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Abstract The introduction of bisphosphonates has

increased in the last decade following their indication for

metastatic bone diseases, osteoporosis, hypercalcaemia of

malignancy and Paget’s disease. Although bisphosphonates

have been used clinically for more than three decades there

have been no documented long-term complications of their

effects on the jaws until recently, where there is now

growing evidence of the influence of bisphosphonates on

osteonecrosis of the jaws. The aim of this paper is to report

a case of this newly described complication, to review this

phenomenon, including the clinical implications and to

reiterate current clinical guidelines for management of

patients in which bisphosphonate therapy is indicated. To

the best of our knowledge this is the first reported case of

bisphosphonate-induced necrosis of the jaw in South

Africa.
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Introduction

The first published report on the effects of a bisphospho-

nate (BP) was in 1965 by Fleish et al. on the influence of

pyrophosphates on calcification [1]. They found that

pyrophosphate has a high affinity for calcium crystals and

impairs its formation as well as its dissolution in vitro and

inhibits its calcification in vivo. It was this action that lead

to it being envisaged for treatment of ectopic calcification.

However when taken orally, the pyrophosphates were

rapidly metabolised and rendered inactive.

By substituting the oxygen molecule with a carbon in

pyrophosphate, a class of bisphosphonates (BPs) was

developed that was resistant to biological degradation. BPs

also have two additional groups in their molecule that are

attached to the central carbon, named R1 and R2 respec-

tively. By varying the substitutions in the R2, a number of

BPs can be created that vary in clinical and biological

potency. These BPs are potent inhibitors of bone resorp-

tion. After being taken up they are embedded in bone

exerting their action with long lasting effect. The skeleton

has a large capacity to retain BPs [2, 3]. Generally, BPs are

classified into two main classes dependent on the presence

or absence of nitrogen in the R2. The nitrogen BPs (N-BPs)

are the most potent and are represented by alendronate

(Fosamax1, PO) [Merck, Whitehouse Station, NJ, USA],

ibandronate (Bondronat1, PO, Boniva1, PO) [Roche,

Nutley, NJ, USA], pamidronate (Aredia1, IV), zoledronic

acid (Zometa1, IV) [Novartis, East Hanover, NJ, USA, and

risedronate (Actonel1, PO) [Proctor & Gamble, Cincin-

nati, Ohio, USA], whilst the non N-BPs are mainly

etidronate (Didronel1, PO) [Proctor & Gamble, Cincinnati,

Ohio, USA], clodronate (Bonefos1, PO) [Aventis Pharma,

Bridgewater, NJ, USA] and tiludronate (Skelid1, PO)

[Sanofi, Bridgewater, NJ, USA].

Bone is homeostatically controlled by mineralisation

and resorption by osteoblasts and osteoclasts respectively.

Non N-BPs inhibit resorption by forming a toxic ATP

analogue whilst N-BPs inhibit farsenylpyrophosphate

synthase, both resulting in inactivation of osteoclasts

as well as induction of their apoptosis [2–4]. These
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mechanisms result in decreased bone resorption and bone

turnover. Recently it has also been suggested that BPs have

antiangiogenic and antitumour properties [5, 6]. It is these

precise mechanisms that have resulted in their indication

for metastatic disease, multiple myeloma, and management

of hypercalcaemia due to malignancy, Paget’s disease and

osteoporosis. Their use has resulted in reduced bone pain

and improved quality of life and skeletal related events for

cancer patients.

Although BPs have been used clinically for more than

three decades there have been no documented long-term

complications until recently with the publication of a few

reported cases of gastrointestinal and renal complications

[7] and now growing evidence of the influence of BPs on

osteonecrosis of the jaws [8–12]. Recently there have been

reported cases of avascular necrosis of the hip in patients

receiving BP treatment for multiple myeloma, suggestive

of BP-induced osteonecrosis manifesting first in the jaws

but being a truly systemic complication in patients who

survive longer [13]. Concerns of oversuppression of bone

turnover and accumulation of micro-damage with long

term use of BPs have also been highlighted recently and

raises concern of impaired bone strength following long

term use [14–16]. There are however others who believe

that this is merely theoretical with no clinical basis

[17–19].

