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To examine the CT-imaging features of subjects with bacterial osteomyelitis (OM), osteoradionecrosis 
(ORN), and medication-related osteonecrosis of the jaw (MRONJ) with histopathological confirmation, 
and to examine the diagnostic efficacy of panoramic radiography and MRI in detecting these disease 
features. 150 cases with preoperative CT data were selected: 61 bacterial OM, 19 ORN, and 70 MRONJ. 
143 cases underwent panoramic X-ray examination, and 47 underwent MRI. The assessment criteria 
for imaging findings included: (1) bone resorption, (2) osteosclerosis, (3) clarity of the mandibular 
canal, (4) periosteal reactions, (5) cortical bone perforation, (6) sequestrum, and (7) pathological 
fractures. CT was considered the gold standard for assessing these features. Compared with CT, all 
panoramic radiographs were detectable for diagnostic features of the disease. Bone resorption was 
detected in 123 cases (sensitivity 91.1%), and osteosclerosis was detected in 131 cases (sensitivity 
98.5%). With panoramic radiography, most changes to clarity of the mandibular canal and pathological 
fractures were detected (sensitivities of 87.8% and 68.8%, respectively). However, the sensitivities 
for detection of periosteal reactions, cortical bone perforation and sequestration were low (19.6%, 
17.8% and 19.4%, respectively). Sensitivity of MRI for detecting periosteal reactions, cortical bone 
perforation, sequestration, and pathological fractures (27.3%, 73.5%, 35.7%, and 60.0%, respectively) 
was equivalent or superior to panoramic imaging. MR-specific characteristics of bone marrow edema 
were depicted on almost all examinations. Panoramic radiography may be adequate for identifying 
bone resorption and osteosclerosis. However, MRI provides more value than panoramic radiography in 
detecting periosteal reactions, cortical bone perforation, sequestration, and bone marrow edema.
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Osteomyelitis (OM) is an inflammatory disease of the bone with various etiologies and pathogenetic 
manifestations1. Jawbone OM is common and results from local extension from the skin, oral cavity, or 
paranasal sinuses2. OM frequently occurs in jawbones, and oral and maxillofacial surgeons encounter cases of 
OM regularly. The incidence of OM in the jawbones is high and is 3–19 times greater in the mandible than in the 
maxilla2, particularly in the mandibular molar region3. The higher incidence of OM in the mandible is attributed 
to the thicker cortical bone, which allows inflammation within the bone marrow to progress more easily, and 
the fact that the blood supply to the mandibular body is primarily only from the inferior alveolar artery3,4. 
Simultaneously, poor blood supply is a contributing factor to intractability. The high frequency of OM in the 
mandibular molar region also reflects the higher prevalence of local periapical and periodontal inflammation in 
this region3. As OM progresses through the jaws, it causes local bone necrosis and separates bone islands from 
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the adjacent bone. The dead bone, or sequestrum, is identified on radiographic examination and is a hallmark 
of chronic suppurative OM.

In contrast, the term “osteonecrosis” refers to a state where the bone becomes devitalized, often occurring 
without infection, as exemplified by aseptic or avascular necrosis of the femoral head. In the maxilla and 
mandible, such osteonecrosis may result from prior radiation therapy involving the jaws and is referred to as 
osteoradionecrosis (ORN), defined as exposed bone that does not heal for more than three months following 
radiation therapy with no evidence of residual or recurrent tumors, typically occurring with doses of 60 Gy or 
more to the jawbones5,6. Another form of jaw osteonecrosis is associated with antiresorptive therapy, referred to 
as medication-related osteonecrosis of the jaw (MRONJ). To distinguish it from other forms of osteonecrosis, 
MRONJ is defined when all three of the following elements are met: (1) Current or previous treatment with 
antiresorptive therapy alone or in combination with immune modulators or antiangiogenic medications; (2) 
Exposed bone or bone that can be probed through an intraoral or extraoral fistula(e) in the maxillofacial region 
that has persisted for more than eight weeks; (3) No history of radiation therapy to the jaws or metastatic disease 
to the jaws7.

Practically, distinguishing between OM, ORN and MRONJ is essential. Jawbone OM is predominantly 
caused by inflammation from bacterial infections (bacterial OM). In contrast, the etiologies of ORN and MRONJ 
are distinct, although both of these forms of osteonecrosis can become secondarily infected and present with 
suppuration. However, the extent of necrosis caused by ORN and MRONJ is more extensive, and these forms are 
often intractable. Therefore, early detection and understanding of the extent of the lesion are crucial to devise an 
appropriate treatment plan. Radiologic imaging provides key information that can guide decision-making in the 
diagnosis and management of these diseases8.

Various imaging techniques, including panoramic radiography and computed tomography (CT), including 
dental cone-beam CT (CBCT) and MRI, have been applied for the evaluation of jawbone OM, ORN and 
MRONJ2. Additionally, the utility of nuclear medicine examinations such as bone scintigraphy, SPECT/CT, and 
PET/CT has been reported9–11. There is a significant body of literature on imaging diagnostics for jawbone 
OM, with studies suggesting that CT is more effective than conventional 2D radiography in depicting early 
abnormalities12 and is superior in visualizing sequestrum and periosteal reactions13. Furthermore, the use of 
CT volume data allows observation in other planes and enables three-dimensional diagnosis2. Owing to these 
factors, Baba et al.14 considered CT the gold standard in the imaging diagnosis of jawbone OM, as it accurately 
depicts the extent of the lesion. Posadzy et al.15 reported that the diagnostic capabilities of CBCT are equivalent 
to those of multidetector row CT (MDCT). On the other hand, Lee et al.16 suggested that MRI is effective for the 
early detection of jawbone OM.

