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Abstract

Although first described nearly seven years ago and despite receiving a significant amount of attention in
the scientific and lay community, it has only been in the past few years that significant progress toward
understanding osteonecrosis of the jaw (ONJ) has occurred. The purpose of this Perspective is to update
recent clinical aspects related to defining and treating ONJ and also significant preclinical advances in
animal model development. Although we still have much to learn about this condition, progress over the past
few years is encouraging and certainly headed in the right direction. IBMS BoneKEy. 2011 March;8(3):141-

153.
©2011 International Bone & Mineral Society

Defining the Clinical Presentation of
Osteonecrosis of the Jaw

Since the first descriptions of bone necrosis
in patients receiving bisphosphonate therapy
in 2004 (1;2) there have been multiple
retrospective, prospective and case-
controlled studies that have served to
adequately  characterize  the  clinical
presentation, associated risk factors and
treatment of this new complication. As our
understanding of this disease process has
improved so has our ability to diagnose and
treat this condition.

The existing literature still does not support
a cause and effect relationship between
bisphosphonate exposure and jaw necrosis.
However, epidemiologic studies have
established a strong association between IV
bisphosphonates and osteonecrosis of the
jaw (ONJ) in the setting of malignant
disease. This is based on a positive
correlation between bisphosphonate
potency and duration of therapy in relation to
the presentation of ONJ (3). The same level
of support does not exist for oral
bisphosphonates or |V bisphosphonates

used in patients with osteoporosis or other
non-malignant conditions.

The diagnostic criteria for ONJ have
remained unchanged since it was first
defined in 2006. The tenants of the
diagnosis include: 1) an exposure history to
bisphosphonates, 2) exposed bone within
the oral cavity, and 3) no history of prior
radiation therapy to the jaws. However, the
emergence of jaw necrosis in
bisphosphonate-naive patients receiving
RANKL inhibitors (4-6) may necessitate a
modification of these criteria in the near
future. The finding of exposed, necrotic bone
remains the hallmark of the diagnosis and
therefore the physical examination is the
most effective method of establishing the
diagnosis of jaw necrosis (Fig. 1). A clinical
staging system developed by Ruggiero et al.
(7) and adopted by the American
Association of Oral and Maxillofacial
Surgeons (AAOMS) in 2006 (8) has served
to categorize patients with ONJ, direct
rational treatment guidelines, and collect
data to assess the prognosis and treatment
outcome in patients who have used either IV
or oral bisphosphonates. Since the
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publication of these treatment guidelines,
reports of non-specific signs and symptoms
such as pain, abscess formation, altered
sensory function or osteosclerosis have
emerged in patients with a bisphosphonate
exposure history but no clinical evidence of
necrosis. In an effort to determine whether
or not these findings represent a precursor

for clinical disease, the recently updated
AAOMS position paper has included these
patients in a new Stage 0 category (9)
(Table 1). The degree to which these
patients with Stage 0 disease progress to
overt ONJ remains to be determined and
represents an important area for future work.

T Lk

Fig. 1. Exposed, necrotic right mandible in a patient with breast cancer and a history of monthly intravenous

bisphosphonate exposure.

Table 1. Clinical staging criteria for ONJ.

Category Description
At risk No apparent exposed/necrotic bone in patients who have been treated
with either oral or IV bisphosphonates
Stage 0 Non-specific clinical findings and symptoms such as jaw pain or
osteosclerosis but no clinical evidence of exposed bone
Stage 1 Exposed/necrotic bone in patients who are asymptomatic and have no
evidence of infection

Stage 2 Exposed/necrotic bone associated with infection as evidenced by pain

and erythema in the region of the exposed bone with or without purulent
drainage
Stage 3 Exposed/necrotic bone in patients with pain, infection, and one or more
of the following: pathologic fracture, extra-oral fistula, or osteolysis
extending to the inferior border or sinus floor

Multiple risk factors including drug-related
issues (potency and duration of exposure),
local risk factors (dentoalveolar surgery),
local anatomy, concomitant oral and
systemic disease, demographic factors and
genetic factors have all been associated
with ONJ. However, only three of these risk
factors have remained constant throughout
most clinical studies. In the majority of ONJ
cases reported to date, recent dentoalveolar
trauma was the most prevalent and
consistent risk factor (10-12). Patients with a
history of inflammatory dental disease, e.g.,
periodontal and dental abscesses, are at a
seven-fold increased risk for developing

ONJ (13). The duration of bisphosphonate
therapy also appears strongly related to the
likelihood of developing necrosis, with longer
treatment regimens associated with a
greater risk of developing disease (12;13). In
addition, the more potent intravenous
bisphosphonates that are administered on a
monthly schedule such as zoledronic acid
and pamidronate are significantly more
problematic as compared with other
preparations.