Classically, in BP-induced osteonecrosis, patients pres-

ent with severe pain usually associated with a non-healing

extraction socket with exposed jaw bone with or without

sequestra, localised swelling and loosening of teeth [5, 10,

20, 21]. Approximately 75% of these signs and symptoms

usually follow dental treatment, but they can appear

spontaneously [22]. Treatment with intravenous BPs seem

to have a higher risk of developing this disorder, with an

incidence estimated to affect 1 per 10,000 patients [23, 24],

although cases with oral administration have been reported

[5]. The incidence for patients taking alendronate (Fosa-

max1), the most commonly prescribed oral BP, has been

estimated to occur in approximately 0.7 per 100,000 per-

son/years exposure [23] whilst, the incidence for other oral

BPs, risedronate (Didronel1), and ibandronate (Bondro-

nat1, Boniva1), cannot yet be quantified because too few

cases have been reported [24].

Case report

The patient, a 67-year old female presented in November

2005 with a long time concern of worsening pain in her

lower jaw. Eight months prior to her first attendance, the

first lower right premolar tooth was extracted. The pain did

not abate, even after two separate courses of antibiotics

over a period of time. She gave a history of being a con-

trolled diabetic; on Warfarin for previous deep vein

thrombosis and medication for the management of breast

carcinoma with secondaries to the bone and lung, which

was diagnosed some 4-years previously. Following the

diagnosis of breast carcinoma she was on monthly intra-

venous zoledronic acid (Zometa1) and oral Letrozole

(Femara1, PO) [Novartis, East Hanover, NJ, USA]. There

was no history of radiation therapy, especially none to the

jaws.

Signs and symptoms of myofacial pain were present

bilaterally. There was no regional lymphadenopathy.

Intraorally, the teeth appeared non-carious, exhibited incisal

wear patterns and there was neither tooth mobility nor signs

of gross periodontal disease. Two months after the initial

consultation, the anterior mandibular first and second inci-

sors and the left mandibular canine were extracted because

of severe pain. The panoramic radiographs before and after

the extractions of the teeth show no evidence of rarefraction

or any increase or decrease in jaw bone density (Fig. 1A,

B). The patient showed no gross exposure of the alveolar

bone, however there was marked thinning and erythema of

the alveolar mucosa with definitive alveolar bone necrosis,

which had persisted for over 11 weeks. Bone exposure

appeared imminent, with a focal area of necrotic bone

exuding from an extraction site. Based on the guidelines

outlined by the American Association of Oral and

Maxillofacial Surgeons (AAOMS) in 2007 [25], a diagnosis

of an early stage 2 BP-induced osteonecrosis of the jaw was

favoured over a ‘conventional’ osteomyelitis.

The patient was definitely within a risk category, being

treated with IV BPs for breast carcinoma, without any

radiation therapy. The dentoalveolar surgery appeared to

have increased the risk of development of the BP-induced

osteonecrosis rather than being the primary cause of the

osteonecrosis. In view of the persistent presence of necrotic

Fig. 1 Panoramic radiographs

prior (A) and post extraction

(B) show no rarefraction or any

increase or decrease in jaw bone

density
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bone with the associated infection as evidenced by pain and

erythema in the region of the imminent bone exposure, a

BP-induced osteonecrosis of the jaw was favoured,

regardless of the use of the oral BPs.

Even though it is clinically well recognised that

inflammation and bone regeneration results in increased

technetium uptake, a technetium bone scan was performed

six months following the second set of extractions, in view

of the severe anterior mandibular bone pain. This revealed

marked activity, not only at the extraction site, which one

would expect to be ‘‘hot’’, but also in the symphyseal

region of the mandible, with prominence in other bones of

the skeleton. A previous technetium scan done in 2001

showed no activity within the anterior lower facial bones

(Fig. 2 A, B).