Although there are numerous reports on the imaging diagnostics of jawbone OM, most studies only clinically 
diagnose OM, and studies that have evaluated cases where the diagnoses were confirmed by histopathology are 
scarce. Even in cases where histopathological evidence is available, the number of cases studied is often limited. 
Furthermore, studies detailing the differences in imaging diagnosis for bacterial OM, ORN, and MRONJ are 
lacking.

Therefore, this study aims to focus exclusively on cases of bacterial OM, ORN and MRONJ with 
histopathological confirmation, evaluate their manifestations on CT, panoramic and MRI; and elucidate their 
efficacy in displaying the characteristic diagnostic manifestations of the disease.

Results
Study patients
Analysis of variance revealed a significant difference in age among patients with different diseases (Table 1, 
p < 0.001). Subsequent post hoc comparisons revealed that the MRONJ group had a significantly greater mean 
age (75.5 ± 9.9 years) than did the bacterial OM group (64.3 ± 15.5 years), with a p value of < 0.001. No statistically 
significant differences were detected between the bacterial OM group and the ORN group or between the ORN 
group and the MRONJ group (p = 0.087 and p = 0.147, respectively).

Furthermore, a significant difference in sex ratios among the disease groups was identified (Table 1, p = 0.002). 
Upon further investigation between the pairs of groups, the MRONJ group presented a significantly greater 
percentage of females (53 cases out of 70, 75.7%) than did the ORN group (6 cases out of 19, 31.6%), with a p 
value of < 0.001. No statistically significant differences were found between the bacterial OM group and the ORN 
group or between the bacterial OM group and the MRONJ group (p = 0.019, p = 0.096, respectively). Table 2 
shows the original disease information for both the ORN group and the MRONJ group. In addition, Figs. S1–S19 

Bacterial OM (n = 61) ORN (n = 19) MRONJ (n = 70) p value

Age (y.o.)

 Mean ± SD 64.3 ± 15.5 71.5 ± 10.7 75.5 ± 9.9  < 0.001

 Range 10–85 48–88 45–94

Sex

 Man 23 13 17 0.002

 Woman 38 6 53

Table 1.  Patient demographics. OM osteomyelitis, ORN osteoradionecrosis, MRONJ medication-related 
osteonecrosis of the jaw.
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shows radiographic images before and after surgical treatment for the ORN group to facilitate a thorough review 
of the cases.

CT imaging findings
Table 3 shows the presence or absence (ratios) of each imaging finding examined in this study for the three 
diseases: 61 bacterial OM, 19 ORN, and 70 MRONJ. Bone resorption was observed in 142 out of 150 cases 
(94.7%), with no statistically significant difference in the ratio among the three diseases. Osteosclerosis was 
present in 140 of 150 cases (93.3%), with a statistically significant difference among the three diseases (p = 0.002). 
ORN was not observed in 26.3% of cases, which was more common than MRONJ was (p = 0.001), but no 
statistically significant difference was found compared with bacterial osteomyelitis (p = 0.031). Clarity of the 
mandibular canal was observed in 129 out of 150 cases (86.0%), with a statistically significant difference in 
the ratio among the three diseases (p < 0.001). Clarity of the mandibular canal was lost in 47.4% of ORN cases 
and was more common than in those with the other two diseases (ORN vs. bacterial OM: p < 0.001, ORN 
vs. MRONJ: p = 0.001). Periosteal reactions were observed in 62 out of 150 cases (41.3%), with a statistically 
significant difference in the ratio among the three diseases (p = 0.037). ORN had a frequency of 68.4% (Fig. S20), 
which was higher than that of MRONJ (p = 0.015), but no statistically significant difference was found compared 
with that of bacterial OM (p = 0.019). Cortical bone perforation was observed in 112 out of 150 cases (74.7%), 
with no statistically significant difference in the ratio among the three diseases. Sequestration was observed in 
110 out of 150 cases (73.3%), with no statistically significant difference in the ratio among the three diseases. 
Pathological fractures were observed in 16 out of 150 cases (10.7%), with a statistically significant difference in 
the ratio among the three diseases (p < 0.001). ORN had a frequency of 57.9%, which was higher than that of the 
other two diseases (ORN vs. bacterial OM: p < 0.001; ORN vs. MRONJ: p < 0.001). For all the evaluation items, 
bacterial OM and MRONJ presented similar observation ratios.

