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Osteonecrosis of the jaw (ONJ) is now defined by the presence of exposed bone in the mouth, which fails to
heal after appropriate intervention over a period of six or eight weeks. It is commonly precipitated by a tooth
extraction in patients treated with zoledronate, pamidronate or a combination of these agents, for the
management of myeloma, breast cancer or prostate cancer. In patients with these malignancies who are
treated with bisphosphonates, the overall prevalence is about 5%. There is a need to clearly delineate the
incidence of ON] in osteoporosis patients treated with bisphosphonates, and in appropriate control
populations. Based on current evidence, the risk of ON]J in osteoporosis appears to be comparable to that in

Keywords: the general population.
Bisphosphonate It is likely that ONJ results from direct toxicity to cells of bone and soft tissue from high potency
Cancer bisphosphonates, probably acting through their effects on the mevalonate pathway. The bone in ON]J lesions
Osteoporosis does not appear to be ‘frozen’, rather there is very active resorption present, probably stimulated by local
infection. This is likely to result in the local release at high concentrations of bisphosphonates. Management
focuses on prevention, treatment of infection and cessation of bisphosphonates. The role of surgery is
unclear.
© 2008 Elsevier Inc. All rights reserved.
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Introduction defining characteristics of the syndrome and its nomenclature are

debated. Osteonecrosis of the jaw (ON]) is progressing through this

When a new clinical entity is described, there is often a period of
uncertainty during which some clinicians question whether the
condition really exists, and then a further time during which the
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evolution. The reality of the condition in oncology patients is beyond
doubt, though in benign bone diseases the debate continues. There are
now at least two authoritative consensus statements regarding its
definition — the syndrome is now defined by the presence of exposed
bone in the mouth which fails to heal after appropriate intervention
over a period of six or eight weeks [1,2]. Authors have used a variety of
terms to refer to this condition, some of which make inappropriate
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assumptions regarding etiology, such as ‘avascular necrosis of the jaw’.
Generally, the syndrome is now referred to as either ‘osteonecrosis of
the jaw’ or ‘bisphosphonate-related osteonecrosis of the jaw’.

Not all cases in the literature meet the now agreed definition and it
is the anecdotal experience of many, that some dental practitioners
apply this label to a much wider range of conditions. The term has
been applied to the presence of persistent inflammation in the mouth,
osteomyelitis, delayed healing of extraction sockets, the development
of sequestra, or the presence of fistulae from the mouth to the skin or
to the nose or sinuses. These conditions should only be labeled as ON]J
when the criterion of exposed bone for more than six to eight weeks is
met. The variability in the use of this definition and the need for case
adjudication, should be borne in mind when epidemiological studies
in this area are evaluated. It should also be borne in mind that exposed
bone in the mouth can occur in individuals who have never been
exposed to bisphosphonates [3], so a causative role for a bispho-
sphonate a patient happens to be taking, should not always be
assumed.

Epidemiology

It has taken several years for a coherent picture of the
epidemiology of ONJ to emerge from the disparate case reports and
case series which have been published. The literature was recently
reviewed by Abu-Id [4], and this is summarized in Table 1. The
majority of ONJ patients have been treated with zoledronate,
pamidronate or a combination of these agents, most commonly for
treatment of myeloma or breast cancer. In 5% of patients with ON]J, the
treated condition is said to be osteoporosis. These figures are very
similar to those from the German National Registry [5]. Common
precipitating events are tooth extractions (reported in more than one
half of cases in most series), mandibular exostoses, periodontal
disease and local trauma from ill-fitting dentures. Dental implants
have also been suggested to be common precipitating factors, though
recent series have cast doubt on that, particularly in those receiving
oral bisphosphonates [6-9]. Co-existent use of cytotoxic drugs and
glucocorticoids is very common in the patients that develop this
condition. A case—control study has recently implicated smoking and
obesity as independent risk factors [10], and others have suggested
that diabetes is a common concomitant condition [11].

Table 1
Bisphosphonate exposure, underlying conditions, and affected sites in 626 published
cases of osteonecrosis of the jaw

Epidemiology of ONJ

Drugs

Zoledronate 43%
Pamidronate 27%
Zoledronate + pamidronate 23%
Ibandronate intravenous 2%
Alendronate 4%
Ibandronate oral 0.5%
Risedronate 0.5%
Clodronate 0.2%
Conditions

Myeloma 48%
Breast 36%
Prostate 7%
Other malignancy 3%
Osteoporosis 5%
Sites

Mandible 67%
Maxilla 26%
Both 8%
N=626

Based on data in Abu-Id et al., ] Cran Max Surg 36:95, 2008.