Bilateral symphyseal core biopsies were done through a

vestibular incision to exclude the possibility of secondary

metastatic tumour deposits. Microscopic examination of

both biopsies revealed irregular trabeculae and sheets of

non-vital bone, which were devoid of osteocytes. The bony

margins were scalloped, however there was no osteoclastic

activity observed. There were associated necrotic debris,

haemorrhage, and foci of suppuration (Fig. 3A, B). Whilst

very occasional filamentous bacterial elements were

identified, microbiological culture was not performed to

determine the exact nature of these organisms. This was

due to the fact that at this stage metastatic breast carcinoma

within the mandible, and not BP-induced osteonecrosis,

was the primary diagnostic concern. In addition, the larger

portion of bone showed cellular intervening fibrofatty

marrow tissue that showed evidence of fibrosis. There was

no representation of a draining sinus. Features of metastatic

breast carcinoma were not observed in either of the biopsy

specimens. This was confirmed with the negative immu-

nostaining in the presence of adequate preparations and

controls with a pan cytokeratin marker, MNF116 [Dako;

Glostrup, Denmark] and a more specific breast marker,

gross cystic disease fluid protein-15 (GCDFP-15) [Signet

Laboratories, Inc.; Dedham, Massachusetts, USA]. An

initial diagnosis of chronic suppurative osteomyelitis was

made, which was later confirmed as being consistent with

the use of BPs on combined review with the scans and

history.

Following the diagnosis of BP-induced osteonecrosis,

the zoledronic acid (Zometa1) was stopped in consultation

with the oncologist and an international expert in this field,

Prof. Robert Marx, chief surgeon from the Department of

Surgery at the University of Miami. Penicillin (Len V.K.1,

PO) [Aspen, Port Elizabeth, South Africa] four times a day

was empirically prescribed for a period of 2 months with

significant improvement in symptoms. The Femara1 was

continued. Eight months after the initial consultation a

further technetium scan was obtained which showed dis-

tinct reduced activity in the symphysis (Fig. 2 A), keeping

in mind that the use of the scan is non-specific and not

pathognomonic for BP-induced osteonecrosis.

Discussion

To the best of our knowledge this is the first reported case

of BP-induced osteonecrosis in South Africa. There have

been many reported cases in the United States [8, 10, 12,

22], in Greece [4] and in Australia [11, 26, 27]. All cases

presented with similar clinical presentations following BP

therapy. The salient clinicopathologic features of these

cases are summarised in Table 1.

An analysis of these cases [28–41], including the

current case, reveals a female predominance (206 women,

147 men), with a male-to-female ratio of 0.7:1. The

Fig. 2 Technetium scans taken

in 2005 (A) and 2001 (B)

respectively, indicating

pronounced activity in the

symphyseal region of the

mandible in 2005

Fig. 3 (A, B) Chronic

suppurative osteomyelitis as

evidenced by the sheets and

irregular trabeculae of non-vital

bone, with no evidence of

metastatic carcinoma

(Haematoxylin and eosin stain;

964)
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osteonecrosis involved patients over a wide age range, with

patients ranging between the ages of 36 and 89 years. Most

patients were within the seventh decade of life. The man-

dible (320 cases; 63.1%) was more commonly involved

than the maxilla (146 cases; 28.8%), whilst some patients

showed osteonecrosis of both jaws (41 cases; 8.1%). The

primary pathology for which oral BPs were initially pre-

scribed included multiple myeloma (244 cases; 49.1%),

followed by breast carcinoma (176 cases; 35.4%), prostate

carcinoma (29 cases; 5.8%), osteoporosis (20 cases; 4.0%),

lung cancer (10 cases; 2.0%) and other specified conditions

(16 cases; 3.2%). We have reviewed a total of 511 cases

including the current case, and the clinico-pathologic fea-

tures and treatment outcomes are in concordance with the

findings of Woo et al. [41] who reviewed 368 published

cases of BP associated osteonecrosis of the jaws. The

average time between the use of the BP and the first evi-

dence of bone exposure/necrosis ranged from about 9 to

14 months [22]. Regardless of the wide range of available

treatment options, there appears to be stabilisation of

necrosis in most patients following conservative rather than

surgical management [29].

This disorder is refractory to the conventional treatment

of debridement and bone contouring procedures. Attempts

at debridement only increase the defect size and expose the

patient to a greater risk of pathological fracture, despite the

presence of vascularised bone at the resected margins.

Surgery is thus generally counterproductive and hyperbaric

oxygen therapy has yielded little success [10, 21, 22].