Efforts to establish risk assessment by

measuring fluctuations in bone turnover
markers are problematic and remain
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controversial (14-18). The rationale for this
approach is based on the knowledge that
markers for bone remodeling will increase
within months following withdrawal of oral
bisphosphonate medications, thereby
suggesting that osteoclastic function and
bone remodeling were normalizing (19;20).
Recent data show that IV bisphosphonates
do not have a similar return toward baseline
even three years after a single injection (21),
suggesting the dynamics of resorption
recovery differ by the route of administration
and/or the specific bisphosphonate. It is
important to also note that these markers
are a reflection of total bone turnover
throughout the entire skeleton and are not
specific to the maxilla or mandible where it is
suspected that the bone turnover rate may
be more severely depressed from prolonged
bisphosphonate exposure. From a more
practical perspective, using bone turnover
markers to estimate the level of bone
turnover suppression is only meaningful
when compared to baseline, pre-treatment
levels and these are rarely obtained in
clinical practice. In addition, using bone
resorption marker levels to assess ONJ risk
can be misleading for the small cohort of
patients that develop osteoporosis despite
normal baseline levels of bone resorption
markers.

The radiographic features of ONJ remain
relatively non-specific. In fact, plain film

radiography does not typically demonstrate
any abnormality in the early stages of the
disease due to the limited degree of de-
calcification that is present. However,
findings on plain film imaging such as
localized or diffuse osteosclerosis or a
thickening of the lamina dura (components
of Stage 0) may be predictors for future sites
of exposed, necrotic bone. The findings on
computed tomography (CT) are also non-
specific but this modality is significantly
more sensitive to changes in bone
mineralization and therefore is more likely to
demonstrate areas of focal sclerosis,
thickened lamina dura, early sequestrum
formation and the presence of reactive
periosteal bone (Fig. 2). The CT images
have also proved to be more accurate
delineating the extent of disease, which is
very helpful for surgical treatment planning
(22;23). The utility of nuclear bone scanning
in patients at risk of ONJ has received
growing attention following reports of
increased tracer uptake in regions of the
jaws that subsequently developed necrosis
(24;25). While nuclear imaging has limited
value in patients with existing disease, its
usefulness as a predictive tool in those
patients with pre-clinical disease (Stage 0)
appears to have some level of potential
benefit and therefore requires continued
evaluation.

Fig. 2. Axial CT scan of a patient with Stage 3 ONJ exhibiting extensive osteosclerosis and distinct regions

of sequestrum formation in the right and left mandible.
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Advancements in Treating ONJ

The management of patients with ONJ
remains very challenging since surgical and
medical interventions may not eradicate this
process. The goal of treatment for patients
at risk of developing ONJ or who have active
disease is to preserve the quality of life by
controlling pain, managing infection and
preventing the development of new areas of
necrosis. This has to be balanced with the
oncologic management of the patient with
osteolytic metastases and the risk of
pathologic fracture in the osteoporotic
patient.

The treatment approach for patients with
Stage 1 disease is primarily non-surgical
since these patients are not infected or
symptomatic. In most Stage 1 patients, the
exposed bone will eventually mature into a
defined sequestrum that can be easily
removed. Since infection and pain are
typical for patients with Stage 2 disease,
these patients will benefit from local and
systemic antibiotic therapy. As with those
with Stage 1 disease, those with Stage 2
disease will likely develop sequestra that in
most cases can be managed with local
debridement. In patients with Stage 3
disease, the extensive nature of the necrosis
and infection usually dictate early surgical
treatment (segmental resection or marginal
resection) for control of the infection and
pain. In some institutions, early surgical
treatment, regardless of disease stage, was
associated with a good level of cure and
disease control, suggesting that surgical
treatment may play a larger role in
managing this complication in the near
future (26-28).

