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BACKGROUND: Bisphosphonate-related osteonecrosis

of the jaws (BRONJ) presents the clinician with significant

management dilemmas. The purpose of this study was to

distil information related to this disorder by compre-

hensively reviewing the literature.

METHODS: The structure and function of bisphospho-

nates, and their role in the development of BRONJ will be

discussed, as will the possible mechanisms through which

this pathology develops. A review of cases presented in

the literature will be undertaken, and suggestions offered

as to the management of this pathology in terms of sur-

gical and conservative approaches.

RESULTS: Presentation of BRONJ is currently more

common in patients taking intravenous forms of bis-

phosphonates, but there is a fear that the long-term

cumulative effects of oral bisphosphonates may see

BRONJ increasingly occurring in this patient group.

CONCLUSIONS: Prevention is superior to treatment,

and the establishment of meticulous oral hygiene and

pre-emptive surgical treatment prior to commencement

of bisphosphonate therapy is recommended.
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Introduction

Osteonecrosis (ON), death of bone, occurs as a result of
impaired blood supply (1). Both cancer and its treat-
ment have been associated with an increase in the risk of
ON, with the most common site of presentation being
the femoral head (2). Osteonecrosis of the jaws (ONJ) is
well documented in patients who have had radiation
therapy of the head and neck, and is termed osteo-
radionecrosis (ORN).

Since the introduction of bisphosphonates, there have
been increasing reports in the literature of the occur-
rence of ON of the jaws in patients taking these
medications (1, 3, 4). The intravenous, nitrogen-con-
taining bisphosphonates (pamidonate and zoledronate)
have dominated this presentation (5, 6); however, there
have also been cases of ONJ in individuals taking long-
term oral preparations such as alendronate. A direct
correlation has been demonstrated between the use of
pamidronate, zoledronate, and less often, alendronate
and the painful exposure of the bone in the mandible
and maxilla (2, 4). With an increase in bisphosphonate
prescriptions there is the potential for a dramatic
increase in case presentation (7).

Historically, bisphosphonates date back to the middle
of the 19th century, where their use was mainly
industrial. Their biological characteristics were first
reported in 1968 (8). Bisphosphonates have evolved
since the 1970s when these preparations were first used
in medicine. In the early 1990s bisphosphonates were
employed as a diagnostic agent in various disorders of
bone and calcium metabolism (9). Currently, oral
bisphosphonates are used widely in the treatment of
osteoporosis (10–13). Intravenous regimes are designed
to treat the complications of metastatic disease and
primary osteolytic pathology of bone (multiple myeloma
and Paget’s disease). These drugs have been successful in
ameliorating the effects of hypercalcaemia of malig-
nancy and associated pain of osteolytic bone pathology
(14, 15).

Bisphosphonates appear to express their effects at
three levels: tissue, cell and molecular (6). Two broad
theories have been articulated to explain the pathogen-
esis if bisphosphonate-related osteonecrosis of the jaws
(BRONJ). One centres on the bisphosphonate induced
osteoclast inhibition and the other explains the process
in terms of antiangiogenic mechanisms (2). Both try to
address the predilection for this occurrence in the jaws.
In most cases the development of ONJ in those taking
bisphosphonates has been associated with trauma,
predominantly dental extraction (3, 4, 16, 17). However,
there have been reports of spontaneous occurrences in
the absence of overt trauma (18).
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During the course of this paper, the structure and
function of bisphosphonates will be discussed. The role
these drugs play in the development of ONJ and the
possible mechanisms through which this pathology
develops will be explored. A review of cases presented
in the literature will be undertaken. Finally, suggestions
offered as to the management of this pathology in terms
of surgical and conservative approaches, and the impact
cessation of bisphosphonates has on the course of these
treatments will be outlined.

Structure of bisphosphonates

Bisphosphonates contain a phosphate-carbon-phos-
phate (P-C-P) backbone with two side chains, R1 and
R2 attached to a carbon atom (18, 19). The R1 chain,
usually a hydroxyl group, enhances the compounds’
affinity for bone, but has no antiresorptive effect (19).
The structure and conformation of R2 confers the
antiresorptive potency of the compound and determines
its efficiency (18, 19). The location of the two groups on
the same carbon atom identifies them as germinal
bisphosphonates and analogues of pyrophosphate (20).
Changing the side chain allows enormous variation in

structure giving each bisphosphonate its own chemical,
physicochemical and biological characteristics, thus
implying some caution in extrapolating results of one
compound to those of another regarding activity and
effect (20). Drug potency has increased with each
successive generation, as the R2 side chain was
lengthened, incorporated an amino group, and finally
a tertiary amino group giving the third generation a
potency 10 000-fold greater than the first (19).