Bacterial OM (n = 61) ORN (n = 19) MRONJ (n = 70) Total (n = 150) p value

Bone Resorption
 +  58 (95.1%) 19 (100%) 65 (92.9%) 142 (94.7%)

0.686
− 3 (4.9%) 0 (0%) 5 (5.3%) 8 (5.3%)

Osteosclerosis
 +  57 (93.4%) 14 (73.7%) 69 (98.6%) 140 (93.3%)

0.002
− 4 (6.6%) 5 (26.3%) 1 (1.4%) 10 (6.7%)

Clarity of the Mandibular Canal
 +  56 (91.8%) 10 (52.6%) 63 (90.0%) 129 (86.0%)

 < 0.001
− 5 (8.2%) 9 (47.4%) 7 (10.0%) 21 (14.0%)

Periosteal Reaction
 +  23 (37.7%) 13 (68.4%) 26 (37.1%) 62 (41.3%)

0.037
− 38 (62.3%) 6 (31.6%) 44 (62.9%) 88 (58.7%)

Cortical Bone Perforation
 +  42 (68.9%) 18 (94.7%) 52 (74.3%) 112 (74.7%)

0.064
− 19 (31.1%) 1 (5.3%) 18 (25.7%) 38 (25.3%)

Sequestrum
 +  45 (73.8%) 11 (57.9%) 54 (77.1%) 110 (73.3%)

0.242
− 16 (26.2%) 8 (42.1%) 16 (22.9%) 40 (26.7%)

Pathological Fracture
 +  2 (3.3%) 11 (57.9%) 3 (4.3%) 16 (10.7%)

 < 0.001
− 59 (96.7%) 8 (42.1%) 67 (95.7%) 134 (89.3%)

Table 3.  Presence or absence of each image finding (ratio). OM osteomyelitis, ORN osteoradionecrosis, 
MRONJ medication-related osteonecrosis of the jaw.

 

Original disease Number of patients

ORN (n = 19)

 Oropharynx cancer 6

 Tongue cncer 5

 Gingival cancer 3

 Cancer of the floor of mouth 2

 Submandibular gland cancer 1

 Maxillary cancer 1

 Cervical lymph node cancer of unknown primary 1

MRONJ (n = 70)

 Osteoporosis 38

 Bone metastases from solid tumors 26

 Rheumatoid arthritis 4

 Multiple myeloma 2

Table 2.  Original disease information for ORN and MRONJ patients.
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Panoramic radiography
The diagnostic efficacy of panoramic radiography when CT is used as the gold standard is presented in Table 
4. When all the evaluation criteria are considered, panoramic radiography can detect radiographic findings 
in all 143 cases (57 bacterial OM, 19 ORN, and 67 MRONJ), yielding a detection rate of 100%. Among the 
135 cases in whom CT revealed bone resorption, panoramic radiography detected bone resorption in 123 
cases (91.1%). When CT did not reveal bone resorption, panoramic radiography was also negative, yielding a 
specificity of 100% and an overall diagnostic accuracy of 91.6% (p < 0.001, Table 4). Notably, panoramic imaging 
did not yield any false-positive results for any of the image evaluation criteria. Panoramic imaging was able 
to identify osteosclerosis in 131 of the 133 cases (98.5%) with positive CT findings. When CT was negative 
for osteosclerosis, panoramic imaging was also negative, with a high overall diagnostic accuracy of 98.6% and 
a significant concordance between the two imaging methods (p < 0.001, Table 4). To depict the clarity of the 
mandibular canal, panoramic radiography had a sensitivity of 87.8%, specificity of 100%, and accuracy of 89.5%, 
with significant concordance between both imaging methods (p < 0.001, Table 4). For identifying periosteal 
reactions, cortical bone perforations and sequestration, panoramic imaging had low sensitivity (19.6%, 17.8%, 
and 19.4%, respectively) but 100% specificity, and there was significant concordance between the two imaging 
methods (p < 0.001, Table 4). Pathological fractures were identified on panoramic radiographs with a sensitivity 
of 68.8%, a specificity of 100%, and a significant concordance between both imaging methods (p < 0.001, Table 
4).

MRI
The results of the diagnostic performance of MRI when CT was used as the gold standard are presented in Table 5. 
MRI was able to depict bone resorption and osteosclerosis in only 5 out of 47 cases (20 bacterial OM, 6 ORN, and 
21 MRONJ), yielding a detection rate of only 10.6%. The clarity of the mandibular canal outline was discerned in 
none of the 47 cases, yielding a sensitivity of 0%. The sensitivities of periosteal reactions (27.3%), cortical bone 
perforation (73.5%) and sequestration (35.7%) were greater than those of panoramic radiography (p = 0.007, 
Table 5). For detecting pathological fractures, MRI had a sensitivity of 60.0%, and significant concordance was 
observed between the two imaging methods (p = 0.001, Table 5).

The results of the evaluation of MR-specific image features are shown in Table 6. On T1-weighted images, the 
signal intensity of the diseased areas was consistently lower than that of the healthy bone marrow and parotid 
gland in all 47 cases. Additionally, the signal intensity was approximately equivalent to that of the masseter 
muscle on the contralateral healthy side. On T2-weighted fat-suppressed images, the signal intensity of the 
diseased regions was greater than that of the healthy bone marrow, masseter muscle, and parotid gland.

