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INTRODUCTION

Patients exposed to bisphosphonates or other antiresorptive medications are at risk for
developing osteonecraosis of the jaws (ONJ). ONJ is also associated with other diseases or
etiologies [1-3]. For the purposes of this paper, the term ONJ only applies to those patients
exposed to antiresorptive medications who develop osteonecrosis. ONJ is a complex disease
involving multiple tissue and cell-type responses to wound healing and/or infection. The
American Association of Oral and Maxillofacial Surgeons (AAOMS) defines BRONJ as
exposed, necrotic bone in the maxillofacial region that has persisted for more than eight
weeks in a patient with current or previous bisphosphonate treatment, without a history of
radiation therapy to the jaws [4, 5]. Since the first reported ONJ cases in 2003 and 2004,
there has been little advancement in understanding the etiology and pathophysiology of ONJ
[6, 7]. Many hypotheses are proposed, including bisphosphonate (BP) toxicity to oral
epithelium, altered wound healing after tooth extraction, high turnover of the mandible and
maxilla, oral biofilm formation, infection and inflammation, and suppression of
angiogenesis and bone turnover [8, 9].

The current classification system of ONJ involves Stages 0-3, and is based on patient
clinical presentation. While a stage 0 ONJ patient will not present with any exposed bone,
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making it difficult to diagnose, stages 1-3 are all defined, in part, by a patient with bone
exposed to the oral cavity. Stage 1 patients are asymptomatic and show no signs of infection,
but a Stage 2 ONJ patient will present with infection that is often associated with pain,
erythema, and purulent drainage. Stage 3 ONJ involves necrotic bone extending past the
alveolus, pathological fracture, extraoral fistula, oral antral/oral nasal communication, or
osteolysis extending to the inferior border of the mandible or the sinus floor [5].

Since the initial reports in BP treated patients, ONJ has been reported in patients receiving
the osteoclast inhibitor denosumab. BPs and denosumab target osteoclasts through distinct
mechanisms. BPs are released from hydroxyapatite in bone during remodeling and induce
osteoclast apoptosis and inhibit osteoclast differentiation and function [10-13]. In contrast,
denosumab targets osteoclast precursors by binding RANK, preventing the RANKL-RANK
complex formation to inhibit osteoclast formation, differentiation, and function [14, 15].
Notwithstanding pharmacologic differences, both of these drugs ultimately prevent
osteoclasts from resorbing bone, making inhibition of bone remodeling a critical factor in
the pathogenesis of ONJ [9].

We, and others, have described ONJ in patients receiving denosumab therapy [5, 16-19].
Published literature indicates that both osteoclast inhibitors induce similar severity and
prevalence of classic ONJ disease with bone exposure [20-23]. From all published
descriptions, it appears that the clinical and radiographic appearance of exposed, necrotic
bone in patients receiving denosumab is similar to BP associated disease. However, it is not
clear if denosumab treatment can result in stage 0 ONJ.

Here, we extend the spectrum of parallel clinical presentation to stage 0 disease, as we
present a case of ONJ without clinical bone exposure in a patient on denosumab. This case
further demonstrates the full-spectrum similarities in the clinical, radiographic, and
histologic manifestations of BP- and denosumab-associated ONJ. Our findings are
significant in two folds. From a pathophysiological perspective, these similarities point to
osteoclast inhibition as a central mechanism in ONJ development. From a clinical
perspective, as denosumab use is becoming more common, awareness of the likelihood of
stage O disease in these patients should readily enter the diagnostic realm of possibility.

REPORT OF A CASE

A 26 year-old male presented to the oral and maxillofacial surgery clinic at the University of
California, Los Angeles (UCLA) School of Dentistry to evaluate some fractured and painful
teeth, especially dull pain in the lower right. His medical history was significant for a left
sacral giant cell tumor (GCT) diagnosed in 2009. He had been treated with 120mg
subcutaneous denosumab every 3 months until January 2011. His therapy was suspended for
almost a year until he resumed denosumab treatment in December 2011, now at 120mg
subcutaneous every 1-2 months. In March 2013, he presented with several fractured teeth,
with pain mostly in the lower right. He had not seen a dentist in several years. His medical
history was not significant, and his only surgery was placement of a ventriculoperitoneal
shunt as a child. His medications at the time of presentation included oxycodone, dilaudid,
neurontin, methacarbamol, calcium, vitamin D, and a history of denosumab (Amgen,
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Thousand Oaks, CA). His oncologist had suspended the denosumab therapy in December
2012 until he could be dentally cleared.