Mechanism of action

Bisphosphonates are analogues of inorganic pyrophos-
phate (PPi). The 3D structure of bisphosphonates as
discussed above, allows chelation of divalent metal ions
such as calcium. This enables the bisphosphonates to be
rapidly cleared from the circulation to target hydroxy-
apatite at sites of active bone remodelling (21). The
bound bisphosphonates are released as the pH decreases
in the resorptive lacuna beneath the osteoclast (21).
Bisphosphonates can be separated into two general

classes according to their chemical structure and
molecular mechanism of action (21, 22). Simple bis-
phosphonates such as clodronate, etidronate and tilro-
nate which resemble PPi, and as such can accumulate
intracellularly in osteoclasts as non-hydrolysable ana-
logues of adenosine triphosphate (ATP) and induce
apoptosis (21). Simple bisphosphonates are incorpor-
ated into the osteoclasts and undergo condensation with
adenosine monophosphate (AMP). The metabolite
formed from this condensation reaction accumulates
intracellularly. It appears that inhibition of numerous
intracellular enzymes ensues, disrupting cellular func-
tion and resulting in apoptosis (21). These simple
bisphosphonates therefore act as pro-drugs which are
converted to active metabolites only following intra-
cellular absorption by osteoclasts. Their cumulative cell

cytotoxicity effectively inhibits bone resorption by
causing osteoclast apoptosis (21).

The nitrogen-containing and more potent bisphos-
phonates (N-BP) such as pamidronate, risedronate,
zoledronate and alendronate, inhibit sterol synthesis
via the mevalonate pathway, inducing osteoclast apop-
tosis and therefore inhibiting bone resorption via a
mechanism different from those employed by simple
bisphosphonates (21). Specifically, the farnesyl diphos-
phate synthase (FPP) is the enzyme in the mevalonate
pathway inhibited in osteoclasts (21). Importantly, only
nanomolar concentrations of the N-BP are required to
inhibit this enzyme which probably accounts for their
greater association with BRONJ than that of the earlier
PPi analogues. The more potent N-BPs act as isopre-
noid diphosphate lipid analogues inhibiting FPP syn-
thase in the mevalonate pathway. In doing so, these
compounds inhibit isoprenoid lipids essential for post-
translational farnesylation and geranylation of small
GTPase signalling proteins. Loss of these signalling
proteins is instrumental in loss of resorptive activity and
apoptosis of osteoclasts (21, 22).

Bisphosphonates affect the metabolic activity of bone
at the tissue, cell and molecular levels (3, 6). At the tissue
level, biochemical markers have demonstrated a reduc-
tion in bone turnover and resorption. The alteration in
bone formation is dictated by the degree to which bone
turnover is inhibited, given the two processes are
inextricably linked (3).

Bisphosphonates act at the cell level by targeting
osteoclasts and disrupting their function in several ways.
They inhibit osteoclast recruitment, reduce osteoclast
lifespan and inhibit bone surface activity of these cells.
In doing so, bone resorption is affected (3). In molecular
terms, studies suggest that the osteoclastic function is
altered by the interaction of bisphosphonates with either
a cell surface receptor or an intracellular enzyme (3).

There is also evidence that bisphosphonates act on
osteoclasts indirectly via their effects on osteoblasts (23).
This is thought to occur by altering osteoblast secretion
of soluble paracrine factors involved in regulation of
osteoclast activity (23). Reinholz et al. studied the effect
of bisphosphonates on cell proliferation, gene expres-
sion and bone formation by cultured foetal osteoblasts
(23). While osteoblast cell proliferation was reduced by
pamidronate, a dose-dependent increase was seen in
total cellular protein, alkaline phosphatase activity and
type I collagen secretion (23).

Comparison between zoledronate, a potent newer
analogue and the weaker acting etidronate were also
made using the same parameters. Zoledronate was
found to have equivalent potency in terms of inhibition
of cell proliferation, whereas higher concentrations of
etidronate were required to achieve a similar effect (23).
This difference was explained by a reduction in free
divalent ion concentration by etidronate and actions of
the more potent pamidronate and zoledronate were
executed by a more direct action on osteoblasts. These
more potent analogues also increased the rate of human
foetal osteoblast bone formation while etidronate had
no effect on this process. This may explain the in vivo
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differences between the potencies of the newer genera-
tion analogues and etidronate (23).

Once integrated into the skeleton, bisphosphonates
are only released when bone is destroyed during
physiological bone turnover. The skeletal half-life in
mice and rats, ranges between 3 and 12 months, but this
is >10 years in humans (20). Additionally, in vivo the
stability of the P-C-P bond to heat, the effect of chemical
agents, and enzymatic hydrolysis ensures that bisphos-
phonates are not metabolized.

Indications for bisphosphonate therapy

Bisphosphonates are in widespread use to stabilize bone
loss in post-menopausal women. The aim of therapy was
to preserve bone density by inhibiting osteoclastic
resorption of trabecular bone (2). Oral bisphosphonates
such as etidronate, risedronate, tiludronate and alendr-
onate are examples of bisphosphonates commonly used
in the management of osteoporosis (2, 3).