Cancer

A number of authors have now studied the prevalence of ON]J in
cohorts of patients with a variety of malignancies. Hoff et al. carried
out a chart review on 4000 cancer patients treated with bispho-
sphonates at the MD Anderson Cancer Centre [12]. Half of these
patients had either breast cancer or multiple myeloma, of which 1.2%
and 2.8%, respectively, developed ONJ. However in the half of the
cohort suffering from other malignancies, there were only two cases of
ON]J, giving a prevalence of 0.09% in that group. It is unclear whether
this substantial difference between breast cancer and multiple
myeloma on the one hand, and other malignancies, is attributable to
different patterns of use of bisphosphonates, or whether it is an effect
of the underlying disease conditions. Abu-Id has recently reviewed
seven case series comprising 7500 patients, and found ON]J to occur in
2-11% of myeloma patients, 1-7% of breast cancer patients and 6-15%
of those with prostate cancer. These figures suggest that these three
malignancies do not differ in their risk of ONJ, and suggest that the
overall prevalence is about 5%. These case series also demonstrate that
ON]J can occur less than 6 months after initiation of bisphosphonate
treatment for malignancy, or up to 60 months later. It is probable with
longer follow-up, that the mean time to onset and ON]J prevalence will
increase, since Durie has shown an approximately linear relationship
between prevalence and duration of therapy [13], and risk increases
with the number of bisphosphonate infusions administered [14].

Another way of confirming that bisphosphonate use is associated
with an increased incidence of ON] is to use medical claims
databases. The difficulty with this approach is that most such
databases have not contained a specific category for ON]J, but it is
possible to search for inflammatory conditions of the jaw or
operations on the jaw, on the basis that these are the categories
that are likely to contain cases of ONJ. Wilkinson has done this using
a database of >40,000 cancer patients, and found a 0.2% prevalence of
these categories in those not treated with bisphosphonates, com-
pared with 5.5% at 72 months in those treated with bisphosphonates
[15]. Cartsos et al. performed similar analyses on data from 250,000
cancer patients, and showed odds ratios for jaw problems in the
range of 4.5-6.8 [16]. A case-control study has also been used to
characterize the epidemiology of ONJ in cancer patients. Wessel et al.
identified 30 cancer patients and matched five control subjects for
age, gender, cancer type and date of diagnosis to each case [10]. This
allowed development of a logistic regression model which produced
an odds ratio of 32 for use of zoledronate (P=0.02), and an odds ratio
of 1.11 per zoledronate infusion (P=0.01). They also found that
smoking (odds ratio 7), obesity (odds ratio 17) and metastasis (odds
ratio 27) were significant predictors of the development of ON]J.
Smoking has been associated with other oral pathologies so its
emergence here is not a surprise.

Osteoporosis

While the epidemiology of ONJ in cancer patients treated with
bisphosphonates is becoming clearer, this is certainly not the case
with respect to patients with osteoporosis. In the literature survey
carried out as part of the recent American Society for Bone and
Mineral Research report [1], 57 individuals were identified, though
other case series have been published since then [17]. In the
risedronate and alendronate clinical trials (each program involving
16,000-17,000 patients) no cases of ONJ were noted. Post-marketing
surveys to mid-2007 indicated an incidence of <1.2 per 100,000
patient-years for risedronate, and of <0.5-2.5 per 100,000 patient-
years for alendronate. In the recent zoledronate phase Il program, an
expert group prospectively surveyed the adverse event reports for
anything that might represent ON]J, and then adjudicated possible
cases while blinded to treatment allocation. In the first of these
studies, one case was found in the placebo group and one in the
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zoledronate group, from a total study cohort of more than 7700
women [18,19]. In the 2000 men and women involved in the second
zoledronate trial [20], no cases were reported and none have been
seen in the other smaller studies in this program. With the likely
prevalence sitting at approximately 1 per 100,000 patient-years, it is
quite unclear that this is any different from that in the general
population, since these problems can certainly occur in the absence of
bisphosphonate use, as noted above. In our own osteoporosis clinic,
we have had two patients develop ONJ who had not used
bisphosphonates.

