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1. Abstract 

Purposes: 

The purposes of this study were 1) to assess the imaging findings of osteomyelitis of 

the mandible using diffusion-weighted magnetic resonance imaging (DWI) and predict 

the prognosis, and 2) to quantitatively assess the mandibular bone marrow using texture 

analysis to detect stage 0 medication-related osteonecrosis of the jaw (MRONJ) from 

computed tomography (CT) images. 

Materials and Methods:  

1) This study included 61 patients with osteomyelitis of the mandible (13 men and 48 

women, mean age: 68.8 years) who underwent magnetic resonance imaging (MRI). The 

apparent diffusion coefficient (ADC) value of the mandibular bone marrow was measured 

on the ADC map. Statistical analysis was performed using Welch's t-test, dividing the 

cases into two groups: a group in which osteomyelitis symptoms persisted for 4 weeks or 

more and a group in which symptoms improved in less than 4 weeks. Receiver operating 

characteristic (ROC) analysis was performed to determine the ability of ADC value to 

predict the prognosis of mandibular osteomyelitis. 

2) This retrospective study included 25 patients with stage 0 MRONJ who had a 

history of treatment with bisphosphonates and underwent CT and magnetic MRI. The 

mandibular bone marrow with abnormal signals (T1-weighted imaging: low, T2-weighted 



5 
 

imaging: low or high, short-tau inversion recovery: high) on MRI, and no qualitative 

characteristic CT and oral findings indicative of osteonecrosis (exposed bone, sequestrum, 

periosteal reaction, and osteolysis) was identified as 0 MRONJ. Texture features of the 

bone marrow of the mandible with MRONJ and the contralateral, normal mandibular 

bone marrow were extracted using an open-access software, namely, LIFEx. The volumes 

of interest (VOIs) were manually placed on CT images by tracing the bilateral mandibular 

bone marrow regions, excluding the teeth, mandibular canal, and cortical bone. Thirty-

seven texture features were extracted from each VOI. 

Results:  

1) The mean ADC value of the mandibular bone marrow was 1.377 × 10-3 mm2/s in 

the symptom-persisted group and 1.198 × 10-3 mm2/s in the symptom-improved group. A 

cutoff value of >1.303 × 10-3mm2/s was obtained from the ROC curve using the Youden 

index. 

2) Six gray-level run length matrix features and four gray-level zone length matrix 

features exhibited significant differences between mandibular bone marrow with and 

without MRONJ. 

Conclusions:  
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This study revealed 1) the ADC values of the mandibular bone marrow in persisted 

osteomyelitis and that in improved osteomyelitis and 2) CT texture analysis revealed the 

quantitative differences between the bone marrow of the mandible with stage 0 MRONJ 

and the contralateral, normal mandibular bone marrow. These results suggested that 

quantitative assessment of osteomyelitis in the mandible using digital imaging could be 

very useful information in clinical situations. 

 

Key Words: Osteomyelitis, Magnetic resonance imaging, Diffusion-weighted magnetic  

resonance imaging, Apparent diffusion coefficient, Computed tomography texture  

analysis 
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2. Introduction 

Osteomyelitis of the jaw is an inflammatory disease of the bone marrow of the jaw 

bone secondary to an abscessed tooth or postoperative infection1-4. The inflammation of 

osteomyelitis of the jaw can spread over a wide area of the jawbone, including the cortex, 

cancellous bone, and periosteum. Osteomyelitis is more common in the mandible than in 

the maxilla because the vascular supply to the mandible is less⁵. Clinical symptoms of 

osteomyelitis of the mandible include fever, malaise, swelling, local redness, and pain 

around the soft tissue, and if the condition becomes severe, surgery may be required. 

Therefore, predicting the prognosis of osteomyelitis of the mandible from imaging is a 

challenge for clinicians. 