Normally, destroyed bone is replaced by bone for-
mation. For adults, this commonly occurs at sites where
remodelling in both trabecular and cortical bone surfa-
ces is taking place. The bone modelling unit (BMU) is
the dynamic unit of bone turnover, and remodelling
starts with the erosion of bone on the surface of the
trabeculae and the surface and interior of the cortex.
The resorptive path is linear and forms a canal within
the cortex and a trench on the surface of the cortex. A
tight temporal sequence governs the refilling of these
deficits by the osteoblasts, with resorption followed by
reformation. In normal situations there is no net deficit
in resorption or net gain in formation, thus a change in
turnover will have no influence on the total calcium
balance (10). The loss of bone and deterioration in
trabecular micro-architecture that defines osteoporosis,
results from a negative imbalance between bone resorp-
tion and formation. During childhood and adolescence,
resorption rates are also high; however, bone formation
is even higher which results in a net skeletal gain (10). In
post-menopausal women, there is an increase in bone
turnover which effectively reduces the mean degree of
mineralization of bone (MDMB) by disrupting secon-
dary mineralization of basic structure units (BSU).
Secondary mineralization is a slow and progressive
increase in mineral content that follows the primary
deposition of mineral substance on the calcification
front. With increased bone turnover post-menopause,
some of the BSU are resorbed before undergoing
complete secondary mineralization. There is literally
insufficient time for completion of crystal maturation
(11). Antiresorptive agents such as bisphosphonates
reduce bone turnover and thus prolong the duration of
secondary mineralization.

In the case of metastatic osteolytic disease of bone
and primary resorptive malignancies of bone (multiple
myeloma, Paget’s disease), more potent intravenous
bisphosphonates (pamidronate and zoledronate) are
used. The dual outcome of reduced resorptive effects
of the disease process, along with correction of severe
hypercalcaemia of malignancy, has served to consider-

ably enhance both the quantity and quality of life in
these individuals (2). Worldwide, over 3 million patients
have been treated with zoledronate and it is currently
the mainstay of treatment for hypercalcaemia of malig-
nancy (24).

According to the American Society of Clinical
Oncology, bisphosphonate therapy is considered a
standard in cases of moderate to severe hypercalcaemia
associated with malignancy, metastatic osteolytic
lesions associated with breast cancer and multiple
myeloma (3). Hypercalcaemia clinically results in
confusion, anorexia, abdominal pain, muscular pain
and weakness and left untreated can progress to renal
failure and death as dehydration occurs (7). Most cases
of bisphosphonate-related osteomyelitis and ON of the
jaws reported in the literature are associated with the
injectable forms of these drugs such as pamidronate
and zolodrenate (24). The long-term effects of the oral
bisphosphonates may yet prove to be of substantial
clinical concern given that alendronate, with 17 million
prescriptions, was listed as the 19th most common
prescription drug in 2003 (24).

Pathogenesis of BRONJ

Currently, the pathogenesis of BRONJ is not completely
defined, but may include bisphosphonate alteration of
angiogenesis or bone micro-architecture (25). Alternat-
ively mucosal inflammation in response to oral flora
may initiate a cascade of events that culminate in bone
necrosis (25). Additionally, genetic predisposition
centred on polymorphisms in drug or bone metabolism
offer a further possibility in what is likely to be a
multifactorial pathogenic model of BRONJ. The un-
known incidence of BRONJ in the general population
makes the possibility of wider pathogenic mechanisms
unclear at this stage (25).

Bisphosphonates are thought to concentrate in the
jaws due to the associated physiology of this part of the
skeleton. Namely the greater degree of vascularization
and the daily remodelling that occurs around the
periodontal ligament of the teeth (2). In addition, the
chronic nature of invasive dental disease, and the
treatment it requires, occurs in a location where adjacent
bone is minimally protected by a thin mucosal covering
(26). The fragility of this mucosal barrier is demonstra-
ted in cases of lingual mandibular sequestration with
ulceration resembling mild cases of BRONJ (27, 28).
This serves to explain in part why bisphosphonate-
related ON manifests itself mostly in the jaws and not
other sites of the skeleton (2).

Currently, two main theoretical positions attempt to
explain the mechanism for this complication of bisphos-
phonate therapy. The first explains the pathology in
terms of the osteoclastic-inhibiting effect of this class of
drug on the cessation of bone remodelling and bone
turnover (2). In the case of osteoporosis, the moderately
potent bisphosphonates control, rather than cure, and in
doing so have a less restrictive effect on osteoclastic
function. Unless these drugs are given over protracted
time frames to provide a cumulative effect, there is no
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significant prevalence of bone exposure in this treatment
group noted at this time (2).
The intravenous preparations used in the treatment of

metastatic disease, irreversibly inhibit osteoclasts via
interrupting the mevalonate pathway and the resulting
toxicity causes osteoclast apoptosis (2). Thus, the
malignancies that serve to activate osteoclasts can no
longer do so, preventing the malignancy from resorbing
bone into which it can then proliferate. Osteoblasts and
osteocytes have a 150-day lifespan. If on their demise,
there is no osteoclastic resorption of mineral matrix and
the resultant release of bone morphogenetic protein and
insulin-like growth to induce stem cell production of
osteoblasts, the osteon becomes acellular and necrotic
(2). There is subsequent involution of blood vessels
leaving the bone avascular. Any mechanism that leads
to the breakdown of the overlying mucosa will expose
the necrotic bone which fails to heal (2).
The second theory states that the inhibition of neo-

