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Abstract

Background: Medication-related osteonecrosis of the jaw (MRON]) is a condition that affects the jaws and is
characterized by exposed bone in the oral cavity that persists for more than eight weeks despite treatment.
Additional criteria include that the patient should have a current or past history of antiresorptive

drugs and/or in combination with antiangiogenic drugs, absence of metastasis, and no previous
radiotherapy to the affected area. The radiographic features of MRON] in most instances do not have any
specific radiographic features. This is because standard radiographs usually show no stark abnormalities in
the early stages of the disease.

Objective: The study aimed to evaluate if any specific radiographic patterns are associated with primary
cancers and between medications.

Materials and methods: The study is an observational case series. A total of 50 cases of possible
osteonecrosis from June 2010 to June 2013 archives of the Department of Oral and Maxillofacial Radiology
were assessed. Based on the history, 12 cases that had a history of medication use that could lead to
medication-related osteonecrosis of the jaw (MRON]) were selected. Cone beam computed tomography
(CBCT) scans of these 12 cases were evaluated using the CBCT reconstruction program InVivo Dental
version 6 (Anatomage Inc., San Jose, CA, USA). The number of areas showing sequestration, the pattern of
osteonecrosis, and the extent were assessed. Primary cancer and the type of medication were also assessed
to identify if certain cancers or drugs showed any distinctive pattern of osteonecrosis. Reconstructed
panoramic images and true three-dimensional (3D) multi-planar images were assessed to study the
condition. An oral and maxillofacial radiology resident in training and a board-certified oral and
maxillofacial radiologist assessed the images.

Results: Radiographic findings varied among the 12 cases and included generalized sclerosis, osteosclerosis
with widened periodontal ligament (PDL) space, bony sequestra, and bony necrosis. However, no specific or
distinctive radiographic patterns were observed in any of the cases, regardless of the type of primary cancer
or medication used.

Conclusion: It is challenging to radiographically distinguish between MRON] cases with different primary
cancer and/or medication.

Future directions: Future studies should include evaluating larger samples with varying primary cancers and
medications and combination drug therapies. Cases in an advanced stage of MRON]J do not have distinctive
features due to extensive destruction and superimposed infection; it may be valuable to evaluate patients in
the early stages of MRONTJ to better understand distinguishing radiographic patterns specific to certain
primary cancers or medications.
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Keywords: cone beam computed tomography (cbct), primary cancer, osteonecrosis, mronj, antiresorptive

Introduction

Medication-related osteonecrosis of the jaw (MRON]) was previously referred to as bisphosphonate-related
osteonecrosis of the jaw (BRON]). The American Association of Oral and Maxillofacial Surgeons (AAOMS)
defines MRONT as a debilitating bone disorder of the jaw characterized by persistent exposure of bone in the
oral cavity for more than eight weeks refractory to treatment, current or previous history of antiresorptive
therapy alone or in combination with immune modulators or antiangiogenics use, no evidence of
metastasis, and no prior radiotherapy to the affected region [1,2]. Patients who are experiencing
osteoporosis, osteopenia, and multiple forms of cancer are often prescribed agents that inhibit osteoclast
resorption of the bone. A calendar year study demonstrated that 5.1 million patients aged 55+ received
prescriptions for IV bisphosphonates alone [1]. There is a strong correlation between a history of IV
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bisphosphonates and denosumab therapies with a risk of medication-related osteonecrosis of the jaw
(MRON])). Studies showed that 70-100/10,000 persons treated with these medications are affected by MRON]
[3,4].

Currently, the stratification of disease presentation is determined through the American Association of Oral
and Maxillofacial Surgeons (AAOMS) clinical staging guidelines. The pathophysiology of MRON] is still not
known, but there are several hypotheses to explain the uniqueness of why this condition so frequently occurs
in the jaw bones. The proposed hypotheses include altered bone remodeling or over-suppression of bone
resorption, angiogenesis inhibition, and constant microtrauma. Immune suppression is also considered a
possible reason along with vitamin D deficiency, bisphosphonate toxicity, and inflammation or infection [5-
8].