Magnetic resonance imaging (MRI) can detect inflammatory diseases non-invasively 

and is useful in the evaluation of osteomyelitis of the mandible6-8. In particular, diffusion-

weighted magnetic resonance imaging (DWI) provides information about the Brownian 

motion of water and has been applied in recent years to a wide variety of lesions, including 

tumors and cysts9-13. DWI is able to quantitatively evaluate images using apparent 

diffusion coefficient (ADC) values. Non-invasive imaging techniques play an important 

role in the early diagnosis and follow-up of skeletal inflammatory conditions.  

Medication-related osteonecrosis of the jaw (MRONJ) is one of the serious 
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complications of treatment with bisphosphonates or antiangiogenic inhibitors. The special 

committee of the American Association of Oral and Maxillofacial Surgeons recommends 

changing the nomenclature of bisphosphonate-related osteonecrosis of the jaw (BRONJ) 

to MRONJ14. However, it has been reported that imaging findings differ between BRONJ 

and antiangiogenic inhibitor-related osteonecrosis of the jaw15. Therefore, when 

considering imaging findings of osteonecrosis of the jaw, it is appropriate to consider 

BRONJ and antiangiogenic inhibitor-related osteonecrosis of the jaw separately. MRONJ 

has four stages (0–3). Computed tomography (CT) is often the initial imaging technique 

used for confirming the presence or absence of qualitative findings such as exposed bone, 

sequestrum, periosteal reaction, and osteolysis, and identifying the causative 

inflammation in a suspected case of osteomyelitis16-19. Recently, the usefulness of 

radiomics, which is a process that analyzes lesions using quantitative features extracted 

from medical images, has been highlighted20,21. Texture analysis can quantify the texture 

in the volume of interest (VOI) of an image by identifying the spatial pattern of pixels, 

and is a common technique used in radiomics to quantify images22. In recent years, 

Texture analysis has been used for various diseases and tissues throughout the body to 

quantitatively assess the subtle pathological changes in medical images that were difficult 

to identify by conventional diagnostic imaging with the human eye23-25. However, there 
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are few studies that to assess the prognosis of mandibular osteomyelitis, and stage 0 

MRONJ quantitative features using digital imaging. 

 The purposes of this study were 1) to assess the imaging findings of osteomyelitis of 

the mandible using DWI and predict the prognosis, and 2) to quantitatively assess the 

mandibular bone marrow using texture analysis to detect stage 0 MRONJ from CT images. 
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3. Materials and Methods 

3-1. Quantitative and qualitative assessment of osteomyelitis of the mandible for 

prognosis prediction using diffusion-weighted magnetic resonance imaging 

Subjects 

This retrospective study was approved by the institutional review board (EC21-003).  

This study included 61 patients with osteomyelitis of the mandible (13 men and 48 

women, mean age is 68.8 years, ranging from 33 to 91 years old) who underwent MRI 

from April 2017 to March 2020. Patients were diagnosed according to the clinical 

symptoms (fever, malaise, swelling, local redness, pain around soft tissue, Vincent’s 

symptoms, and Yumikura symptoms) and typical MR imaging [T1-weighted imaging 

(TIWI): low, T2-weighted imaging (T2WI): low or high, Short-tau inversion recovery 

(STIR): high]6–8. Cases that were difficult to evaluate by artifacts (n=6) and cases with 

medication-related osteonecrosis of the jaw (n=23) were excluded. All patients have 

followed up more than 18 months. The duration of symptoms diagnosed by oral surgeons 

was investigated from electronic medical records. 

Methods 

MRI was performed using a 1.5-T superconductive MR unit (Intera Achieva® 1.5 T 

Nova; Philips Medical Systems, Best, Netherlands) and a 5-channel phased array coil. 
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DWI conditions were as follows: TR/TE = 5100/70, slice thickness, 6 mm; matrix, 

256×256 mm; field of view, 250×250 mm; acquisition, 3; and imaging time, 3. An ADC 

map was created on the MRI console.  