Nuances in surgical and non-surgical
treatment have recently emerged and may
be of value. The use of hyperbaric oxygen
therapy (HBO) as an adjunct to non-surgical
treatment or surgical treatment is in
progress at several institutions. The
preliminary results from a pilot study report
some improvement in wound healing and
pain scores but its routine use as an
effective adjunct or primary treatment
modality requires further evidenced-based
review (29). The use of platelet-rich plasma
as an adjunct to local resection and primary

closure was reported in a total of 5 cases at
2 separate institutions (30;31). In all
instances there was complete wound
healing and resolution of pain. However, the
small number of cases that were reported
and the lack of controls mandate that further
studies be conducted prior to utilizing this
technique on a large scale. In three separate
case reports, the utilization of systemic low-
dose parathyroid hormone (PTH), an
anabolic bone hormone, was successful in
resolving an area of necrosis when other
modalities of treatment had failed (32-34). In
a recent prospective, placebo-controlled
study of 40 patients, low-dose systemic PTH
in conjunction with vitamin D and oral
calcium was associated with greater
resolution of periodontal bone defects and
accelerated intra-oral osseous healing (35).
This report does not have direct relevance to
ONJ vyet it does highlight the fact that PTH
has clear anabolic effects on craniofacial
bones and, more specifically, bone healing.
Although PTH is contraindicated in patients
with osteolytic bone metastases, this clinical
trial showing positive effects on oral healing
combined with the case reports on ONJ
healing may have real applicability for ONJ
cases in the non-cancer setting.

In those patients who are at risk of
developing ONJ, adherence to risk reduction
protocols has resulted in a decreased
incidence of this complication at certain
institutions  (36). Implementation of a
detailed dental assessment and the
avoidance of dentoalveolar surgery during
treatment with zoledronic acid resulted in a
5-fold reduction of osteonecrosis (37). In
those instances where ONJ has developed,
instituting stage-specific treatment protocols
has resulted in a good level of disease and
symptom control in a large majority of cases
(38).

Preclinical Advances — The Quest for an
Animal Model

The benefits of an animal model that
recapitulates the major clinical features of
ONJ has been repeatedly acknowledged
since soon after the identification of ONJ
(39-41). Over the past two years significant
progress has been made with over a dozen
papers published in which potential animal
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models of ONJ have been described in
mice, rats, and dogs. These studies
represent a step in the right direction,
although it remains unclear which, if any,
represent the most useful and
representative model. Although comparing

Table 2. Summary of animal models of ONJ.

and contrasting the models is difficult
because of differences in study designs, we
have summarized below what we feel are
the major strength/limitations of the models
published to date (Table 2).

Mouse (3 studies)

* 1 of 3 studies report exposed bone; 2 of 3 report necrotic bone matrix.

* Exposed and necrotic bone routinely noted in animals not treated with bisphosphonates albeit at
lower rates than in animals treated with bisphosphonates.

*  Encouraging preliminary studies aimed at potential treatments.

Rat (8 studies)

* 6 of 8 studies report exposed bone.

e All studies reporting exposed bone following extraction either extracted multiple teeth or combined
extraction with an enlargement of the original defect.
*  One report of exposed bone with only bisphosphonate treatment (no dental intervention or

concomitant treatment).

Dog (2 studies)

*  Necrotic bone matrix in the absence of dental intervention; no such matrix necrosis in untreated

animals.

* Exposed bone and sequestrum formation in a small percentage of animals treated with zoledronate

combined with dental extraction.

Mouse Models of ONJ

Three published reports in mice have
focused on ONJ. Two separate reports by
the same laboratory group have presented
some of the most detailed analyses and
results as well as potential insight into the
pathology of ONJ (42;43). In these studies,
skeletally immature mice were treated with
zoledronate (ZOL) with or  without
concomitant dexamethasone (DEX) and/or
docetaxel and then subjected to extraction
of the first maxillary molar. In one study,
bone matrix necrosis, defined as bone near
the extraction site that contains empty
lacunae, is shown to be most prevalent in
animals treated with ZOL + DEX although
regions were also observed in untreated and
DEX-only animals (42) (Fig. 3). The addition
of docetaxel exacerbates the amount of
necrotic bone matrix (both with and without
ZOL) and also produces a soft tissue
phenotype (lack of mucosal coverage) in
some animals. Somewhat surprisingly, the