The actual mechanism of development of the BP-

induced osteonecrosis has yet to be elucidated. Two theo-

ries have been put forward. Firstly, that BPs induce

compromised vascularity of the jaws as they are known to

be antiangiogenic, by decreasing vascular endothelial

growth factor (VEGF), inducing apoptosis of the endo-

thelial cells and inhibiting capillary neoangiogenesis [4, 9,

10, 22]. These events lead to avascular necrosis of the jaws.

The apoptotic rate of both osteoclasts and keratinocytes

have also been increased, which in turn may decrease the

oral mucosa keratinocyte barrier and predispose the osteon

to oral flora [4].

The second hypothesis is that the ischaemia is thought to

be induced through dense, poorly formed bone via the

anticlastic mechanism of BPs as they alter the cytoskeletal

morphology of osteoclasts including integrin signalling,

trafficking of endosomes and disruption of the ruffled

border [30]. Here, the everyday extreme cycling of the jaws

in masticatory function results in microstress and micro-

fractures of the jaw bones. These in turn signal the

osteoclastic and osteoblastic resorption and remineralisa-

tion of the damaged bone respectively. Due to the

osteoclastic inhibition, there is no release of bone

morphogenic protein, with no induction of osteoblastic

differentiation resulting in an acellular and avascular

osteon [5, 22].

Histologically the affected area presents as osseous

necrosis with progression onto sequestration as noted in our

patient. Interestingly it has been reported that bacterial

cultures often reveal Actinomyces as the organism most

cultured [13, 14, 22, 42, 43]. Other micro-organisms

commonly implicated include Eikenella corrodens as well

as other commensal oral flora [4, 22].

Clinical recommendations for the use of BPs in cancer

patients have been suggested [44–46]. However, defini-

tive recommendations for the prevention and detection of

BP-induced osteonecrosis are not possible at present due

to the lack of sufficient evidence based data. Although

the incidence of BP-induced osteonecrosis is low, prac-

titioners treating patients with bone disease need to be

aware of the refractory nature of this condition. We

recommend caution in management of patients utilising

BP therapy.

A comprehensive dental examination and management

should be undertaken prior to BP therapy [47]. Any tooth

of questionable prognosis should be extracted. Oral

hygiene and any restorative dental work should be opti-

mised. Ill-fitting prostheses should be managed.

Once therapy has been initiated regular oral and dental

follow up is essential. Intrabony biopsies should be avoided

unless required to rule out metastatic spread. In such

instances, bacterial cultures should be undertaken if pos-

sible. Patients presenting with osteonecrosis and currently

on BP therapy should be largely managed with oral rinses,

antibiotics and if necessary local debridement; palliation

and control of infection being of primary concern [11, 21,

22]. Initially it was believed that cessation of BP admin-

istration was essential in the management of BP-induced

osteonecrosis [4, 48]. However, current guidelines indicate

that cessation of BPs is not recommended given their

clinical benefit as well as their prolonged effect on the bone

[5, 21, 22]. According to the AAOMS on BP-related

osteonecrosis of the jaws [25] discontinuation of intrave-

nous (IV) BPs offers no short-term benefit, whilst

discontinuation of oral BP therapy in patients with BP-

induced osteonecrosis has been associated with gradual

improvement in clinical disease. Thus if systemic condi-

tions permit, modification or cessation of both IV and oral

BP therapy should be done as long-term discontinuation of

BPs has been shown to be beneficial. A distinction between

cancer and osteoporosis should be highlighted, whereas

unlike the patient with malignancy, it may not be in the

best interest of the patient with osteoporosis to continue

with BP therapy, as alternative therapies are available and

should be considered [24].
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Conclusion

Awareness of this newly described complication of BP

therapy is important to promote detection and prevention of

the resulting devastating osteonecrosis. The significant

benefits conferred to patients on BP therapy should how-

ever not be discounted, and its use should be reliably

controlled by the attending oncologist. Further research on

the pharmacokinetics and pharmacodynamics of BPs as

well as on the epidemiologic factors, pathophysiology and

microbiology of this particular type of osteonecrosis is

necessary to opine true evidence based guidelines. Until

then we recommend that the care be taken in the diagnosis

and treatment of these patients to decrease the risk of this

debilitating complication.
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