The regions of interest were manually placed by tracing the mandibular bone 

marrow on the ADC map regarding the high signal region of STIR (Figure 1). The ADC 

values of the mandibular bone marrow were measured on the ADC map independently 

by two oral radiologists (S.H. and K.I., with 4 and 12 years of experience of head and 

neck imaging), and the average value of each value was used. 

Statistical analyses 

Statistical analysis was performed using Welch's t-test, dividing the cases into two 

groups: a group in which osteomyelitis symptoms persisted for 4 weeks or more and a 

group in which symptoms improved in less than 4 weeks. The intraclass correlation 

coefficient (ICC) was used to assess the interobserver agreement of ADC value. ICC was 

classified as poor (0.0-0.19), fair (0.2-0.39), moderate (0.4-0.59), good (0.6-0.79), and 

excellent (0.8-1.00). 

Receiver operating characteristic (ROC) analysis was performed to determine the 

ability of ADC value to predict the prognosis of mandibular osteomyelitis. Statistical 

analysis was performed using the statistical package SPSS, version 28.0 (SPSS Japan, 
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Tokyo, Japan). A p-value of <0.05 was considered statistically significant. 

 

3-2. Quantitative assessment of mandibular bone marrow using computed tomography 

texture analysis for detect stage 0 medication-related osteonecrosis of the jaw 

Subjects 

This study was approved by the institutional review board (No. EC15-12-009-1) and 

was conducted as a case-control study in accordance with the Helsinki Declaration. The 

requirement to obtain written informed consent was waived for this retrospective study. 

This study included 25 patients with stage 0 MRONJ with a history of treatment with 

bisphosphonates (3 men and 22 women, mean age is 75.4 years, ranging from 48 to 88 

years old) who underwent head and neck CT and MRI for suspected osteomyelitis from 

April 1, 2006 to February 28, 2021 (Figure 2). 

The mandibular bone marrow with abnormal signals (T1-weighted imaging [T1WI]: 

low, T2-weighted imaging [T2WI]: low or high, short-tau inversion recovery [STIR]: 

high) on MRI and no qualitative characteristic CT and oral findings of osteonecrosis 

(exposed bone, sequestrum, periosteal reaction, and osteolysis) was identified as having 

stage 0 MRONJ (Figure 3)26,27. Patients with bilateral MRONJ, medication-related 

osteonecrosis of the maxilla, prior history of malignancy, and several artifacts on CT 
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images were excluded.  

Methods 

CT imaging was performed using a 64-multi-detector row CT scanner (Aquilion 64; 

Toshiba Medical Systems, Tokyo, Japan). The CT parameters were as follows: tube 

voltage, 120 kV; tube current, 100 mA; field of view, 240 × 240 mm; and helical pitch, 

41. The protocol consisted of axial (0.50 mm) and multiplanar (3.00 mm) images.  

MRI was performed using a 1.5-T superconductive MR unit (Intera Achieva 1.5T 

Nova; Philips Medical Systems, Best, Netherlands) with a 5-channel phased-array coil. 

MR images were obtained using a spin-echo sequence with the following parameters: 

axial T1WI (repetition time [TR], 423.9 ms; echo time [TE], 9 ms; slice thickness, 6 mm; 

matrix, 368 × 294; field of view [FOV], 230 × 195.5 mm), axial T2WI (TR, 4,092.8 ms; 

TE, 120 ms; slice thickness, 6 mm; matrix, 368 × 294; FOV, 230 × 195.5 mm), and axial 

STIR (TR, 2,500.0 ms; TE, 60 ms; slice thickness, 6 mm; matrix, 320 × 256; FOV, 230 × 

195.5 mm). The CT and MR images were interpreted using a medical liquid crystal 

display monitor (RadiForce G31; Eizo Nanao, Ishikawa, Japan).  