angiogenesis by bisphosphonates leads to loss of blood
vessels in the jaws and avascular necrosis (2). Pamidr-
onate and zoledronate have both been shown to inhibit
angiogenesis, inhibit capillary tube formation and inhi-
bit epithelial growth factor and vessel sprouting both
in vitro and in a rat model (2, 3). Inhibition of the
mavelonate biosynthetic pathway essentially inhibits the
GTP-signalling pathways that are also involved in
epithelial migration (29). These researchers propose that
such antiangiogenic effects of bisphosphonates accentu-
ate their use in osteolytic malignancies by having a
primary effect on tumour angiogenesis (29). This pos-
itive treatment effect may well be instrumental in the
increased incidence of ON in patients taking newer
generation bisphosphonates (29). Woods et al. demon-
strate clear evidence of both in vitro and in vivo
inhibition of angiogenesis by zoledronate in a dose-
related manner (29). However, others have argued that
drugs such as thalidomide, with far greater antiangio-
genic capacity, do not result in ONJ (2). Clearly, the
effect of bisphosphonates on angiogenesis in the devel-
opment of ONJ has yet to be fully elucidated (24).
Polizzotto and Wood share the opinion that ON in

the presence of trauma occurs as a result of bisphos-
phonate-reduced osseous remodelling and blood flow,
which prevent an appropriate response to increased
physiological demand (29, 30). McMahon et al., equated
the bisphosphonates with exogenous steroids and oes-
trogen as simply another stressor on bone that could
shift the balance in favour of ON (31). These authors
view these drugs as being just one of the many �hits’ in
the multiple-hit thrombosis model currently used to
describe ischaemic bone disease. McMahon et al.
cautioned against blind acceptance of an apparent
�growing epidemic’ of bisphosphonate-related ONJ,
implying that a multifactorial process was more likely
driving this presentation of ONJ than just the effects of
bisphosphonates (31).
The mechanisms involved in the development of

BRONJ remain incompletely defined; however, research
thus far point towards an alteration of bone metabolism
in conjunction with surgical insult or prosthetic trauma

as key factors in the pathological presentation (16).
Indeed, Polizzottto et al. have recently reported the first
case of proposed bisphosphonate-related ON outside
the region of the jaws (30). A 63-year-old male had
developed mobile teeth and bilateral exostosis of the
auditory canals. Surgical removal of the exostosis of the
left auditory canal and extraction of the mobile teeth
were undertaken. Painful, non-healing sockets devel-
oped post-operatively and a painless ulceration was
noted at the operative site of the left auditory canal
6 months post-treatment. Necrotic bone extending well
beyond the ulcerative margin was exposed. Both clinical
and radiographic examination excluded evidence of
malignancy or infection at both sites (30).

Many authors have reported cases where tooth
extraction was a precipitating event in the development
of BRONJ (3–5, 16, 17); however, reports of non-extrac-
tion cases emphasize the gaps in current understanding
regarding the spectrum of effects that bisphosphonates
have on bone metabolism, vascularization and co-mor-
bid conditions including effects of concurrent medica-
tions. These incidences should not serve to discount the
potential for devastating post-surgical extraction seque-
lae in those patients receiving intravenous bisphospho-
nates, rather the inconclusive data should impel both
researchers and practitioners to understand how these
drugs affect bone tissue and incite necrosis without
obvious mitigating trauma. Although the current inci-
dence of BRONJ is low (0.1–1% of all patients on
bisphosphonates) the possibility of a cumulative effect
towards a threshold dose is sobering (7).

Other potential risk factors for osteonecrosis

Although there appears to be increasing evidence
supporting the association of bisphosphonates with the
development of ONJ, other antiangiogenic drugs along
with the systemic effects of the underlying disease need
further evaluation to determine what role, if any, they
may have in the pathogenesis if this condition (32). It is
difficult to determine the individual importance of each
variable; however, it is not unreasonable to surmise that
several predisposing factors may act concurrently in the
development BRONJ (32). Most patients who develop
BRONJ, have also received or are receiving corticoster-
oids or chemotherapeutic agents (1). It is impossible
to analyse the relative contribution of chemotherapy
regimes given their considerable diversity and timing (1).
Similarly, there is no standardized regime for the use of
corticosteroids in the treatment of bony pathology, and
a research paradigm aimed at investigating the role these
agents play in bisphosphonate-induced ONJ is needed
(1).

Potential risk factors for ONJ other than bisphos-
phonates include corticosteroids, coagulopathy, alcohol
abuse, tobacco use, infections and inflammation (25).
Sixty-four percentage of the sample presented by Pires
et al. had anaemia, leucopoenia and/or thrombocyto-
penia at the time of diagnosis of BRONJ (32). Blood
cell counts and the presence of immunosuppression
are common findings among cancer patients having
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adjunctive bisphosphonate treatment, and each can lead
to bone infection and necrosis (32). Likewise, oral
infections that lead to a breach in mucosal integrity
enhance the risk of ON in the affected area. Sung et al.
described a patient with a previous history of herpes
simplex virus (HSV) developing ON in the area affected
(33). They surmised that the ulceration associated with
HSV lesions resulted in the breakdown of the protective
mucosa thereby increasing the risk of ON (33).