Discussion
The average age of the MRONJ group was more than 10 years greater than that of the bacterial OM group. 
This is expected—bisphosphonate and denosumab, the driver medications in this disease, are used to treat 
osteoporosis, bone metastases from malignant tumors, multiple myeloma, etc., which are more common with 

CT

Total p value Sensitivity (%) Specificity (%) Accuracy (%) +  −

Panoramic X-ray Imaging

Bone Resorption
 +  123 0 123

 < 0.001 91.1 100.0 91.6− 12 8 20

Total 135 8 143

Osteosclerosis
 +  131 0 131

 < 0.001 98.5 100.0 98.6− 2 10 12

Total 133 10 143

Clarity of the Mandibular Canal
 +  108 0 108

 < 0.001 87.8 100.0 89.5− 15 20 35

Total 123 20 143

Periosteal Reaction
 +  10 0 10

 < 0.001 19.6 100.0 71.3− 41 92 133

Total 51 92 143

Cortical Bone Perforation
 +  19 0 19

0.003 17.8 100.0 38.5− 88 36 124

Total 107 36 143

Sequestrum
 +  24 0 24

 < 0.001 19.4 100.0 44.1− 80 39 119

Total 104 39 143

Pathological Fracture
 +  11 0 11

 < 0.001 68.8 100.0 96.5− 5 127 132

Total 16 127 143

Table 4.  Diagnostic performance of panoramic X-ray imaging.
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increasing age. Thus, the greater average age in the MRONJ group was attributed to the disease occurrence, 
which required antiresorptive therapy. In addition, the percentage of females in the MRONJ group was greater 
than that in the ORN group. This reflects the disease prevalence in Japan. Osteoporosis patients in the MRONJ 
group have a male-to-female ratio of approximately 1:3.3 in Japan, with a higher prevalence among females17. 
On the other hand, the ORN group consisted of oral and pharyngeal cancer patients, with a male-to-female ratio 
of approximately 2.3:1 in Japan, indicating a higher prevalence among males18. Although the demographics 
of the disease reflect the local population prevalence, it is similar to the trends of the age- and male-to-female 
distributions worldwide.

In this study, we used CT results as the gold standard to determine the diagnostic performance of panoramic 
X-ray imaging and MRI. The sensitivity of CT for diagnosing OM is reported to be 77–78%, with a specificity 
of approximately 80–86% and an accuracy ranging from 79%19,20. However, these reports include few 
histopathologically confirmed diseases. In some cases, the clinical diagnosis of OM was made with a follow-up of 
six months or more, whereas in others, radiologists subjectively diagnosed cases as OM without a histopathological 
diagnosis. These reports indicate that the sensitivity of panoramic X-ray imaging for diagnosing OM is 59%, the 
specificity is 100%, and the accuracy is 66%19,20. Our study design differs from these prior reports—our case 
inclusion and categorization followed histopathological confirmation of OM or osteonecrosis and established 
clinical ORN or MRONJ criteria. It is important to note that histopathological confirmation is not applied to 
routine differential diagnosis of these diseases21,22. The distinction between the three entities is based on historic 
and clinical findings. In our study, the histopathologic confirmation provided confidence that the radiologic 
manifestations represent the specific disease entity (bacterial OM vs. ORN vs. MRONJ).

Bacterial OM (n = 20) ORN (n = 6) MRONJ (n = 21) Total (n = 47) p value

T1-wI (Comparison with healthy bone marrow)
Low 20 6 21 47

–
Intermediate 0 0 0 0

T1-wI (Comparison with healthy masseter muscle)
Low 3 0 3 6

1.000
Intermediate 17 6 18 41

T1-wI (Comparison with healthy parotid gland)
Low 20 6 21 47

–
Intermediate 0 0 0 0

T2-wI (Comparison with healthy bone marrow)

Low 0 0 4 4

0.158Intermediate 1 0 0 1

High 19 6 17 42

T2-wI (Comparison with healthy masseter muscle)

Low 0 0 1 1

0.318 Intermediate 0 0 3 3

High 20 6 17 43

T2-wI (Comparison with healthy parotid gland)

Low 0 0 4 4

0.077Intermediate 6 0 2 8

High 14 6 15 35

Table 6.  Evaluation items by MRI only. OM osteomyelitis, ORN osteoradionecrosis, MRONJ medication-
related osteonecrosis of the jaw, T1-wI T1-weighted images, T2-wI T2-weighted fat-suppressed images, Low: 
low signal intensity, Intermediate: intermediate signal intensity, High: high signal intensity.

 

CT

Total p value Sensitivity (%) Specificity (%) Accuracy (%) +  −

MRI

Periosteal Reaction
 +  6 0 6

0.007 27.3 100.0 66.0− 16 25 41

Total 22 25 47

Cortical Bone Perforation
 +  25 0 25

 < 0.001 73.5 100.0 80.9− 9 13 22

Total 34 13 47

Sequestrum
 +  10 0 10

0.003 35.7 100.0 61.7− 18 19 37

Total 28 19 47

Pathological Fracture
 +  3 0 3

0.001 60.0 100.0 95.7− 2 42 44

Total 5 42 47

Table 5.  Diagnostic performance of MRI.
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In our study, we observed bone resorption and osteosclerosis in more than 90% of the cases, as determined by 
CT. The diagnostic accuracy of panoramic radiography was also high (91.6% and 98.6%), which is adequate for 
identifying changes in the lytic and sclerotic changes of OM. Similarly, the accuracy of panoramic radiographs 
for assessing mandibular canal clarity was 89.5%. In contrast, panoramic radiographs detected only 18% cortical 
bone perforations and 19% bone sequestration. These features were observed in the majority of the cases (75% 
and 73% on CT, respectively); thus, panoramic radiography was deemed unsuitable for the detection of these 
diagnostic manifestations. Similarly, panoramic X-ray imaging revealed that only 20% of periosteal reactions 
were detected via CT, indicating that it is unsuitable for this diagnostic assessment.