model did not result in exposed bone — a
clinical hallmark and diagnosis criterion of
ONJ. In a follow-up study by the same
group, the authors observed exposed bone
in 11% of controls, 17% of ZOL, and 50% of
DEX or DEX+ZOL two weeks post-
extraction (43) (Fig. 3). By seven weeks
post-extraction all control and DEX animals
had healed extraction sites while 10% of
ZOL and 30% of ZOL + DEX remained
unhealed. This second study also began to
investigate potential preventative measures
for ONJ — showing that suppression of
immune function increased the number of
animals with exposed bone and that
treatment with either adaptive regulatory T
cells, or mesenchymal stem cells, prevented
any animals from having exposed bone at
seven weeks post-extraction (43). In both
studies, the presence of regions of exposed
bone in untreated animals at the early time
points raises some questions about the
model, most notably whether the mouse is
overly susceptible to developing necrotic
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bone following dental surgery. While this
could be viewed as an advantage in that it
provides a nice study model, it remains
unclear if this represents an important
physiological  difference compared to
humans. Nonetheless, these studies
represent a significant advance in the field
and provide a foundation for future work to

explore the model in more detail. One other
mouse experiment, by a separate group of
researchers, had relatively short-term ZOL
or etidronate treatment (11 days) and
showed no effect of bisphosphonate on
extraction site healing although assessment
was made just five days post-extraction (44).

Fig. 3. Mouse models of ONJ. (A) One day following extraction of a single molar in the maxilla (depicted by
blue box in upper left panel); regions of bone matrix void of osteocytes (demarcated in yellow) are defined
as necrotic. This is a commonly employed criteria for defining osteonecrosis although in most cases it is only
semi-quantitative (reprinted with permission from the American Society for Investigative Pathology (42)). (B)
Following extraction of a molar in the maxilla, exposed bone/non-healed sockets are more prominent in
animals treated with bisphosphonates (reproduced with permission from (43)).

Rat Models of ONJ

The earliest report of exposed bone
associated with bisphosphonate treatment in
any animal model is from Gotcher and Jee
who, in 1981, showed that treatment of
weanling rats with high doses of clodronate
resulted in some animals developing
protruding trabeculae through the soft tissue
of the oral cavity (45). These rats were
genetically susceptible to development of
periodontal disease yet were not subjected
to dental surgery.

More recently, eight additional publications
have focused on rats as a model for ONJ.
While the rat is the most utilized model at

this point, the conclusions drawn from the
papers vary significantly. Six of the eight
papers have noted exposed bone although,
in general, they have not employed the most
rigorous quantitative evaluation. In most
studies, a high percentage of animals have
exposed bone (60-100%) while a small
number of control animals also have
exposed bone. This again raises the
question of whether rats (or rodents in
general) are more susceptible to having
exposed bone following extraction even in
untreated conditions. Additionally, many of
the studies note empty osteocyte lacunae
and suggest this to be evidence that the
tissue is necrotic. Given that there is often
no quantification of the amount of empty

146

Copyright 2011 International Bone & Mineral Society



IBMS BoneKEy. 2011 March;8(3):141-153

http://www.bonekey-ibms.org/cgi/content/full/ibmske;8/3/141

doi: 10.1138/20110500

lacunae, this statement is difficult to
interpret. Certainly, some percentage of
osteocyte lacunae will be empty in any
animal at any bone site.

One potentially important  difference
between the rat studies that do and do not
report exposed bone post-extraction is that
those studies that show exposed bone all
have extracted multiple teeth. In a precedent
likely set from the early work of Sonis et al.
(46), all molars are often extracted from the
right or left maxilla in these rat studies (47-
49) (Fig. 4). This represents a significant
surgical insult, quite unlike what s
performed in most clinical situations where
ONJ develops. In the one paper where
exposed bone developed after a single tooth
extraction, the extraction was coupled with
an additional expansion of the socket to 4

mm, again a dramatic surgical insult (50). It
will be important in future studies using rats
to determine if the size of the defect plays a
role in whether or not ONJ will develop.
There also exists one report in rats showing
exposed bone in animals treated with either
ZOL or pamidronate in the absence of
dental extraction (51). These rats were
treated for 6 or 8 weeks with moderate
doses of bisphosphonate with a select
number (1-2 in the treated groups)
developing rather severe bone and soft
tissue necrosis in the jaw. This represents
the lone case in the literature where such
dramatic tissue destruction has been noted
in the absence of any oral surgery. Given
the limited numbers of animals that
developed such necrosis it is unclear if there
were other confounding factors in these
particular animals.
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Fig. 4. Rat models of ONJ. Following extraction of all molars of the left maxillary, significant soft tissue
destruction and exposed bone can be noted in bisphosphonate-treated animals. Using CT, regions of
detached bone matrix have been observed (reproduced with permission from (46) (A) and (47) (B)).