Upon examination, there were multiple carious and fractured teeth that were sensitive to
palpation including teeth 4 and 14, with only root tips present of 5, 12, 19, and 30 (Fig 1).
There were no active signs of infection, without purulence, erythema, or edema. There was
no paresthesia, anesthesia, or dysesthesia at the time of presentation. The panoramic
radiograph revealed multiple grossly carious teeth (Fig 2, white arrows) with widening of
the periodontal ligament (PDL) space and loss of lamina dura, suggestive of periapical
disease. In particular, increased alveolar bone density was observed around teeth # 19 and
30 (Fig 2B and C, black arrows). The sclerotic bone changes appeared more extensive on the
right side.

To further examine the alveolar bone architecture in detail, high-resolution, limited field of
view (FOV) cone-beam CT (CBCT) scans were obtained, utilizing the Morita Accuitomo
170 scanner at a 4x4 cm FOV. The CBCT scans showed the root fragments of teeth 19 and
30 (Fig 3, white arrows) and increased trabecular density of the alveolar ridge with loss of
trabecular architecture (Fig 3, black arrows). Multiple small areas of osteolysis were also
observed (Fig 3, white arrowheads). These changes were more extensive on the right side
extending from the retromolar area to the area of the premolars, and from the alveolar crest
to the inferior border of the mandible, through the full bucco-lingual width of the mandible.
In contrast, on the left side, trabecular changes were mostly localized to the area of #18-20.
Importantly, CBCT scans revealed the presence of a large segment of the lingual cortical
plate that was separated from the adjacent cortical and trabecular bone. This bone fragment
extended from the distal surface of # 30 to the distal surface of # 32 (Fig 4, white
arrowheads), highly suggestive of a bone sequestrum.

From the patient history and exam, coupled with the radiographic findings, we developed a
differential diagnosis, which included chronic sclerosing osteomyelitis, fibro-osseous
disease, primary or metastatic malignancy, and stage 0 ONJ [5, 18, 24]. Due to the risk of
infection and potentially increased severity of ONJ, it was deemed necessary to extract the
teeth with significant dental disease, and biopsy the bone sequestrum that was seen
radiographically. First, the denosumab was not used for an additional 2 months, and the
patient was started on amoxicillin therapy 500 mg orally three times per day and
chlorhexidine 0.12% mouthrinse twice per day. After 2 months, teeth 5, 12, 19, and 30 were
extracted with debridement of the sockets and removal of the loose bone sequestrum. The
bone fragment was submitted to pathology for histologic examination. Hematoxylin and
eosin staining revealed complete osteonecrosis with empty osteocytic lacunae (Fig 5, blue
arrows) and rimming by neutrophils (Fig 5, green arrows) throughout the full extent of the
bone fragment. No osteocytes, osteoblasts, or osteoclasts were present. With the
combination of imaging and biopsy results, coupled with antiresorptive therapy, a diagnosis
of Stage 0 ONJ was confirmed.
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DISCUSSION

BP treated patients can present with ONJ-like radiographic or clinical symptoms, but
without orally exposed bone [17, 18, 24, 25], compelling modification of the original ONJ
classification to add stage 0 disease [5]. Stage 0 ONJ is characterized by absence of
clinically exposed bone in patients presenting with non-specific symptoms or clinical and
radiographic findings [5]. Stage O disease has been reported in patients receiving intravenous
and oral BPs, but may be underestimated [24-28]. In fact, up to 30% of ONJ cases may
present without exposed bone [17, 29]. This non-exposed bone variant, or stage 0 ONJ,
underscores the importance of early diagnosis. Other than clinical symptoms [17, 25, 28],
radiographic evaluation has been most valuable in diagnosing stage 0 disease [18].

To date, stage 0 ONJ has only been reported in patients on BP therapy. The clinical
symptoms may be nonspecific such as odontalgia not explained by an odontogenic cause,
dull and aching bone pain in the body of the mandible that may radiate to the TMJ region,
sinus pain which could be associated with inflammation and thickening of the maxillary
sinus wall, or altered neurosensory function. More specific clinical findings may include
loosening of teeth not explained by chronic periodontal disease or periapical/periodontal
fistula not associated with pulpal necrosis due to caries [5]. Our patient presented with dull
bone pain, especially in the lower right posterior region. Although he is taking denosumab
and not BP, this further supports the full spectrum similarities between BP-associated ONJ
and denosumab-associated ONJ.