When OM is suspected, conventional X-ray imaging is considered the primary choice for diagnostic 
imaging23–26. Additionally, conventional X-ray imaging is useful for evaluating the progression of the disease 
by comparing X-ray images at the initial visit with follow-up observations27. However, during the acute phase, 
the presence of OM may be overlooked in conventional X-ray imaging, leading to reported diagnostic accuracy 
rates of 73%, specificity rates of 81%, and sensitivity rates of 60% in the acute phase28. The detection of bone 
resorption via plain X-ray images requires a decrease in calcium of approximately 30–50%, which is only 
perceptible 4–8 days after onset. Therefore, abnormal findings may not be evident in the first 2–3 weeks after 
symptom onset28. Although panoramic radiographs enable a comprehensive assessment of structures such as 
the mandibular canal and maxillary sinus floor, they are limited by blurring of superimposed structures and 
distortion, and buccolingual information is inferior to that of CT29. CT is recognized for providing valuable 
information on periosteal reactions, cortical bone perforation, and sequestrum, even in cases where abnormal 
findings are not observed via plain X-ray imaging28. CT allows the creation of multiplanar reconstruction 
images from horizontal sectional images to frontal or sagittal planes, and three-dimensional evaluation of bone 
resorption, osteosclerosis, cortical bone perforation, and sequestrum is possible29. A report comparing surgical 
findings of MRONJ with CT findings indicated that the range of lesions assessed by CT is underestimated 
compared with the actual lesion range but shows a significant correlation30. In this study, panoramic radiography 
exhibited low sensitivity in detecting periosteal reactions, cortical bone perforation, and sequestration, as 
observed with CT, suggesting that the lack of information in the buccolingual dimension was the contributing 
factor.

Characteristic imaging findings were obtained with MRI; however, the detectability of bone resorption, 
osteosclerosis, and clarity of the mandibular canal ranged from 0 to 10.6%, which is relatively low. Nevertheless, 
for periosteal reactions, cortical bone perforation, and osteonecrosis, MRI demonstrated greater sensitivity 
than panoramic radiography did, suggesting the usefulness of MRI. MRI is considered particularly valuable 
in detecting the extent of inflammation in the bone marrow31. Furthermore, MRI has been reported to show 
comparable accuracy to CT in diagnosing mandibular OM32 and is highly sensitive even in the acute phase of the 
disease before CT can detect morphological changes in the bone. Even in the acute phase, where bone marrow 
edema (presence of water) leads to low signal intensity in T1-weighted images and high signal intensity in T2-
weighted images28,33,34, MRI has proven to be sensitive in the chronic phase, where the lesion exhibits low signal 
intensity in both T1- and T2-weighted images due to reduced water content28. In T2-weighted fat-suppressed 
or short-tau inversion recovery sequences, however, the signal from fat is decreased, increasing the visibility 
of inflammatory changes and fluid collections24. The sequestrum is typically depicted as no signal in both T1- 
and T2-weighted images35. However, when MRI findings are compared with surgical observations in MRONJ 
cases, mixed results of underestimation and overestimation have been reported, with no significant correlation 
observed30. Additionally, dynamic contrast-enhanced bone perfusion analysis via ultrashort echo-time MRI has 
been reported to be effective in identifying MRONJ36. Moreover, reports suggest that the apparent diffusion 
coefficient values from diffusion-weighted images are useful in distinguishing between acute and chronic OM37. 
It is anticipated that there will be an increasing demand for bone marrow infection imaging diagnosis with MRI 
in the future.

A comparison of the three conditions revealed that the incidence rates of bacterial OM and MRONJ were 
similar. Generally, CT and MRI findings in MRONJ are considered nonspecific and resemble those of bacterial 
OM38, which is consistent with the results of this study. On the other hand, ORN demonstrated different incidence 
rates in findings related to osteosclerosis and periosteal reactions than did MRONJ and distinct findings in 
mandibular canal clarity and pathological fractures compared with the other two conditions. Compared with 
MRONJ, ORN is characterized by a lower frequency of osteosclerosis and a greater frequency of pathological 
fractures39, which aligns with the results of this study. However, while previous studies have suggested that ORN 
has a lower incidence of periosteal reactions than MRONJ does39–42, the ORN group had a higher frequency 
of periosteal reactions than did the MRONJ group in this study. Our sample consisted fewer ORN cases (19), 
relative to OM (61) and MRONJ (70) subjects. A smaller sample size increases the likelihood of type II error 
(failing to detect a real effect). Notably, the numbers of ORN cases in two of the prior studies were low39,40, with 7 
and 16 patients and perhaps these studies may not have adequate power to fully detect differences between ORN 
and MRONJ. In one study39, periosteal reactions were identified in only 2.9% of MRONJ cases suggesting that 
differences in recording of periosteal reactions may underly this difference. Future studies with larger sample 
sizes and metanalyses of existing data may help provide clarity.