The radiographic features of MRON] in most instances do not have any specific radiographic features. This is
because standard radiographs usually show no stark abnormalities in the early stages of the disease, and a
possible decalcification may be present. For this reason, they are poor screening tools for diagnosing this
condition [9-11]. While there are no specific radiographic features, localized or diffuse osteosclerosis or
thickening of the lamina dura may help in identifying possible sites of exposed necrotic bone [12]. Lack of
ossification at a dental extraction site may help as an early radiographic sign. The findings on three-
dimensional (3D) imaging such as computed tomography (CT) are also not very specific, but three-
dimensional imaging can help in detecting more subtle changes in bone mineralization. Because of its
ability to generate cross-sectional evaluation, 3D imaging may be better at identifying areas of focal
sclerosis, thickened lamina dura, early sequestrum formation, and any possible reactive periosteal bone.

Limited radiographic parameters exist to aid in the diagnosis of MRON]J, and radiographic findings alone
cannot provide adequate data for developing staging. Panoramic imaging (PI) is currently used to screen for
osteonecrosis; however, studies have shown this method to be inadequate in screening for MRONJ. Cone
beam computed tomography (CBCT) offers the added benefit of 3D imaging for added

visualization; however, there is limited evidence to support its use in MRON]J screening [13-15].

The current literature lacks comprehensive studies investigating the potential gap in understanding the
specific or distinctive patterns in radiographic presentation between different types of primary cancers,
medications, and the radiographic patterns associated with primary cancers. While some individual studies
have explored certain aspects of this topic, there is a significant gap in the existing literature when it comes
to comprehensive evaluations encompassing multiple primary cancers and their corresponding radiographic
patterns. This study aims to evaluate if there are any specific or distinctive patterns in their radiographic
presentation between the type of primary cancer, the medications, and the radiographic patterns between
primary cancers.

Materials And Methods

From the archives of the Department of Oral and Maxillofacial Radiology at the University of Connecticut
Health Center from June 2010 to June 2013, a total of 50 cases with possible osteonecrosis were evaluated,
and based on the history, 12 cases had a history of medication use that could possibly lead to medicine-
related osteonecrosis of the jaw (MRON]). The selection of cases is shown in Figure 7. The inclusion criteria
of this study are patients with a history of bisphosphonates and drugs that can cause MRON]J. Patients with
no history of drug therapy or medication regimens that could potentially lead to MRON]J were excluded from
the study.
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50 cases with CBCT and Panoramic radiograph from
Department of Oral and Maxillofacial Radiology

Medical History and Medication Review

12 cases with

study

b) History of Cancer

a) Evidence of Possible Osteonecrosis

¢) Medication history of antiresorptive agent
(bisphosphonate, Denosumab) Were included in the

Bisphosphonate

8 Patients

Denosumab
2 Patients

Both Medication

2 patients

FIGURE 1: Selection of cases

CBCT: cone beam computed tomography

In this observational case series, we evaluated if there are any specific or distinctive patterns in their
radiographic presentation between the type of primary cancer and between medications. We also evaluated

if there were any specific or distinctive patterns of osteonecrosis between medications (Table ).
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Case
b Type of primary cancer Treatment/medications Significant radiographic findings
number
1 Parathyroid cancer Denosumab Generalized sclerosis
. Generalized osteosclerosis with widened PDL
2 Breast cancer IV bisphosphonates
space
. Generalized osteosclerosis with widened PDL
3 Breast cancer IV bisphosphonates
space
4 Lung cancer (stage 4) IV bisphosphonates Bony sequestra in the left maxilla
5 Prostate cancer IV bisphosphonates Bony sequestra in the maxilla and mandible
6 Bone cancer IV bisphosphonates No significant changes
7 Multiple myeloma IV bisphosphonates Generalized sclerosis
8 Parathyroid cancer Denosumab Bony necrosis in the lower anterior mandible
9 Metastatic breast cancer IV bisphosphonates Sequestra in the left mandible
. Denosumab + IV . . .
10 Metastatic breast cancer . Buccal/lingual plates of the anterior mandible
bisphosphonates
i . Severe osteosclerotic changes in the anterior
11 Multiple myeloma IV bisphosphonates .
maxilla
Prostate cancer with bone Denosumab + IV . X
12 Unhealed sockets with no sclerotic changes

metastasis bisphosphonates

TABLE 1: Radiographic presentation between the type of primary cancer and between
medications