Texture features of the bone marrow of the mandible with MRONJ and the 

contralateral, normal mandibular bone marrow were extracted using an open-access 

software, namely, LIFEx28. Details of the texture features are described at the software 
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package website (https://lifexsoft.org/). The volumes of interest (VOIs) were placed by 

an oral radiology specialist with 11 years of experience (Figure 4). Thirty-seven texture 

features were extracted from each VOI.  

Statistical analysis 

The statistical significance of differences in 37 parameters between the bone marrow 

of the mandible with MRONJ and the contralateral, normal mandibular bone marrow was 

determined using the Wilcoxon rank-sum test (or paired t-test when appropriate). ROC 

curve analysis was performed to identify the optimal cutoff values for selected gray-level 

run length matrix (GLRLM) features (low gray-level run emphasis [LGRE], high gray-

level run emphasis [HGRE], short run low gray-level emphasis [SRLGE], short run high 

gray-level emphasis [SRHGE], long run low gray-level emphasis [LRLGE], and long run 

high gray-level emphasis [LRHGE]) and gray-level zone length matrix (GLZLM) 

features (low gray-level zone emphasis [LGZE], high gray-level zone emphasis [HGZE], 

short zone low gray-level emphasis [SZLGE], and short zone high gray-level emphasis 

[SZHGE]) to detect stage 0 MRONJ on CT, and the area under the curve (AUC) was 

calculated. The cutoff values were determined using the Youden index. A p-value of <0.05 

was considered statistically significant. R (version 3.6.3; R Development Core Team, 

Auckland, New Zealand) and SPSS software for Windows (version 21; IBM Japan Inc., 
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Tokyo, Japan) were used for the analyses. 

  



16 
 

4. Results 

4-1. Quantitative and qualitative assessment of osteomyelitis of the mandible for 

prognosis prediction using diffusion-weighted magnetic resonance imaging 

Table 1 shows the characteristics and imaging findings of the patients with 

osteomyelitis of the mandible. The symptom-persisted group was significantly older 

than the symptom-improved group. There were no gender differences between the two 

groups (p = 0.889). There were 3 men (20.0 %) and 12 women (80.0 %) in the 

symptom-improved group, and 10 men (21.7 %) and 36 women (78.3 %) in the 

symptom-persisted group. The mean ADC value of the mandibular bone marrow in the 

region of mandibular osteomyelitis was 1.377 ± 0.19 × 10-3 mm2/s in the symptom-

persisted group and 1.198 ± 0.11 × 10-3 mm2/s in the symptom-improved group, which 

was significantly higher in the symptom-persisted group. The interobserver agreement 

for the ADC value of osteomyelitis was excellent (ICC=0.881). Qualitative imaging 

findings, periosteal reaction and cellulitis were not significantly different between the 

groups (p = 0.562, 0.811). The periosteal reaction was observed in 3 patients (20.0 %) in 

the symptom-improved group, 6 patients (13.0 %) in the symptom-persisted group, and 

9 patients (14.8 %) overall with osteomyelitis. Cellulitis was observed in 2 patients 

(13.3 %) in the symptom-improved group, 5 patients (10.9 %) in the symptom-persisted 
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group, and 7 patients (11.5 %) overall with osteomyelitis. 

Figure 5 shows the ROC curve to determine the ability of the mean ADC value to 

predict the prognosis of the osteomyelitis of the mandible. A cutoff value of >1.303 × 

10-3 mm2/s was obtained from the ROC curve using the Youden index. If the mean ADC 

value of the mandibular bone marrow in the osteomyelitis of the mandible on the initial 

MRI shows 1.303 × 10-3 mm2/s, it is predicted that the symptoms of the osteomyelitis of 

the mandible will last for more than 4 weeks. The AUC of the ROC curve was 0.788 

(confidence interval 0.677-0.900). The sensitivity and specificity of this cutoff value 

were 0.933 and 0.696, respectively. 