Several studies have investigated stage 0 ONJ in BP-treated patients. The AAOMS defines
stage O radiographic features in BP-treated patients as alveolar bone loss not attributable to
chronic periodontal disease, trabecular bone alterations including dense woven bone, and
persistent unremodeled bone in extraction sites, thickening of the lamina dura, and inferior
alveolar canal narrowing [5]. Furthermore, sequestration of necrotic non-exposed bone has
been reported [25]. These findings were substantiated in a radiographic study of BP-treated
patients with concerning clinical symptoms. Findings on panoramic radiographs, computed
tomography, and cone beam computed tomography included regional or diffuse
osteosclerosis of the alveolar margins or lamina dura, cortical disruption, uniform
periradicular radiolucencies, prominent inferior alveolar nerve canal, persisting alveolar
socket, and thickened buccal or lingual cortices [18]. Similar findings were noted in our
denosumab-treated patient with stage 0 disease. A panoramic radiograph revealed diffuse
trabecular architecture and osteosclerosis, but failed to detect the presence of sequestreation.
This underscores the limitations of 2-dimensional radiography, including intraoral and
panoramic radiographs in ONJ diagnosis, especially in evaluation of stage 0 disease. Indeed,
conventional radiographs can underestimate the presence and extent of cortical and
trabecular changes in ONJ patients [30, 31]. However, high-resolution CBCT scans clearly
delineated the presence of a bony sequestrum on the lingual aspect of the alveolus. The
radiographic detection of bone sequestration had a major impact on the management of this
patient. Because of the difficulty in diagnosing stage 0 ONJ clinically or with conventioanal
radiographs, we recommend advanced imaging for all patients on anti-resorptive therapy
with non-specific symptomatology.
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The hallmark of ONJ in both human and animal histopathological studies is the presence of
necrotic bone with osteocyte loss and empty lacunae [32-35]. Although stage 0 ONJ was not
in the original disease description, animal studies suggest that stage 0 ONJ is not uncommon
[36-44]. Due to the recommended conservative treatment of ONJ, large histologic studies in
stage O patients are lacking. However, animal data report the presence of necrotic bone in
the absence of bone exposure that can be as high as 66% [36, 41]. In patients, stage 0 disease
often progresses to stage 1, 2, or 3, and 30% of ONJ cases may initially present without
clinical evidence of exposed necrotic bone [17, 24]. Here we report the confirmed histologic
diagnosis of ONJ in a stage 0 patient receiving denosumab.

As data are being collected in large clinical trials, the importance of stage 0 diagnosis for
complete assessment of ONJ is apparent. These large studies demonstrate a similar
prevalence in ONJ for BP vs. denosumab treatment [20-23]. However, these studies only
include stage 1-3 disease. Diagnosis of stage 0 disease will more accurately reflect disease
burden, and will allow earlier intervention with preventative or therapeutic modalities. In
conclusion, we report a case of stage 0 ONJ confirmed radiographically and histologically in
a patient on denosumab treatment. Importantly, our data add to the evidence that denosumab
associated ONJ is similar to BP associated ONJ in the full spectrum of the disease, and
emphasizes the central role of bone remodeling suppression in disease pathophysiology.
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Figure 1.
Clinical presentation of the patient. Root fragments in the areas of #19 and 30 can be seen.

However, no evidence of bone exposure or fistula formation is present.
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Figure 2.
A) Panoramic radiograph of patient at the time of presentation. B) and C) magnified areas of

the panoramic radiograph focusing on the posterior right and left mandible, respectively.
White arrows point to the root fragments, while black arrows show areas of increased bone
density.
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Figure 3.
Axial (A, D), cross-sectional (B, E) and sagittal (C, F) cone beam CT (CBCT) slices of the

patient’s right (A, B, C) and left (D, E, F) posterior mandible. White arrows point to root
fragments, black arrows to areas of increased trabecular density and loss of trabecular
architecture, and white arrowhead to radiolucent areas.
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Figure 4.
Axial (A), cross-sectional (B) and sagittal (C) CBCT slices through the area of the lingual

cortical plate of the posterior right mandible. White arrowheads delineate the sequestrum
outline.
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Figure 5.
4X (A), 10X (B), and 20X (C) magnification of H&E stained histologic sections of the bone

fragment. Blue arrows point to empty osteocytic lacunae, while green arrows point to
neutrophil rimming of the bone. No osteoblasts, osteocytes or osteoclasts are seen.
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