use and increased duration of treatment (8,
24, 29, 31). A review of 2,400 BRONJ patients this year
revealed extractions to be a predisposing factor in 67% and
spontaneous development in 26% of cases (32). Furthermore,
chemotherapy (55%), steroid use (32%), periodontal disease
(16%), hormone therapy (9%), smoking (3%), diabetes (2%),
hyperlipidemia (2%) and alcoholism (1%) were identified as
potential risk factors (32), results which had been confirmed
by other reviewers (14, 33-35). 

The mandible is affected by BRONJ twice as often as the
maxilla (31). The treatment of BRONJ is difficult, and the
reported cure rates are poor (36-38). At present, monitoring
and prevention of surgical procedures and trauma are the
most important measure for at risk patients (39-41). In
severe cases, however, surgical procedures are necessary
despite their controversial status in the literature.
Recommended therapeutic modalities range from cautious
sequestrectomies  to the resection of the affected mandible
followed by rigid plate fixation without bony reconstruction
(8, 24, 42, 43). Marx et al. and Ruggiero et al. have
advocated against microvascular bone reconstruction in
cases of BRONJ (24, 39). Some authors even recommend
aggressive surgical debridement of necrotic bone areas and
immediate reconstruction of defects with vascularized
grafts (42-47).

The purpose of this study was to analyze a large patient
cohort suffering from BRONJ of various stages from a single
instititution, with particular emphasis on surgical
management of this complication.

Patients and Methods
Institutional Review Board approval was obtained from Hannover
Medical School (Hannover, Germany). All patients who were
referred to our institution between August 2003 and January 2010
with a suspected diagnosis of BRONJ were analyzed retrospectively
based on the individual patient record, imaging files and surgical
treatment. The clinical database included patient demographics,
indications for bisphosphonate use and route of administration (oral
or i.v.), and preoperative morbidities related to BRONJ (soft-tissue
fistula, pain, infection, pathologic fracture, surgical procedure).
Patients were followed-up long-term to determine any surgical
complication or residual BRONJ. All data were subjected  to a
descriptive data analysis.

Results

A total of 142 patients with a proven diagnosis of BRONJ
were treated at our institution from 2003 to 2010. There
were 95 female patients and 47 male patients, ranging in
age from 38 to 94 (median age 62 years) years. On initial
clinical examination, most patients complained of a painful
exposed bony area in the upper or lower jaw (Figure 1). In
addition to clinical examination all patients underwent
further diagnostic imaging including orthopantomogram
and cone-beam computed tomography (CBCT) to assess the
full extent of the involved bone area (Figure 2). In most
patients (58%), the mandible was involved, the maxilla was
involved in 27%, and both jaws were involved in 15% of
the patient cohort. All patients had previous or ongoing
bisphosphonate medication for various oncologic diseases
(Table Ι). With regard to the various bisphosphonates given,
the analysis revealed that 97% of the patients received
nitrogen-containing bisphosphonates intravenously such as
zolendronate (57.7%), followed by pamidronate in 14.8%
and ibandronate in 14.1% of the patient population (Table
I). The mean duration of bisphophonate treatment was 37.1
months (range 5 to 130 months ) in our patient population.
All but two patients developed bisphosphonate-associated
osteonecrosis following minor surgical procedures (tooth
extraction, apiectomies). The majority of patients (86%)
required surgical interventions of the involved necrotic
bone areas under local or general anesthesia. Patients
received pre- and postoperative i.v. antibiotic medication
with penicillin or clindamycin. Surgical treatment
comprised transoral sequestrectomy in the exposed bone
area and tension-free soft tissue closure. In patients with
large exposed necrotic bone areas (64%), a marginal bone
resection was performed followed by local soft tissue
closure. In those patients (n=6) with extensive
osteonecrosis, infection or pathologic fracture of the
mandible, a continuity resection of the involved mandible,
with immediate rigid fixation using titanium reconstruction
plates was performed using a submandibular approach
(Figure 3). No vascularized bone transfer was performed.
In cases of oral soft-tissue breakdown, a myofascial flap
from the mylohyoid muscle proved to be a reliable method
to close soft-tissue defects of the lateral mandibular area.
This procedure was performed in 20 patients. Only in one
patient with advanced BRONJ, infection, and pathologic
fracture of the mandible was intraoral soft-tissue
reconstruction  performed using a fascio-cutaneous
vascularized graft from the upper lateral arm. It is
noteworthy that in 40% of the treated patients, additional
surgical interventions were required due to refractory
BRONJ.  In only 14% of the patients was conservative
treatment, consisting of intensive oral irrigation with
chlorhexidine and antibiotic medications,  effective. 
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Figure 1. Extensive osteonecrosis of right maxilla in a 57-year-old
patient with metastasizing breast cancer. She was treated with i.v.
zolendronate for 4 years and had undergone extraction of an upper
premolar tooth 2 years earlier.