The Cartsos [16] medical claims database study also surveyed
260,000 subjects with osteoporosis, and found an odds ratios for
inflammatory necrosis of the jaw to be 0.65 in oral bisphosphonate
users, and that for surgery for a necrotic process to be 0.86. Both these
values are consistent with the other data suggesting that bispho-
sphonate use does not increase ON]J risk in osteoporosis patients.
These findings are very similar to those from a case-control study
using a claims database, which found that receiving at least one oral
bisphosphonate prescription was associated with an odds ratio for jaw
surgery of 0.91 [21]. For osteoporosis patients treated with intrave-
nous bisphosphonates in the Cartsos database, there did appear to be
increases in the risk of both categories of claim. However, this is likely
to be attributable to co-existent cancer, since it appears that 10% of the
cancer patients also had a diagnosis of osteoporosis, and because use
of intravenous bisphosphonate for osteoporosis in the United States
was extremely uncommon during the period that this database was
compiled. Other benign bone diseases show very low risks of ON]J,
including Paget's disease treated with intravenous zoledronate [22]
and osteogenesis imperfecta treated with monthly infusions of
pamidronate [23].

One study presents a very different picture of the risk of ONJ in
benign disease. Mavrokokki et al. [24] sent questionnaires to oral
surgeons in Australia soliciting cases of ON]. They identified 114 cases
nationwide, including 25 prospectively identified cases in South
Australia alone. In the former group, 28% of patients had benign
disease and in the latter group, 56%. These proportions are 5-10-fold
greater than in any other series. The cases were not adjudicated which
may mean that a number of non-qualifying cases were included, and
the failure to definitively identify patients means that undetected
duplicates cannot be ruled out. Considering that these unadjudicated
data are inconsistent with all other published studies, including those
from the prospectively adjudicated German national registry, the
conclusions regarding the incidence of ON] in benign disease should
be treated with caution.

Etiology

The mechanism by which bisphosphonates cause ON]J is uncertain,
and a number of assumptions have crept into the literature. Several
possible pathogenic mechanisms need to be considered, as follows.

Ischemia

Early reports of this condition referred to it as ‘avascular necrosis’.
It is quite unclear why this etiology was assumed, since ON]J tissue is
reported to bleed at the time of surgery, and Hansen has noted patent
vessels in seven out of eight ON] cases studied histologically [25]. If
ONJ were simply an avascular necrosis of bone, then it would be
expected to present in the same way as that condition does in the hip
or knee, and it is not clear why it would have a predilection for the
jaws. Having said this, there is evidence that bisphosphonates can
interfere with the proliferation of endothelial cells [26], though
micromolar solutions of bisphosphonates will inhibit the proliferation
of most cell types (see section on soft tissue effects, below).

Low bone turnover

This has been assumed by some authors to be the cause of ON]J,
because the therapeutic action of these drugs is to reduce turnover.
There is certainly slowed remodeling of bone, and failure of
remodeling of bony extraction sockets has been noted [4] even in
subjects in whom mucosal healing has occurred. However, there are
other conditions associated with chronically reduced bone turnover,
such as hypoparathyroidism, in which ON]J-like lesions do not occur.
An exception is osteopetrosis, in which exposed bone has been
reported, probably because the osteopetrotic mandible is so dense
that the development of normal vascular channels is impaired.

However, there is compelling evidence that bone turnover is not
reduced within ONJ lesions. Deep osteoclastic pits have been
demonstrated in a number of reports (Figs. 1 and 2) [25,27,28].
Hansen has now formally compared osteoclast numbers in patients
with ON]J, those with radionecrosis, and in control subjects, and shown
them to be highest in ON] subjects, four-fold greater than control [29].
The presence of active bone resorption is self-evident from the
frequent reports of radiographic lytic lesions in affected bone (Fig. 1)
[30-32]. Bone scintigraphy also suggests that turnover is not
suppressed at sites of ONJ, but in fact is above normal. Abu-Id found
large zones of increased tracer uptake surrounding areas of necrotic
bone in 15 of 16 subjects [4] and that has also been our own

Fig. 1. Bone resorption is usually increased in ON] lesions, both microscopically and radiologically. These images are taken from a 65 year old woman with multiple myeloma who
received intravenous bisphosphonates over a 6-year period, subsequently developing ONJ. The left panel shows surface resorption of necrotic bone by osteoclasts, creating a scalloped
appearance (arrows). There are neighboring inflammatory cells (dark nuclei) and Actinomyces (both are within the dotted ellipse). The right hand panel is a CT scan obtained without
contrast medium in the same patient, showing demineralization of the buccal cortex (arrows). There is also increased periosteal reaction along the lingual face of the mandible
(arrowheads) and diffusely increased density of the mandibular medullary cavity. From Dodson et al. (2008) New England Journal of Medicine 358(12): 1283-1291. Copyright 2008,