One limitation of this study is our defined sample. The inclusion criteria focused exclusively on cases who 
were diagnosed with OM or osteonecrosis through histopathological examination, which inevitably led to the 
exclusion of acute bone marrow inflammation or early-stage chronic bone marrow inflammation. In particular, 
while MRI is known to be extremely sensitive in detecting bone marrow inflammation even in the acute phase 
before morphological changes are visible on CT, the current study did not specifically investigate the ability of 
MRI to detect early-stage bone marrow inflammation. Additionally, cases where MRI suggested the possibility 
of bone marrow inflammation early on, followed by improvement through medication without progressing to 
histopathological examination, may have been overlooked.
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Second, despite conducting a detailed image evaluation of mandibular OM, this study did not assess cases 
where inflammation spread to soft tissues outside the mandible. With respect to the evaluation of the extent of 
inflammation spreading to soft tissues, previous reports suggest that MRI has high diagnostic accuracy, followed 
by MDCT, whereas CBCT evaluations are considered impossible. This limitation is attributed to the absence of 
CT values in CBCT.

Third, the co-occurrence of ORN and bacterial OM, as well as MRONJ and bacterial OM, has occurred. 
ORN and stages 1 and below MRONJ are classified as nonbacterial (aseptic) OM in the published literature. The 
modification of infection that occurs in the tooth and periodontal tissues in areas where bone metabolism and 
bone immunity are severely compromised, such as by radiation and drugs, leads to bone marrow- and periosteal-
derived circulatory failure, resulting in osteonecrosis. At this stage, bacterial infection has not yet occurred, but 
once bone exposure occurs, bacterial infection can easily occur, leading to the co-occurrence of bacterial OM. 
Since this study focused only on cases that underwent histopathological examination, which tends to include 
more advanced cases, it is speculated that there were a considerable number of cases with co-occurrence of 
ORN and bacterial OM, as well as MRONJ and bacterial OM. Despite these limitations, our study provides an 
in-depth comparison of the performance of panoramic radiographs and MRI in evaluating a majority of cases of 
OM/osteonecrosis occurring in the jaw. Future studies should also evaluate the maxilla, where the spectrum of 
the findings and their frequencies might differ from those in the mandible.

Methods
Subjects
This study was conducted in accordance with the Helsinki Declaration and ethical guidelines for clinical research. 
Approval was obtained from the Ethics Committee of Graduate School of Dentistry, The University of Osaka  
(Approval numbers: H21-E16, H21-E16-1, H29-E50, R4-E32). Written informed consent was obtained from all 
the participants and/or their legal guardians after the nature of the procedures was explained.

The retrospective study period was from January 2010 to August 2023. A total of 2903 cases were identified 
through a search in the Radiological Imaging Diagnostic Report System of our hospital via the keywords 
“osteomyelitis” OR “osteonecrosis” OR “ONJ” OR “radiation induced” OR “osteoradio”. From the search 
results, only cases that occurred in the mandibular molar region with histopathological confirmation of OM 
or osteonecrosis were extracted. The search identified 150 pretreatment CT examinations (including 29 CBCT 
examinations) where artifacts from dental prostheses or patient motion did not affect the image diagnosis. 
Among these cases, 143 also had panoramic radiographs, and 47 cases had pretreatment MR images. The 
breakdown of the study participants is presented in Table 1.

We included ORN cases that occurred in the mandibular molar region within a previously irradiated 
field and met the diagnostic criteria for ORN5. We included MRONJ cases with a history of treatment with 
bisphosphonates or denosumab who met the diagnostic criteria for MRONJ7. Cases who did not meet the 
diagnostic criteria for ORN or MRONJ were classified as having bacterial OM based on patient history. Among 
the 150 cases included in the study, 61 had bacterial OM, 19 had ORN, and 70 had MRONJ. Two of the 19 
subjects with ORN also had a history of bisphosphonate treatment for osteoporosis. However, their disease was 
classified as ORN on the basis of the diagnostic criteria for ORN and MRONJ.

For the CT examinations, the MDCT device used was LightSpeed VCT (GE Healthcare, Chicago, IL), and 
after January 2023, Revolution Frontier (GE Healthcare, Chicago, IL) was used. The imaging conditions for 
LightSpeed VCT included a tube voltage of 120 kV, tube current of 330 mA or less (Auto mA), slice thickness 
of 0.625 mm, matrix size of 512 × 512, and a field of view (FOV) of 25 cm. For Revolution Frontier, the imaging 
conditions included a tube voltage of 80 and 140 kV (Dual energy), tube current of 600 mA, slice thickness of 
0.625 mm, matrix size of 512 × 512, and FOV of 25 cm.

The dental CBCT equipment used was Alphard VEGA (Asahi Roentgen Ind Co., Ltd., Kyoto, Japan). The 
imaging conditions were set in P mode (tube voltage of 80 kV, tube current of 5 mA, slice thickness of 0.3 mm, 
matrix size of 512 × 512, and FOV of 15  cm) or I mode (tube voltage of 80  kV, tube current of 5  mA, slice 
thickness of 0.2 mm, matrix size of 512 × 512, and FOV of 10 cm).

The panoramic X-ray device used for panoramic X-ray examinations was Hyper-X (Asahi Roentgen Ind Co., 
Ltd., Kyoto, Japan). The imaging conditions included a tube voltage of 64 kV, tube current of 8 mA, and exposure 
time of 12 s.

The MRI equipment used for the MRI examinations was Signa HDxt 1.5 T (GE Healthcare, Chicago, IL), and 
after April 2023, Signa Premier 3.0 T (GE Healthcare, Chicago, IL) was used. Dedicated head and neck phased-
array coils of 8 channels and 21 channels were used as transmit-receive coils, respectively. Imaging sequences 
included T1-weighted and T2-weighted fat-suppressed images. The MRI imaging conditions are presented in 
Table 7.