IV: intravenous, PDL: periodontal ligament

MiPACS Dental Enterprise Viewer 3.2.2 (Medicor Imaging, Charlotte, NC, USA) and InVivo Dental version 6
(Anatomage Inc., San Jose, CA, USA) programs were used to evaluate the 2D and 3D images, respectively.
The number of areas showing osteonecrosis, varying patterns of osteonecrosis if present, and the extent
were evaluated. Primary cancer and the type of medication were also evaluated to identify if certain cancers
or drugs showed any distinctive osteonecrosis pattern. Reconstructed panoramic images were compared to
true three-dimensional multi-planar imaging to establish any additional contribution to evaluating the
condition. An oral and maxillofacial radiology resident in training and a board-certified oral and
maxillofacial radiologist evaluated the images.

Statistical analysis

In this study, descriptive statistical analysis was performed to comprehensively understand the collected
data. Descriptive statistics were used to summarize and describe the key characteristics, trends, and patterns
observed in the dataset.

Results

CBCT scans were evaluated in the axial, sagittal, and coronal planes. Some of the key features evaluated
were patterns of osteonecrosis (regions or presentation), pathological fractures, and bone sequestra. The
evaluation of the presented cases demonstrated that multi-planar imaging was significantly superior to
reconstructed panoramic imaging in assessing the extent of lesions and localizing sequestra.

The descriptive statistics for the collected cases are as follows. There are 12 cases with a history of
medication use that could lead to medication-related osteonecrosis of the jaw. The primary cancers were as
follows: parathyroid cancer (two cases), breast cancer (three cases), lung cancer (stage 4) (one case), prostate
cancer (two cases), bone cancer (one case), multiple myeloma (two cases), metastatic breast cancer (two
cases), and prostate cancer with bone metastasis (one case). The treatments used were denosumab (four
cases) and IV bisphosphonates (eight cases). The significant radiographic findings were as follows:
generalized sclerosis (three cases), generalized osteosclerosis with widened periodontal ligament (PDL)
space (two cases), bony sequestra in the left maxilla (one case), bony sequestra in the maxilla and mandible
(one case), bony necrosis in the lower anterior mandible (one case), sequestra in the left mandible (one
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case), buccal/lingual plates of the anterior mandible (one case), severe osteosclerotic changes in the anterior
maxilla (one case), unhealed sockets #3, #8, #9 and no sclerotic changes (one case), and no significant
changes (one case).

In this set of cases, parathyroid cancer was treated with denosumab, a medication that resulted in
generalized sclerosis on radiographs. Breast cancer cases were treated with IV bisphosphonates and showed
significant radiographic findings of generalized osteosclerosis with widened periodontal ligament (PDL)
space (Figure 2). Two breast cancer cases also presented bony sequestrum. A patient with stage 4 lung
cancer had bony sequestra in the left maxilla, while a prostate cancer patient exhibited bony sequestra in
the maxilla and mandible. Another patient with bone cancer did not show any significant radiographic
changes. Multiple myeloma cases displayed either generalized sclerosis or severe osteosclerotic changes in
the anterior maxilla. A case of parathyroid cancer treated with denosumab showed bony necrosis in the
lower anterior mandible. Metastatic breast cancer cases presented with sequestra in the mandible (Figure 3),
and one case also showed discontinuity in the buccal and lingual plates. A prostate cancer patient with bone
metastasis exhibited unhealed sockets without sclerotic changes (Figure 4). Radiographic findings varied
among the cases and included generalized sclerosis, osteosclerosis with widened PDL space, bony sequestra,
and bony necrosis. However, no specific or distinctive radiographic patterns were observed in any of the
cases, regardless of the type of primary cancer or medication used.