Massachusetts Medical Society, used with permission.
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Fig. 2. Images of microbial biofilms within ON]J lesions. The top left panel shows a biofilm filling resorption lacunae on a bone surface. The lower two panels demonstrate biofilms at
higher magnification, the left panel being predominately Actinomyces, the right panel showing a mixture of bacteria. The top right panel is a higher power view demonstrating classic
biofilm architecture, with bacteria embedded in such a dense exopolymeric substance that they are barely visible below the dense slime layer. From Sedghizadeh et al, Journal of
Maxillofacial Surgery 66:767, 2008, Copyright American Association of Oral and Maxillofacial Surgery, used with permission.

experience [33]. Chiandussi [30] reported that a Tc-99(m)-MDP three-
phase bone scan was the most sensitive tool to detect ONJ in a series of
11 patients who also had CT and MRI scans. It is likely that this
paradoxical situation arises from the effects of bacterial infection in
the lesions, which drives bone resorption. The reported association
between low bone resorption markers and the development of ON]
[34] is not necessarily causal, the low marker levels probably just
reflecting recent use of bisphosphonate.

The role of low bone turnover in itself in the development of ON]J is
now being rigorously tested in Amgen's clinical trial program for
denosumab. This monoclonal antibody against RANKL is being directly
compared with zoledronate in trials assessing their comparative
efficacy in the management of metastatic prostate cancer, metastatic
breast cancer and multiple myeloma. The scale of these trials is such
that cases of ONJ will certainly occur in the zoledronate groups. The
relative frequency in the denosumab-treated patients will definitively
address the question as to whether this is simply a function of low
bone turnover or whether it is a more specific toxicity related to the
presence of bisphosphonate in bone.

Bisphosphonate toxicity to bone

It is possible that ON] is contributed to by direct toxicity of
bisphosphonates to bone cells. Bisphosphonates block a key enzyme
(farnesyl pyrophosphate synthase) in the mevalonate pathway, which
leads to the synthesis of cholesterol and to the production of carbon
chains which are important for binding regulatory enzymes to the
cytoskeleton. This is the mechanism by which high intracellular
concentrations of bisphosphonates are able to cause apoptosis in any
cell to which they gain entry. Usually, osteoclasts are the only cell
internalizing toxic amounts of bisphosphonate, but in the presence of

high bone concentrations of bisphosphonate or with frequent
intravenous dosing, toxicity to other bone cells might occur.

Approximately half of an intravenous dose of bisphosphonate is
taken up by the skeleton, where it is retained indefinitely [35,36].
Human [37] and rat [38] studies show that skeletal uptake of
bisphosphonate is sustained with long-term administration. The
cortical bone of the mandible has much higher turnover than
appendicular sites [39], and this is particularly true for the alveolar
bone [40]. Therefore, bisphosphonates will be selectively concen-
trated into the jaw, and we have previously estimated that 4 years use
of zoledronate at a dose of 4 mg/month would result in an average
skeletal content of 70 nmol/g of bone [41], and probably two to three
times this level in alveolar bone. Cell toxicity occurs in solutions with
zoledronate concentrations of 1 nmol/mL, though this may be less
evident when the bisphosphonate is bound to bone [42]. Cells other
than osteoclasts take up bisphosphonate by fluid-phase endocytosis, a
unidirectional process that leads to the progressive intracellular
accumulation of drug, since there is no known mechanism for its re-
release or metabolism [43]. Frequent intravenous dosing over long
periods will maximize intracellular bisphosphonate concentrations in
non-osteoclast cells.

There is evidence that bisphosphonates cause necrosis in the
mandible, even when ON] is not clinically apparent. For instance,
matrix necrosis has been observed in 25-33% of beagle dogs treated
with alendronate in doses comparable to those used in osteoporosis
and Paget's disease for 3 years [44]. These necrotic regions occur
predominantly in the alveolar bone and show absence of patent
canaliculi. No such abnormalities were evident in vehicle-treated
animals.