A recent paper documenting ONJ in a rat
model was focused on the interaction
between bisphosphonates and vitamin D
(VitD) deficiency (47). As a significant
percentage of the U.S. population is VitD-
deficient, the role of VitD in ONJ is not
entirely clear. However, this paper provides
two valuable additions to the ONJ literature,

including a nice array of different
assessments of necrotic bone as well as an
interesting interpretation regarding the role
of tooth fracture on formation of sequestra.
In this study, two weeks following the
extraction of all left maxillary molars, the
prevalence of ONJ in the VitD(-)/ZOL group
was 66.7% and 14.3% in ZOL, while it was
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0% in control and Vit(-). Interestingly, bone
sequestra were noted in all groups although
the highest number of affected animals were
in the VitD(-)/ZOL group. The authors noted
that sequestra often had the shape of
normal alveolar bone and suggested they
may have been the result of fracturing the
bone at the time of extraction. This raises an
interesting point that is rarely addressed in
any of these animal studies. The trauma
associated with extracting otherwise healthy
teeth can be substantial. Upwards of 25% of
the extractions in one report resulted in the
tooth fracturing (52). Ifflhow fracturing the
tooth, or the surrounding bone, plays into
healing of the site remains unclear but
should be explored in future work.

Dog Models of ONJ

Two separate published reports have
documented evidence of osteonecrosis in
dogs. In an early experiment where animals
were ftreated for 3 years with oral
alendronate (ALN) and were not subjected
to dental surgery, regions of matrix necrosis
were evident in about 30% of ALN-treated
animals and were notably absent in all
controls (53). This was not exposed bone
but instead large areas (> 500 um x 500 um

in size) within the matrix that were devoid of
osteocytes and patent canaliculi determined
by basic fuchsin staining and histological
analysis (Fig. 5). Similar results were later
noted in animals treated for one year with
oral ALN (54). In experiments specifically
aimed at understanding the interaction
between dental extraction and
bisphosphonates in dogs, 1 out of 6 animals
treated with ZOL developed exposed bone
post-extraction that eventually led to the
formation of a sequestrum (Fig. 5).
Assessment of the sequestrum with micro-
CT and histology showed that it had features
consistent with those reported in humans
with ONJ (55). In this extraction study, 50%
of the 12 extractions in the control group
(right and left premolars were each
extracted at two different time points) had at
least one root fracture (there are two roots to
each premolar). In the ZOL group only 1 of
12 animals had a root fracture. In this study,
sockets that contained roots that fractured
were excluded from the study and the one
animal that developed exposed bone did not
have any root fractures. These data suggest
that, at least in the large animal model, the
fracturing of teeth during extraction is not
itself a cause of necrosis.

Fig. 5. Dog model of ONJ. Treatment with bisphosphonates results in accumulation of necrotic bone matrix.
Brightfield and confocal imaging of basic fuchsin-stained tissue reveals a lack of patent canaliculi in discrete
regions (A-C; reproduced with permission from (53)) while non-viable osteocytes can also be observed
using lactate dehydrogenase histochemistry (D; reproduced with permission from S. Karger AG, Basel (56)).
Combining ZOL and dental extraction produced exposed bone in one of six animals (E; reproduced with

permission from (55)).
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Continuing to Move Forward

Although ONJ has been recognized as a
clinical entity for almost 7 vyears, our
understanding of the condition remains
unacceptably low. Significant progress has
occurred in the past few years and likely will
accelerate in the years to come only if more
focused clinical studies are undertaken and
if animal models, either those described
above or others, are studied in detail. This is
even more urgent given the recent findings
of ONJ in patients treated with other potent
anti-remodeling agents (denosumab). The
overwhelmingly positive benefits of anti-
remodeling agents both in the osteoporosis
and oncology settings are clear and thus the
key for minimizing the impact of ONJ will be
to define those patients most at risk, find
methods of early detection, and then
develop ways to prevent progression toward
developing exposed bone or treat those who
do develop exposed bone.
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