Imaging findings assessed
To categorize the imaging findings, the following features were evaluated by H.S., who has 20 years of experience 
as an oral and maxillofacial radiologist: (1) bone resorption, (2) osteosclerosis, (3) clarity of the mandibular 
canal, (4) periosteal reaction, (5) cortical bone perforation, (6) sequestrum (necrotic bone), and (7) pathological 
fracture. The results of the CT images were considered the gold standard for determining the presence or absence 
of each imaging finding. The detailed criteria for each diagnostic trait were as follows: (1) Bone resorption 
(Fig. 1): decreased CT values in the mandibular molar region compared with those in the contralateral region, an 
unaffected site on CT images, increased radiolucency in the same area on panoramic radiographs and clear bone 
resorption (bone defect) areas in T1- and T2-weighted fat-suppressed MR images. (2) Osteosclerosis (Fig. 2): 
Increased CT values in the mandibular molar region compared with the contralateral unaffected site on CT 
images, increased radiopacity in the same area on panoramic X-ray images, and clear areas of bone sclerosis in 
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T1- and T2-weighted fat-suppressed MR images. (3) Clarity of the mandibular canal (Fig. 3): Clear visibility of 
the mandibular canal on CT images or panoramic radiographs compared with the unaffected contralateral site 
and clear visibility of the mandibular canal on T1- and T2-weighted fat-suppressed MR images. (4) Periosteal 
reaction (Fig. 4): Increased CT values outside the buccal, lingual or inferior cortex on CT images; increased 
radiopacity outside the inferior mandibular cortex on panoramic radiographs; and continuous areas of bone 
signal intensity outside the buccal, lingual or inferior cortex on T1- and T2-weighted fat-suppressed MR images. 
(5) Cortical bone perforation (Fig.  5): Discontinuity of the buccal, lingual or inferior cortex on CT images; 
discontinuity of the inferior mandibular cortex on panoramic radiographs; and discontinuity of the buccal, 
lingual or inferior cortex on T1- and T2-weighted fat-suppressed MR images. (6) Sequestrum (necrotic bone) 
(Fig. 6): Presence of bone islands with high CT values within the low-CT-value regions in the mandibular molar 
region on CT images, radiopacity within the radiolucency area in the mandibular molar region on panoramic 
radiographs, and no signal areas in the mandibular molar region on T1- and T2-weighted fat-suppressed MR 
images. (7) Pathological fracture (Fig. 7): presence of fracture lines and/or displacement of bone fragments on 
CT, panoramic, or T1- and T2-weighted fat-suppressed MR images.

For MRI analysis, signal intensities were evaluated on T1-weighted and T2-weighted fat-suppressed images 
and compared with those of the contralateral side. The areas of analysis included the mandibular bone marrow, 
masseter muscle, and parotid gland (Fig.  8). For T1-weighted and T2-weighted fat-suppressed images, we 
assessed the signal intensities within the mandibular bone marrow, masseter muscle, and parotid gland of the 
lesions and compared them with the signal intensities at the corresponding contralateral unaffected side.

Statistical analysis
For the age distribution of patients between disease groups, normality was examined via the Shapiro‒Wilk test, 
with the significance level set at 5%. As groups with a significance level less than 5% were observed, they were 
considered not to follow a normal distribution. Therefore, the Kruskal‒Wallis test was employed for analysis of 
variance, and in cases where significance was observed, Bonferroni’s multiple comparison test was applied.

To investigate whether there were differences in the sex ratio of patients and the ratio of each imaging finding 
among bacterial OM, ORN, and MRONJ and to examine the association between the presence or absence of 
each imaging finding and the imaging modality, chi-square tests or Fisher’s exact tests were conducted. When 
statistically significant differences were found among the three diseases (p < 0.05), to continue investigating 
differences between the two diseases, p < 0.05/3 was determined to be statistically significant by the Bonferroni 
correction in terms of multiple tests. With current sample sizes, the statistical power to detect overall differences, 
assuming a medium effect size (0.5) was > 0.99. For individual comparisons the statistical power was 0.81 
(bacterial OM vs MRONJ), 0.48 (ORN vs. MRONJ) and 0.47 (bacterial OM vs. ORN). Statistical analysis was 
performed via SPSS ver. 22 (IBM Corp., Armonk, NY).

Conclusions
CT is an essential imaging tool for diagnosing OM/osteonecrosis in the jaw and is considered the gold 
standard for this diagnostic assessment. Diagnostic features include lytic and sclerotic changes, clarity of the 
mandibular canal, periosteal reactions, cortical bone perforation, sequestrum and pathological fractures. The 
relative frequencies of these findings were similar in bacterial OM and MRONJ but differed from those in ORN. 
Panoramic radiography is often used to evaluate these diseases. For detecting bone resorption and osteosclerosis, 
panoramic radiography has high diagnostic accuracy. However, MRI is more accurate than panoramic 
radiography for depicting periosteal reactions, cortical bone perforation, and sequestration. MRI also revealed 
the presence of bone marrow edema, an early change in these diseases.