In addition to the lytic changes on radiographs, mentioned above,
sclerosis is also frequently observed [45,46] and is likely to represent
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the presence of necrotic bone. However, assessment of osteocyte
viability in bone affected by ON] indicates that it is not uniformly
necrotic, though some osteocytic lacunae are empty [25]. The finding
that ONJ is most common with the agents which are the most potent
inhibitors of the target enzyme would be consistent with bone
toxicity. However, generalized bone toxicity does not occur with high-
dose bisphosphonate therapy, since this is not manifested at other
sites and since there is no evidence of impairment of fracture healing
in bisphosphonate-treated subjects [20].

Infection

As reports of histological assessments of this condition become
more numerous, the consistent finding of infection is striking, and this
is commonly associated with complaints of pain [34]. A variety of
species have been implicated, but Actinomyces is a common, if not
universal, finding [4,25,31,32] (Fig. 1). The isolation and identification
of Actinomyces species by conventional methods remains problematic,
so clinical cases may be under-reported or mis-identified [47].The
presence of infection might account for the frequent finding of soft
tissue inflammatory changes and lymphadenopathy in imaging
studies [30,31].

Very recently, Sedghizadeh [27] carried out scanning electron
microscopy in four patients with ONJ, and reported the presence of
microbial biofilms in all four (Fig. 2). Biofilms consist of a dense layer
of mixed micro-organisms embedded in a polysaccharide matrix
secreted by the microbes [48]. Biofilms are fixed to the underlying
surface, and are resistant to both host defences (antibodies and
phagocytes) and to antibacterial agents. Frequently, surgical removal
of the biofilms is required to effect a cure. This resistance to intrinsic
and external defences is probably attributable to reduced access of
agents and host cells to the inside of the biofilm, and to reduced
growth rates of bacteria once they are incorporated into such a
structure. The conditions within these films favor growth of anaerobic
organisms, but biofilms contain channels in which nutrients can
circulate, so aerobic microbes are also commonly present. Biofilms
occur frequently in a variety of chronic infections, including dental
sepsis, osteomyelitis, osteoradionecrosis, cystic fibrosis, and infections
on prostheses and catheters. Light microscopy and simple swabs for
bacterial cultures often fail to identify the presence of bacteria in
biofilms, so their prevalence is under-appreciated. It is likely that the
development of biofilms in ONJ lesions is a result of the local
environment and the chronicity of the lesions, though it is possible

that the presence of bisphosphonates on the bone surface facilitates
their development.

The presence of infection may be important in producing one of
the unexpected but consistent features of this condition — increased
bone resorption despite the presence of bisphosphonate in bone.
Many bacteria have been shown to stimulate bone resorption, and
some to inhibit bone formation. The best characterized mediators of
bacterial osteolysis are the lipopolysaccharides from gram-negative
bacteria, which probably act by stimulating local cytokine production
[49]. However, there are numerous other factors from bacteria which
have similar effects through a variety of mechanisms. For instance,
proteins from Porphyromonas gingivalis directly regulate production of
RANKL and osteoprotegerin in human periodontal ligament cells and
gingival fibroblasts, increasing stimulation of osteoclastogenesis [50].
The close link between bacterial infection and bone resorption is
suggested by the upper left panel of Fig. 2, which shows microbial
biofilms sitting inside resorption lacunae on the surface of an ON]
lesion.

Bisphosphonate toxicity to soft tissue

We have proposed that soft tissue toxicity from bisphosphonates
might be involved in the pathogenesis of ONJ [41]. Exposure to
micromolar concentrations of these compounds in solution produces
toxic effects in many cells, including monocytes [51,52], macrophages,
periodontal ligament fibroblasts [53], endothelial cells [26,54-56], a
variety of tumor cells, osteoblasts, and epithelial cells [57-59].
However, it has not been clear to what extent bisphosphonates on
bone surfaces are toxic to adjacent cells. This issue has recently been
explored in detail by Coxon et al. [42]. They confirmed the toxicity of
bisphosphonate solutions to several cell types but showed that this
was greatly reduced in the presence of bone, because the bispho-
sphonate was taken up onto the bone surface. They also showed that
bisphosphonate-labeled bone caused only minimal toxicity to
cultured cells. However, when osteoclasts were added to these
cultures, bisphosphonate was mobilized from bone and transferred
to adjacent cells. Thus, bisphosphonate toxicity to non-osteoclast cells
is facilitated by the presence of osteoclasts, as occurs at an infected
bone surface. This scenario is shown in schematic form in Fig. 3.