Lenz et al. described a patient who developed ONJ
6 years following both surgical treatment and two cycles
of chemotherapy for breast cancer (9). Six years later the
patient presented in an anaemic state with ONJ con-
firmed on biopsy. Treatment culminated in extended
surgery when neither conservative debridement nor
antibiotic therapy proved to be successful long term.
There is a higher incidence of anaemia in older patients
with cancer and this provides support for the possible
multifactorial aetiological basis for ONJ (34, 35). The
anaemic condition of the patient was not expanded upon
in the report, and no conclusions were drawn concerning
the possible effect this background state may have had on
the development of ONJ. It does, however, emphasize
the role that chemotherapeutic agents may play in the
development of ONJ in these patients (34, 35).

The research literature remains limited in terms of
explicating the role of chemotherapy in the development
of BRONJ. The above hints at a possible interaction
between immune suppression and the development of
BRONJ in those receiving both bisphosphonates and
chemotherapy; however, it is not clear whether there
exists a synergistic effect between these two drug classes
in certain individuals. The lack of ON as a complication
of other systemic chemotherapeutic agents for non-
haematological malignancy suggests that cancer chemo-
therapy regimes are less likely to be important in the
pathogenesis of ON in non-irradiated jaws than the use
of bisphosphonates (36).

Reported cases of BRONJ

Thirty-six cases of painful bone exposure in the man-
dible, maxilla or both in patients receiving bisphospho-
nates for hypercalcaemia of malignancy have been
described by Marx (5). Marx was the first to characterize
the association of this entity with bisphosphonate
treatment (5). Wang et al. reported ONJ in three
patients with metastatic breast cancer receiving intra-
venous bisphosphonates (36), while Migliorati reported
five cases of mandibular ONJ (17). In all 63 patients
presenting for treatment of ON of the jaw reported by
Ruggiero et al., the only common factor was bisphos-
phonate treatment (3).

Zarychanski et al. reported 12 cases of ONJ associ-
ated with intravenous pamidronate therapy for multiple
myeloma, breast cancer or renal cell carcinoma invol-
ving bone (37). Two presentations were spontaneous,
two were proposed to result from ill-fitting prostheses,
and the remainder were associated with dental extrac-
tion with or without abscess formation. Pires et al.
reported 14 cases of ONJ in patients receiving cancer

chemotherapy across five clinic sites in Brazil (32). Of
these 14, 12 were also receiving bisphosphonate therapy.

Bamias et al. conducted a prospective study on 252
patients who received bisphosphonates as adjunctive
therapy for multiple myeloma, breast or prostate cancer,
or other neoplasms (1). Of the 252 subjects, 17 (6.7%)
developed ONJ. Farrugia et al. carried out a retrospec-
tive 12-month chart review and identified 23 patients
with ONJ without evidence of metastatic disease at the
site (6). All patients were taking the new generation
bisphosphonates (zoledronate, pamidronate, alendro-
nate) and none had received radiation treatment. Of the
23 subjects, 18 with known bone metastasis were treated
with the intravenous form and the remainder with a
diagnosis of either osteoporosis or Paget’s disease were
taking oral alendronate (6).

Lenz et al. presented four cases on ONJ in cancer
patients. Three were receiving bisphosphonate therapy
in conjunction with their cancer chemotherapy, while a
fourth developed ONJ without ever having received an
osteoclast-inhibiting agent (9). These authors character-
ize their findings in terms of ONJ being a more
generalized side-effect seen in patients undergoing
treatment for malignancy, rather than the effect of the
bisphosphonate (9). Small sample size erodes the
veracity of this conclusion, however, the development
of ONJ in the absence of bisphosphonate therapy serves
to illustrate that where bisphosphonates are used as
adjunctive therapy in patients with malignancy, the
pathogenesis remains incompletely defined.

Carter et al. managed five patients with ON of the
maxilla and mandible, all of whom were taking the
nitrogen-containing bisphosphonates for either Paget’s
disease or multiple myeloma (38). These same authors
reported a further 10 cases where it was noted that this
sample contained generally older, medically compro-
mised individuals, that developed disease of the jaw that
failed to be eradicated (7). Recurrence was related to the
inability to remove necrotic bone, and management
centred on control of recurrences with the intermittent
use of antibiotics (penicillin and second-generation
cephalosporins). Three subjects demonstrated complete
resolution within 12 months, all of whom were taking
the oral preparation alendronate (7).

Marx et al. reported 119 total cases of bisphospho-
nate-related bone exposure (2). Sixty-two (52.1%) were
treated for multiple myeloma, 50 (42%) for metastatic
breast cancer, four (3.4%) for metastatic prostate cancer
and three (2.5%) for osteoporosis (2). In this series the
presenting findings in addition to exposed bone were
31.1% asymptomatic, 68.9% with pain, 23.5% mobile
teeth and 17.6% with non-healing fistulas. Eighty-one
bone exposures occurred in the mandible alone, 33 in the
maxilla and five occurred in both jaws. The precipitating
event that produced the bone exposures were sponta-
neous (25.2%), tooth removals (37.8%), advanced per-
iodontitis (28.6%), periodontal surgery (11.2%), dental
implants (3.4%) and root canal surgery (0.8%) (2).