 

4-2. Quantitative assessment of mandibular bone marrow using computed tomography 

texture analysis for detect stage 0 medication-related osteonecrosis of the jaw 

Table 2 shows the characteristics of patients with stage 0 MRONJ. Of the 25 patients 

with MRONJ, 23 were female (92%). All patients had a history of osteoporosis. 

Six GLRLM features (LGRE, HGRE, SRLGE, SRHGE, LRLGE, and LRHGE) and 

four GLZLM features (LGZE, HGZE, SZLGE, and SZHGE) showed significant 

differences between normal and MRONJ-affected mandibular bone marrows (p<0.05) 

(Table 3). 
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Figure 6 shows the ROC curves of related texture features for detecting stage 0 

MRONJ. LGRE at the cutoff value of ≤7.01e-05, HGRE at the cutoff value of ≥14906.01, 

SRLGE at the cutoff value of ≤6.89e-05, SRHGE at the cutoff value of ≥15024.54, 

LRLGE at the cutoff value of ≤8.06e-05, LRHGE at the cutoff value of ≥17323.50, LGZE 

at the cutoff value of ≤6.81e-05, HGZE at the cutoff value of ≥16351.96, SZLGE at the 

cutoff value of ≤4.84e-05, and SZHGE at the cutoff value of ≥12637.03 had AUCs of 

0.7792, 0.760, 0.7848, 0.7520, 0.7456, 0.7712, 0.7832, 0.7664, 0.8112, and 0.7472, 

respectively. Table 4 shows the diagnostic performances of radiomics features to detect 

the stage 0 MRONJ. The AUCs of GLRLM features (LGRE, HGRE, SRLGE, SRHGE, 

and LRHGE) and GLZLM features (LGZE, HGZE, SZLGE, and SZHGE) show 

moderate accuracy. 
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5. Discussion 

5-1. Quantitative and qualitative assessment of osteomyelitis of the mandible for 

prognosis prediction using diffusion-weighted magnetic resonance imaging  

In this study, the mean ADC value of the mandibular bone marrow in the region of 

the osteomyelitis of the mandible was 1.377 × 10-3 mm2/s in the symptom-persisted group 

and 1.198 × 10-3 mm2/s in the symptom-improved group, which was significantly higher 

in the symptom-persisted group. Previous studies have shown that there are differences 

in ADC values in the mandibular bone marrow between normal and osteomyelitis 

groups29, 30. Normal bone marrow contains adipose tissue and stromal cells, so bacterial 

infection of the bone marrow is thought to increase water content in the bone marrow due 

to inflammatory infiltration29. It is thought that the persisted group had higher ADC values 

than the improved group due to the infiltration of inflammatory cells into the tissue. 

Additionally, a cutoff value of 1.303 × 10-3 mm2/s was obtained from this study. Moreover, 

this cutoff value showed a high sensitivity of 0.933. If the ADC value on the initial MRI 

is greater than 1.303 × 10-3 mm2/s, it is predicted that the symptoms will persist a 

relatively long time. Therefore, this reference value is very useful for determining clinical 

treatment methods. 

The symptom-persisted group was significantly older than the symptom-improved 
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group in this study. Previous report has shown that mandibular bone marrow changes with 

aging30. It has been suggested that the trabecular structure of the mandibular cancellous 

bone may be lost with age. Therefore, the inflammation of the mandibular bone marrow 

is thought to have spread over a wide area. Additionally, the symptoms may have persisted 

because the immune system declines with age31. 

There was no relationship between the qualitative findings and the duration of 

symptoms of the osteomyelitis of the mandible from this study. This suggests that it is 

difficult to predict the prognosis of osteomyelitis of the mandible using computed 

tomography. Therefore, the reference value of ADC value obtained in this study is useful 

to predict the prognosis of osteomyelitis of the mandible. 