Signa HDxt 1.5 T Signa premier 3.0 T

T1-wI T2-wI T1-wI T2-wI

Repetition time (ms) 500 3600 500 3630

Echo time (ms) 7 80 7 80

Field of view (cm) 24

Matrix size 256 × 256  256 × 256  416 × 384  320 × 224

Slice thickness (mm) 5

Spacing (mm) 1

Band width (kHz) 31.25  31.25  83.33  83.33

Number of excitations 1

Echo Train Length 2 16 2 16

Scan time (ms) 1:14 2:03 1:38 1:49

Table 7.  MRI imaging conditions. T1-wI T1-weighted images, T2-wI T2-weighted fat-suppressed images.
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Fig. 1.  Case with bone resorption. A 79-year-old female underwent extraction of the right mandibular first 
molar at a dental clinic. Upon investigation of medication due to incomplete healing of the extraction socket, it 
was revealed that she had been taking risedronate for osteoporosis for the past 3 years and alendronate for the 
past 1.5 years. She was then referred to our hospital for further treatment. (A) CT image (bone mode) showing 
a low CT value area in the trabecular bone of the right mandibular molar region (ellipse). (B) Panoramic 
X-ray image revealing radiolucency in the same area with surrounding sclerotic changes (ellipse). (C) T1-
weighted MR image demonstrating the bone resorption area in the same region, with low signal intensity in 
the bone marrow compared with the contralateral side (ellipse). (D) T2-weighted fat-suppressed MR image 
demonstrating the bone resorption area in the same region, with high signal intensity in the bone marrow 
compared with the contralateral side (ellipse).
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Fig. 2.  Case with osteosclerosis. A 72-year-old male with a history of denosumab use for bone metastasis from 
bile duct cancer. Although he underwent extraction of the right mandibular second premolar at a dental clinic 
after a 2-month hiatus from medication, he was referred to our hospital due to treatment for bone exposure. 
(A, B) CT images (bone mode) showing an increase in CT values in the mandibular trabecular bone on both 
sides as well as the extraction socket of the right mandibular second premolar (ellipses). (C) Panoramic X-ray 
image revealing increased radiopacity in the mandibular trabecular bone on both sides. (D, E) T1-weighted 
MR image and T2-weighted fat-suppressed MR image demonstrate a sclerotic area in the same region, and the 
bone marrow signal in that area shows low signal intensity (ellipses).
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Fig. 3.  Case with clarification of the mandibular canal. A 60-year-old male underwent extraction of the lower 
right first molar at a dental clinic. Pain and suppuration occurred in the same area, leading to a referral to our 
hospital. He was diagnosed with bacterial OM because of exclusion from the ORN or MRONJ criteria. (A, 
B) CT images (bone mode) showing clarification of the right inferior alveolar canal (arrows). (C) Panoramic 
X-ray image revealing similar findings (arrows). However, the results of MRI were inconclusive.
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Fig. 4.  Case with periosteal reaction. A 70-year-old female experienced discomfort in the lower left molar 
region and sought care at a dental clinic. Initially, she was informed about the impacted lower left third molar 
but was left untreated. Later, swelling in the area developed, leading to a referral to our hospital. She was 
diagnosed with bacterial OM because of exclusion from the ORN or MRONJ criteria. (A, B) The CT images 
(bone mode) showing an area of increased CT values continuous with the outer cortical bone (arrows). (C) 
Panoramic X-ray image revealing increased radiopacity (new bone formation) along the lower border of 
the mandible (arrows). (D) T2-weighted fat-suppressed MR image displaying a high signal intensity area 
continuous with the outer cortical bone (arrows).
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Fig. 5.  Case with cortical bone perforation. A 64-year-old female had a history of using zoledronate for 3 years 
and pamidronate for 2 years to prevent bone metastasis from breast cancer. She was referred to our hospital 
due to swelling on the left side of the cheek and limited mouth opening. (A, B) CT images (bone mode) not 
showing continuity of the cortical bone on the buccal and lingual sides (arrows). (C) Panoramic X-ray image 
not revealing continuity of the cortical bone along the lower border of the mandible (arrows). (D, E) T1-
weighted MR image and T2-weighted fat-suppressed MR image not showing continuity of the cortical bone on 
the buccal and lingual sides (arrows).
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Fig. 6.  Case with a sequestrum. An 81-year-old male underwent extraction of the left lower second premolar 
at a dental clinic. Nonhealing extraction socket complications persisted, with periods of improvement and 
worsening. CBCT imaging revealed sequestrum in the left mandibular molar region, leading to referral to 
our hospital. He was diagnosed with bacterial OM because of exclusion from the ORN or MRONJ criteria. 
(A) CT image (bone mode) showing islands of high CT values within the low CT value area (arrow). (B) 
Panoramic X-ray image revealing radiopaque areas within the radiolucent area (ellipse). (C, D) T1-weighted 
MR image and T2-weighted fat-suppressed MR image demonstrating no signal intensity region suspected to be 
sequestrum (arrows).
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Fig. 7.  Case with a pathological fracture. A 75-year-old male received chemoradiotherapy with 70 Gy for 
nasopharyngeal cancer. He subsequently developed radiation-induced osteomyelitis on both sides of the 
mandible. (A, B) CT images (bone mode) showing separation and displacement of the mandible in the region 
of the left lower molar (ellipse). (C, D, E) Panoramic X-ray images, T1-weighted MR images, and T2-weighted 
fat-suppressed MR images revealing separation and displacement of the mandible in the region of the left lower 
molar (arrows).
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Data availability
The datasets used and analyzed during the current study are available from the corresponding author on rea-
sonable request.
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