Bagan et al. reported 10 chemotherapy patients with
ON, of which seven had dental extractions preceding
painful bone exposure (4). All patients were treated for
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malignancy with bisphosphonates, and all had histo-
pathology indicative of chronic osteomyelitis without
evidence of malignancy of the jaws. Apart from their
presentation with ON, the only commonality was the
use of bisphosphonate as part of their treatment for
malignant bone disease (4).
Bisphosphonate-related ON of the jaws can appear

spontaneously, although more commonly it is associated
with dental extraction, ill-fitting prostheses or overt
local trauma (37). Nine of the 12 cases reported by Pires
et al. were preceded by dental manipulation (periodontal
surgery or dental extraction) and two as having periap-
ical radiolucency or severe periodontal disease prior to
the development of ONJ (32). Of the 17 patients
presented by Bamias et al., only two did not have a
history of dental procedures or prostheses (1). The
exposure of the jaw to the oral flora following extrac-
tion, coupled with its inability to heal, ultimately leads
to infection of the bone producing pain and making it
very difficult to treat (4).
Badros et al. recently presented 22 patients with

multiple myeloma who developed BRONJ, 12 of whom
received dental extractions (39). Interestingly four
patients also suffered from avascular necrosis of the
hip, but these patients were also concurrently taking
corticosteroids. The variables predictive of developing
BRONJ in that study were dental extraction, treatment
with pamidronate/zoledronate, longer follow-up time
and older age at diagnosis of multiple myeloma. These
authors concluded that BRONJ appeared to be time-
dependent with higher risk after long-term use of
bisphosphonates in older multiple myeloma patients
often after dental extractions (39).
Other cases of BRONJ have been reported where

dental extractions, non-surgical and surgical root canal
treatment were precipitating factors (40–47). Further-
more, it has recently been suggested that bisphospho-
nate therapy is a contraindication to dental endosseous
implant placement (48).

Presentation of BRONJ

Bisphosphonate-related ON of the jaws pathology
presents with a clinical and radiographic appearance
similar to that of radiation necrosis (Fig. 1; 3, 16). One
study reported an increase in referral of patients
exhibiting refractory osteomyelitis, typically associated
with a non-healing extraction socket (3). The lack of
radiation exposure in these patients, who either shared a
history of malignancy or osteoporosis, was initially
puzzling until it became clear that all patients with
malignancies were receiving an intravenous form of
bisphosphonate (3). The pathogenicity was consistent
with localized vascular insufficiency, and the lesions’
clinical similarity to ORN was striking. However,
Hellstein and Marek in their interesting article on
�phossy jaws’ compare the similarity of this 19th century
condition with the current �bisphossy jaws’ (BRONJ;
24). The earlier condition was initially compared with
ORN, in much the same fashion as is now occurring
with bisphosphonate-associated ON. Suppuration was

uncommon in ORN, whereas phossy jaw was inevitably
complicated by bacterial infection. It could be argued
that bacterial infection acts as a significant co-factor in
both phossy and bisphossy jaws (24).

The suspicion of bisphosphonate involvement in the
development of 20 cases of osteomyelitis in those treated
for breast or prostate cancer or multiple myeloma, also
demonstrated bacterial colonization of non-vital bone
fragments (24). In the 14 cases of ONJ reported by
Bamias et al. all had necrotic bone with surrounding
bacteria, but with no evidence of invasion when exam-
ined histopathologically (1).

In a recent study by Hansen et al. the similarities
between BRONJ and infected osteoradionecrosis
(IORN) were described (45). Multicentric and bilateral

Figure 1 Clinical (a) and radiographic (b) presentation of non-
healing extraction site in patient taking bisphosphonates for multiple
myeloma.
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involvement was common in the bisphosphonate group.
Histologically, the bone revealed diffuse and patchy
areas of necrosis in the bisphosphonate group, while in
IORN ON was larger and not diffusely distributed. In
all cases, they found Actinomyces attached to the
necrotic bone tissue. In five of eight bisphosphonate
cases, and in six of 10 IORN cases, numerous osteo-
clasts could be detected close to vital bone exhibiting
signs of bone resorption. They concluded that Actino-
myces was involved in the chronic, non-healing inflam-
matory processes as a characteristic feature of both
diseases. Together with the associated presence of
increased osteoclast numbers, they suggest that both
factors may be involved in osteolytic mechanisms (45).

Radiographic changes associated with BRONJ are
generally only evident once there is significant bone
involvement. Early on, the condition may not be
radiographically detectable or may appear as subtle
periodontal ligament widening equal to the findings in
periodontal disease (Fig. 2). Advanced cases show a
moth-eaten, poorly defined radiolucency, with or with-
out radio-opaque sequestra.

Duration of bisphosphonate therapy prior to
BRONJ

Currently, there is no way to predict which individuals
taking bisphosphonates are at greatest risk of develop-
ing ONJ, nor is there evidence of prognostic indicators
that are predictive of outcomes. Some lesions remain
stable, while others will progress (25). Patients reported
by Zarychanski et al. were on a monthly dose of 90 mg
of the intravenous bisphosphonate from 12 to
77 months prior to presentation (37). Eleven of the 12
were receiving or had received corticosteroids at the time
of onset of ONJ. Occurrence appeared directly related to
the duration of either pamidronate or zoledronate (37).