 

5-2. Quantitative assessment of mandibular bone marrow using computed  

tomography texture analysis for detect stage 0 medication-related osteonecrosis of the 

jaw 

Among 37 texture features, the bone marrow of the mandible with stage 0 MRONJ 

and the contralateral, normal mandibular bone marrow revealed significant differences 

in six GLRLM features and four GLZLM features. Moreover, these texture features 

exhibited a moderate diagnostic performance. Thus, texture analysis may be useful as a 
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new method for detecting stage 0 MRONJ using CT. 

GLRLM provides the length of homogeneous runs for each grey level in thirteen 

different directions. LGRE or HGRE is the distribution of the low or high gray-level 

runs32,33. The bone marrow of the mandible with MRONJ had a lower LGRE and a 

higher HGRE than those of the bone marrow of the contralateral mandible. This 

indicates that the high gray-level pixels of the bone marrow of the mandible with 

MRONJ were frequently contiguous, and the low gray-level pixels were less 

contiguous. The difference in these parameters is considered to be due to osteosclerosis 

of the mandible with MRONJ. SRLGE or SRHGE is the distribution of the short 

homogeneous runs with low or high gray-levels. LRLGE or LRHGE is the distribution 

of the long homogeneous runs with low or high gray-levels32,33. The mandible with 

MRONJ had lower SRLGE and LRLGE, and higher SRHGE and LRHGE than those of 

the contralateral mandible. From these GLRLM parameters, it was evident that 

osteosclerosis of the mandible with MRONJ appeared as relatively linear and irregular 

high-density regions in the image. 

The GLZLM provides information on the sizes of homogeneous zones for each 

gray-level in three dimensions. LGZE and HGZE indicate the distribution of low and 

high gray-level zones, respectively. The bone marrow of the mandible with MRONJ had 
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a lower LGZE and a higher HGZE than those of the contralateral mandibular bone 

marrow. From the difference in these parameters, it was surmised that the bone marrow 

of the mandible with MRONJ had lumpy high-density regions. SZLGE and SZHGE 

indicate the distribution of the short homogeneous zones with low and high gray-levels, 

respectively. Long-zone low gray-level emphasis (LZLGE) and long-zone high gray-

level emphasis (LZHGE) indicate the distribution of the long homogeneous zones with 

low and high gray-levels, respectively. The bone marrow of the mandible with MRONJ 

showed a significant difference between SZLGE and SZHGE compared with the 

contralateral mandibular bone marrow, but no significant difference was observed 

between LZLGE and LZHGE. From these GLZLM parameters, it was considered that 

there were many relatively small lumps in the lumpy high-density regions in the bone 

marrow of the mandible with MRONJ. 

This study has a limitation. We excluded patients with a history of treatment with 

antiangiogenic inhibitors. Antiangiogenic inhibitors are known to cause MRONJ. 

Although BRONJ and antiangiogenic inhibitor-related osteonecrosis of the jaw have 

been reported to have different qualitative CT findings, the differences in quantitative 

texture parameters obtained in this study may be applicable to the detection of 

antiangiogenic inhibitor-related osteonecrosis of the jaw15. Texture analysis of the 
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mandibles of patients with a history of treatment with antiangiogenic inhibitors is a 

topic for future research.  
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6. Conclusion 

This study revealed that 1) the ADC values of the mandibular bone marrow in 

persisted osteomyelitis and that in improved osteomyelitis, and 2) the quantitative 

differences between the bone marrow of the mandible with stage 0 MRONJ and the 

contralateral, normal mandibular bone marrow. These results suggested that quantitative 

assessment of osteomyelitis in the mandible using digital imaging could be very useful 

information in clinical situations.  
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8. Figures and legends 

 

Figure 1 The region of interest (ROI) placement of the mandibular bone marrow in 

patients with osteomyelitis of the mandible 

 

 

 

A: Axial short-tau inversion recovery image (arrow and region of interest) shows a high 

signal intensity in the left side of the mandibular bone marrow. 