It is likely that this is the scenario that obtains in ONJ, where bone
is heavily labeled with bisphosphonate but very active bone
resorption still takes place, driven by bacterial infection and/or
dissolution of necrotic bone. This leads to release of high
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Fig. 3. Mechanisms for bisphosphonate toxicity on non-osteoclast cells, based on the findings of Coxon et al [42]. In the absence of a bone surface, bisphosphonate in solution is taken
up by cells, resulting in toxicity mediated through its inhibition of the mevalonate pathway (upper panel). In the presence of a bone surface (lower panel), the bisphosphonate
becomes tightly bound to hydroxyapatite and is not available to act on non-bone cells. However, in the presence of osteoclasts, bone resorption takes place (lower right panel) and
bisphosphonate mobilized from the bone surface is able to pass to other cells. If the number of osteoclasts is sufficient and the concentration of bisphosphonate on the bone's surface
is high enough, then soft tissue toxicity is likely to result. Copyright IR Reid 2008, used with permission.

Please cite this article as: Reid IR, Osteonecrosis of the jaw — Who gets it, and why?, Bone (2008), doi:10.1016/j.bone.2008.09.012



http://dx.doi.org/10.1016/j.bone.2008.09.012

6 LR. Reid / Bone xxx (2008) XxX-xXX

Pathogenesis of ONJ
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BP Toxicity to epithelial,
/ mesenchymal, vascular
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(extraction, surgery Microbial Biofilm t
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I BP Release
Osteoclastic
Damaged Bone Bone Resorption

Fig. 4. Possible scenario for the interactions of factors contributing to the development
of osteonecrosis of the jaw. Copyright IR Reid 2008, used with permission.

concentrations of bisphosphonate into the immediate environment,
and its uptake into regenerating epithelial, vascular, mesenchymal
and immune cells (Fig. 4). Thus, a vicious cycle is established in
which the bone and soft tissue lesion originally caused by a tooth
extraction is unable to heal because of persisting infection, resulting
in sustained bone resorption and the release of cytotoxic bispho-
sphonates. Sometimes the initiating trauma is less dramatic, such as
that from dentures, from chewing food, or from local infection such
as periodontitis. This pathogenic cascade suggests that management
should target prevention and treatment of infection, and cessation of
further bisphosphonate administration, as immediate therapeutic
priorities.

Management

Management strategies need to consider both prevention and
treatment of this condition. For patients with malignancy, pre-
treatment dental examinations are important. Ripamonti has shown
in a retrospective survey of patients treated with zoledronate, that the
performance of a dental examination and the application of
preventive measures led to a sustained reduction in ONJ occurrence
from 7.8% to 1.7% (P=0.016) [60]. Reducing bisphosphonate dose is a
promising line of prevention in the context of oncology practice, and
early results suggest that three-monthly administration of intrave-
nous bisphosphonate is safer than monthly administration [61].
Avoidance of invasive dental procedures is also an important
preventive strategy.

In the management of established disease, case reports have
suggested that aggressive surgical intervention is counterproductive,
though two recent case series showed an 86% [4] and 83% [62] positive
response to such initiatives. Other reports support a role for limited
surgical intervention [63,64]. There is also broad endorsement for the
use of antibiotics, mouthwashes and discontinuation of bispho-
sphonates [65]. Possibly direct physical measures to disrupt and
remove the biofilms from infected bone surfaces might help.

For patients with osteoporosis, in the absence of clear evidence
that ON]J is any more common than in the general population, specific
preventative measures do not seem to be warranted. Many dentists
have failed to appreciate the difference in bisphosphonate doses
between oncology and osteoporosis patients and the attendant
difference in ON]J prevalence. This has lead to unnecessary concern
for many such patients.

Conclusions
It is likely that ON] results from direct toxicity to cells of bone and

soft tissue from high potency bisphosphonates, probably acting
through their effects on the mevalonate pathway. The bone in ON]

lesions does not appear to be ‘frozen’ but rather there is very active
resorption present, which is likely to be responsible for the local
release at high concentrations of bisphosphonates. Infection probably
plays a pivotal role in the pathogenesis of this condition, so its active
management is of key importance. There is a need to clearly delineate
the incidence of ON]J in osteoporosis patients treated with bispho-
sphonates, and in appropriate control populations. Based on current
evidence, the risk of ON]J in osteoporosis appears to be comparable to
that in the general population.
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