FIGURE 2: Generalized osteosclerosis with widened PDL space (yellow
circle)

PDL: periodontal ligament
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FIGURE 3: Bony sequestra in the mandible along with discontinuity in
the buccal cortical plate (yellow circle)

FIGURE 4: Unhealed sockets without sclerotic changes (yellow circle)

Discussion

MRON]J, a significant oral complication, was first reported in 2003. The American Association of Oral and
Maxillofacial Surgeons has provided specific criteria for the diagnosis of MRONTJ as well as a staging system.
The staging and criteria are primarily based on clinical evaluation with stage 0 being based on radiographic
examination (AAOMS staging) [1]. While the primary presentation and diagnosis including the staging may
be based on clinical evaluation, there is significant value to radiographic examination, especially for
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treatment planning [16-18].

Osteonecrosis is characterized by sequestrum formation, and if the systemic health is good and if there is
adequate time, the body launches its defense mechanism leading to periosteal new bone formation primarily
aimed at preventing a pathological fracture. The uniqueness of this feature is that the new bone is on the
outside or on the periosteal side. Typically, the new bone is in the innermost region of the bone. Bacterial
and radiation-induced necrosis of the jaw can be discerned from each other based on specific identifying
features. In bacterial osteonecrosis, along with sequestrum formation, periosteal new bone formation is an
expected radiographic finding. This is when compared to osteoradionecrosis. Because of the annihilation of
blood supply to the area where therapeutic radiation has been performed, there is typically no new bone
formation. This is a very valuable diagnostic feature [19,20].

With regard to chemically induced osteonecrosis such as medication-related osteonecrosis, there are several
drugs in varying categories that are used for the treatment of various tumors such as prostate cancer or
breast cancer, or for different systemic conditions such as osteoporosis and Paget’s disease [21,22]. A key
question is whether there is a specific pattern of osteonecrosis that is visualized upon radiographic imaging
that is specific to either the primary tumor or the specific medication. This can help in the identification of
both the primary tumor and the medication being used.

There are not an adequate number of well-designed studies that have evaluated if the primary tumor or the
condition for which medication is being taken has any specific radiographic pattern that can be discernible
from the radiographic presentation of other tumors or conditions and if these can be specifically associated
to these conditions or to the specific medication [23,24]. In our current study, evaluation of the medical
history, medication history, and radiographic analysis demonstrated that there was insufficient evidence to
distinguish radiographic patterns among patients with similar primary cancer. However, when the results
were stratified by medication class, it appears that intravenous bisphosphonate therapy demonstrated more
severe osteonecrosis on imaging. The strength of the association between intravenous bisphosphonate use
and osteonecrosis of the jaw (ONJ) has been evaluated in various studies, primarily in cancer patients
receiving high-dose intravenous bisphosphonates. The findings have shown an increased risk of ONJ in this
specific population, although the absolute risk remains relatively low. It is important to note that
osteonecrosis occurring in other bones, such as long bones or the hip, is less commonly associated with
bisphosphonate use. However, some studies have suggested a potential association, particularly with long-
term or high-dose use of intravenous bisphosphonates [22]. However, there were no specific or distinctive
radiographic patterns observed in the presentation of the area of MRON]J between different types of primary
cancer or medication.

The study had limitations in sample size and limited clinical information. Future research should follow
patients longitudinally, starting in the early stages of MRONJ (stages 0-1). With larger sample sizes as part
of possibly multicenter studies, this is a useful direction for future studies because the number of well-
documented cases and the incidence rates of MRONJ are low.

Despite over a decade of knowledge on MRONJ, there are still reports in the literature describing the clinical
symptoms of MRON]J without exposed necrotic bone, known as stage 0 disease, which is considered to be at
risk for MRONJ [24]. Case series reports have been published, characterizing radiographic findings in
patients with symptomatic stage 0, contributing to efforts to identify radiographic patterns that may
precede the development of MRONTJ in at-risk populations.

Conclusions

There are no specific patterns between primary tumors or conditions and medications associated with the
radiographic appearance of MRON]J. It is challenging to radiographically distinguish MRON] between
primary cancers, but IV bisphosphonates demonstrated more severe osteonecrosis. Future directions should
include evaluating larger samples with varying primary cancers and medications. Advanced MRON] cases do
not have distinctive features due to extensive destruction and superimposed infection; it may be valuable to
evaluate cases in the early stages of MRON]J to better understand distinguishing radiographic patterns
specific to certain primary cancers or medications.
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