Figure 3. A 54-year-old patient with metastasizing breast cancer had been treated with i.v. zolendronate for 4 years. Following tooth extraction
while she was off bisphosphonate treatment, she developed extensive osteonecrosis of the left mandible with pathologic fracture (a). She underwent
segmental resection of the affected mandible with a submandibular approach (b). The surgical specimen shows extensive necrotic bone with
pathologic fracture (c). Mandibular reconstruction was achieved using a titanium reconstruction plate (d).

Figure 2. Axial cone-beam CT of the mandible shows extensive sclerosis,
mottling, cortical destruction and sequestra formation.



Discussion

BRONJ is a rare but significant complication, mostly seen in
oncologic patients who are being treated with
bisphosphonates (48). The current literature supports a stage-
dependent treatment and if resection is required, only
conservative defect reconstruction. In contrast, there is a

small group of authors advocating in favor of microvascular
bone reconstruction in selected patients (42-47). In the
present study, in a total of 23 patients suffering from
advanced BRONJ, mandibular resection and immediate
microvascular bone reconstruction was performed. Although
the technical feasibility of this approach was demonstrated, it
is probably too early to draw definitive conclusions with
regard to general recommendations for patients with
advanced BRONJ.

There is a growing number of publications focusing on the
outcome of surgical treatment of BRONJ (49-52). Van der
Wyngaert et al. concluded in their analysis over two years that
73% of patients showed residual BRONJ after conservative or
surgical therapy (49). In a recent study, Scoletta et al. (36)
reported 54.1% responders in 37 patients treated with
conservative or surgical therapy. However, only 23% of
BRONJ resolved after conservative therapy in 4,019 patients
(13). In a multicenter study, Abu-Id et al. reported healing after
marginal or segmental bone resection in 86% of cases
compared with 46% responders after conservative therapy (11). 

There is a consensus among all experts as to the difficulty
of treating BRONJ and the importance of prevention. The
risk of developing BRONJ can be reduced by optimized oral
and dental health and regular monitoring of patients treated
with bisphosphonates. Patients should be informed by
treating clinicians of the low but real risk of developing
BRONJ and of the importance and necessity for regular
dental visits and prophylactic dental treatment (39). 

It can be concluded that there is no general consensus at
present on the extent of surgical resection and reconstruction
in cases of advanced BRONJ. Only by continuously expanding
our knowledge of this serious side-effect and by careful long-
term follow-up of patients will it hopefully become more
evident if such extensive surgical reconstructions are justified
at all in cancer patients at risk for lengthy surgical procedures. 
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Table I. Characteristics of patients with bisphosphonate-related
osteonecrosis of the jaw (n=142). 

N %

Gender
Male 47
Female 95

Age, years
Median 62
Range 38-94

Disease    
Breast cancer 51 36
Prostate cancer 20 14
Plasmocytoma 34 24
Renal cell carcinoma 14 10
Non-Hodgkin lymphoma 1 1
Acute myloid leukemia 1 1
Thyroid cancer 7 5
Colon cancer 1 1
Pancreatic cancer 1 1
Lung cancer 8 6

Type of bisphosphonate
Etidronate 1 0.7
Risedronate 3 2.1
Clodronate 1 0.7
Pamidronate 21 14.8
Alendronate 12 8.5
Ibandronate 20 14.1
Zolendronate 82 57.7
Pamidronate/ibandronate 2 1.4

Time of exposure, months
Mean 37.1
Range 5-130

Site of BRONJ
Mandible 82 58
Maxilla 39 27
Both jaws 21 15

Treatment
Non-surgical 20 14
Surgical 122 86

Type of surgery
Sequestrectomy, local closure 17 14
Sequestrectomy, myofascial flap 20 16
Marginal bone resection 78 64
Segmental bone resection, plate 6 5
reconstruction
Segmental bone resection, soft   1 1
tissue reconstruction (free fascio-
cutaneous flap), plate reconstruction
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