Those receiving bisphosphonates without developing
ONJ received a median of 15 infusions over 19 months.
In comparison, those 6.7% who did develop ONJ, the
median number of cycles andmonths of exposure were 35
and 39, respectively (1). Notably, the incidence of ONJ
rose with the time of exposure, from 1.5% treated for
4–12 months, to 7.7% when treatment time reached
between 37 and 48 months (1). The newer generation
zoledronate demonstrated a significantly higher cumula-
tive risk compared with pamidronate alone or with
sequential treatment of pamidronate and zoledronate (1).
Patients who received fewer than 12 cycles of bisphos-
phonate did not develop ONJ. However, the median
exposure to the drugs for those who developed ONJ was
twice that of those who did not, suggesting that the
incidence of risk increases continuously even after 5 years
of exposure (1). The median time of treatment for
patients receiving bisphosphonate therapy for multiple
myeloma or metastatic breast cancer before developing
ONJ is 18 months after commencement of zoledronate
and 72 months after initiating pamidronate (25).

Treatment modalities and treatment response
for BRONJ

Presentations of ONJ universally require tissue analysis
to exclude the presence of metastatic foci before embark-
ing on treatment, especially those involving invasive
procedures (32). Zarychanski et al. reported worsening in
symptoms by surgical debridement and attempts at
wound closure in all cases (37). On the basis of such
results, surgical debridement has been actively discour-
aged by some (37, 38). Surgical intervention is fraught
with difficulty since finding viable bone margins is
impossible given the global effect bisphosphonates have
on the skeleton. Where aggressive osseous surgery has
been performed, the development of an enlarged necrotic
area has occurred (49). Equally ineffective is the use of
tissue flaps to cover painful exposed bone. In these
situations fistulae tend to develop around the flap edges,
with complete dehiscence a secondary complication (38).

Significant symptomatic relief may be obtained with
the use of antibiotic therapy regardless of culture results;
however, this effect is infrequently sustained (37). Pires
et al. instituted conservative management with antibiotic
therapy, improved local oral hygiene measures, 0.12%
chlorhexidine mouthrinses and 2% potassium iodine
solution (32). Persistent bone exposure was treated with
surgical debridement. Fifty percent reported resolution
of pain following treatment and only 21% demonstrated
complete resolution of bone exposure. Of note, of the 14
reported cases by Pires et al., two were not receiving
bisphosphonate adjunctive treatment, and the only
individual who demonstrated complete response to
treatment was included in the pair not taking an
osteoclast-inhibiting drug (32). In the cases of refractory
painful bone exposure such as seen in these patients,
surgical debridement becomes the treatment of choice
for the management of ONJ.

All patients reported by Zarychanski et al. had their
bisphosphonate treatment terminated on presentation

Figure 2 Panoramic radiograph showing widening of the periodontal
ligament space on the contralateral side in the same patient illustrated
in Fig. 1.
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with ONJ; however, improvement in the condition with
withdrawal of bisphosphonates has not been a universal
finding (37). Most reports of ON associated with
bisphosphonate treatment have involved the intraven-
ous nitrogen-containing drugs. The mechanism of these
drugs and their protracted release systemically appear to
indicate that cessation of bisphosphonates in the event
of ON of the jaws affords little clinical benefit. All
bisphosphonates accumulate in the mineralized bone
matrix and are released over protracted time periods –
months to years. The total doses and the duration of
bisphosphonate treatment directly influence the degree
to which incorporation into, and release from, the adult
skeleton occurs (9). In the event of ON, the cessation of
bisphosphonate therapy appears unwarranted given the
systemic incorporation and long-term bioavailability
(12).
Patients presenting with BRONJ reported by Bamias

et al. also had their bisphosphonate treatment ceased (1).
As with the above cases, treatment included local debri-
dement and the institution of both antibiotics and topical
antimicrobials (chlorhexidine), with the additional meas-
ure of reducing denture contact. Antibiotics only reached
a sustained effect in one of the 17 cases, the rest producing
recurrences characterized by a purulent discharge and
ongoing pain. The lack of both systemic and radiographic
improvement at the 24-month follow up is indicative of
the permanency in these bone defects (1).
At this stage it is unclear whether bacteria play a

primary role in the pathogenesis of BRONJ or whether
the presence of bacterial colonies represents secondary
infections (24). The predilection of BRONJ for the
mandible and maxilla may be explained by the unique
environment the oral cavity presents (7). Other bones
within the skeleton are encased in soft tissue. Bone in the
mouth, when exposed as a result of dental extraction, is
immediately bathed in bacteria. The reduced healing
capacity afforded by bisphosphonate preparations,
leaves the bone vulnerable to bacterial invasion and
colonization, infection and progression to osteomyelitis,
and finally necrosis (7). Documented response to topical
chlorhexidine may at least help control the surface
bacteria to the extent that the body can re-epithelialize
the areas of denuded bone (24).
Immediate withdrawal of bisphosphonate therapy

upon diagnosis of ONJ is not recommended. This
would seem rational given the direct correlation between
the total dose and treatment duration, and the systemic
incorporation and protracted release of bisphospho-
nates (9). Little would be gained by cessation of therapy
in terms of treatment outcomes for ONJ, and potentially
there is much to lose in terms of the pathology for which
the drug was originally prescribed. In spite of this, some
have cited immediate cessation of bisphosphonate ther-
apy upon presentation with ONJ and have initiated
antibiotic treatment to prevent secondary osteomyelitis
(37). As yet there is no consensus on the pathogenesis of
BRONJ or even if such a diagnosis is warranted, thus
not unexpectedly, there is yet to be a universal manage-
ment protocol for the treatment of ONJ in those taking
bisphosphonates.

Recently, however, Ruggerio et al. have recommen-
ded a clinical staging system for BRONJ to help with
diagnosis and management of this phenomenon (50).
Although they acknowledge that the extent of signs and
symptoms of clinical disease associated with BRONJ
can vary despite similar disease processes, dosage
regimens and treatment duration, their system offers a
useful guide to clinicians that encounter this problem.
Stage I patients who exhibit exposed, necrotic bone that
is asymptomatic are advised to use a daily oral antimi-
crobial rinse or irrigation (0.12% chlorhexidine) with
regular clinical follow up as disease activity dictates.
Stage II patients who exhibit exposed, necrotic bone
associated with pain and infection are advised to
undertake antimicrobial therapies based on culture
and sensitivity data, in conjunction with analgesia and
daily oral rinse or irrigation with 0.12% chlorhexidine.
Exposed, necrotic bone in patients with pain, infection
and pathological fracture, extraoral fistula, or osteolysis
extending to the inferior border are designated as Stage
III patients. The treatment regimen for these patients
includes surgical debridement of necrotic bone, anti-
microbial therapy (either oral or intravenous), analgesia
and daily rinses with 0.12% chlorhexidine (50).

Preventative strategies

Given the many unknowns associated with BRONJ, it
would seem prudent to develop a coordinated pre-treat-
ment and intra-treatment protocol aimed at prevention.
Prior to commencing bisphosphonate treatment,
patients should be versed on the potential adverse effects
associated with the therapy (37). Such patient education
should aim to reinforce the message of prevention, early
detection and non-surgical management of oral condi-
tions as the key to circumventing the development of this
debilitating pathology. Preventative strategies such as
establishment of meticulous oral hygiene regimes in
conjunction with timely surgical procedures should be
undertaken prior to commencing therapy (38). During
therapy, strict review and maintenance of oral hygiene
programmes are essential in order to prevent the
development of pathology necessitating surgical man-
agement (1, 7, 32, 38). When surgical treatment becomes
unavoidable, referral to a specialist oral and maxillo-
facial surgeon is recommended.

Extractions and all types of surgery to the jaws should
be avoided. For those requiring dental extraction,
Cheng et al. have used the novel approach of slow
extraction using orthodontic bands (7). This essentially
allows extrusion and ultimately exfoliation of the tooth
to occur over a period of weeks. The oral mucosa
migrates apically throughout the extrusion process such
that there is no open wound following complete
exfoliation of the tooth (7).

Conclusions

Oral bisphosphonates are used widely in the treatment
of osteoporosis, whereas intravenous regimes are
designed to treat complications of metastatic disease
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and primary osteolytic pathology of the bone, and have
been integral in moderating the effects of hypercalcae-
mia of malignancy and pain associated with bony
pathology. Presentation of BRONJ is currently more
commonly seen in patients taking the intravenous forms
of the drug; however, prescriptions for oral bisphos-
phonates continue to rise, and there is fear that the long-
term cumulative effects of these drugs may see BRONJ
occurring in this patient group at a rate equal to that
seen in patients undertaking intravenous therapy.

Opinion on both aetiology and management of
BRONJ is divided. As yet there is no clinical evidence
to support cessation of bisphosphonate therapy once a
diagnosis of BRONJ is made. Our present knowledge
regarding the activity of these drugs suggests that little
benefit would be gained by disrupting the treatment of
significant systemic disease states for which the medica-
tion is used. This is particularly true given the avidity in
which these drugs are incorporated into the skeleton and
the limited circumstances in which these compounds are
liberated.

Bisphosphonate-related ON of the jaws can appear
spontaneously, but more commonly it is associated with
local trauma, predominantly dental extraction. Cur-
rently, there is no way of predicting which individuals
taking bisphosphonates are at greatest risk of develop-
ing BRONJ. Equally, there are no prognostic indicators
predictive of outcomes. The only persistent finding is a
correlation between duration of therapy and occurrence
of BRONJ.

Antibiotics have been used in the treatment of
BRONJ, but with little sustained effect. Surgical debri-
dement and wound closure worsens symptoms, and
excessive osseous surgery has resulted in enlargement of
areas of necrotic bone. Simple measures such as the use
of topical antimicrobials like 0.12% chlorhexidine may
protect denuded areas from surface bacteria. Unfortu-
nately, the symptomatic and radiographic improvement
is often not forth coming, and intermittent, conservative
debridement is required.

Prevention is superior to treatment, and as such the
establishment ofmeticulous oral hygiene and pre-emptive
surgical treatment prior to commencement of bisphos-
phonate therapy is recommended. During therapy, strict
review and maintenance of oral hygiene practices should
occur in order to prevent pathology necessitating surgical
management. Patients treated with these drugs need to be
aware of complications that can arise in the jaws,
especially related to trauma. It should be stressed upon
those taking bisphosphonates, especially the intravenous
forms, the need to avoid invasive dental management.
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