B: The apparent diffusion coefficient map (arrow and region of interest) shows a high 

signal intensity in the left side of the mandibular bone marrow on the region of interest. 
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Figure 2 Flow diagram of this study  

 

Flow diagram shows patients inclusion process for the study.  

CT: computed tomography, MRI: magnetic resonance imaging, MRONJ: medication-

related osteonecrosis of the jaw 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



33 
 

Figure 3 Definition of stage 0 medication-related osteonecrosis of the jaw (MRONJ) 

using computed tomography (CT) and magnetic resonance imaging (MRI)  

 

A: The CT image reveals a normal mandibular bone marrow on the left side of the 

mandible and stage 0 MRONJ mandibular bone marrow on the right side of the mandible. 

B: The mandibular bone marrow with abnormal signals (T1WI: low, T2WI: low or high, 

STIR: high) on MRI were identified as stage 0 MRONJ.  

 
 
  

B 
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Figure 4 Volume of interest (VOI) placement of mandibular bone marrow of 

medication-related osteonecrosis of the jaw side and opposite side on computed 

tomography (CT) images 

 

A, B: The VOIs were manually placed by tracing contours of bilateral mandibular bone 

marrow, excluding teeth, mandibular canal and cortical bone on CT images. 

 
 
 
 
 
 
 
 

  

B 
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Figure 5 Receiver operating characteristic (ROC) curve analysis of apparent diffusion coefficient 

(ADC) value for predicting prognosis to osteomyelitis of the mandible 

 

The graph shows the ROC curves of the ADC for predicting the prognosis of osteomyelitis of the 

mandible. ROC analysis revealed areas under the curve for maximum ADC values of 1.303. ADC 

apparent diffusion coefficient, The predicting prognosis to osteomyelitis of the mandible, ROC 

receiver operating characteristic. 
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Figure 6 ROC curves of related texture features for detecting stage 0 medication-

related osteonecrosis of the jaw (MRONJ) 
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Graph shows the ROC curves of gray level run length matrix (A) and grey level zone 

length matrix (B) for predicting stage 0 MRONJ. 

LGRE: low gray level run emphasis, HGRE: high gray level run emphasis, SRLGE: short 

run low gray level emphasis, SRHGE: short run high gray level emphasis, LRLGE: long 

run low gray level emphasis, LRHGE: long run high gray level emphasis, LGZE: low 

gray level zone emphasis, HGZE: high gray level zone emphasis, SZLGE: short zone low 

gray level emphasis, SZHGE: short zone high gray level emphasis 
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9. Table 
 

Table 1  Patients’ characteristics and imaging findings of the osteomyelitis of the 

mandible 

 Improved OM 
(N=15) 

Persisted OM 
(N=46) 

P value 

Age 57.07 ± 18.0 72.63 ± 14.2 6.6735e-05 
Sex         
N  

   

male 3  10  0.889 
female 12  36   

ADC value 
Mean ± SD ×10⁻³mm²/s 

1.198 ± 0.11 1.377 ± 0.19 0.006205375 

Periosteal reaction 
N  

   

   presence 3  6  0.562 
   absence 12  40  
Cellulitis 
N  

   

   presence 2 5  0.811 
   absence 13 41   

NOTE: OM=osteomyelitis, SD=standard deviation, N=number 
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Table 2   Patients’ characteristics 

Patient Age Sex MRONJ site Bisphosphonates Medical history 
  M:0 

F:1 
L:0 
R:1 

  

1 82 1 1 Minodronic Acid Hydrate Osteoporosis 
2 74 0 1 Alendronate Sodium Hydrate Osteoporosis 
3 76 1 0 Sodium Risedronate Hydrate Osteoporosis, RA 
4 66 1 0 Alendronate Sodium Hydrate Osteoporosis, SLE 
5 65 1 1 Minodronic Acid Hydrate Osteoporosis 
6 78 1 0 Sodium Risedronate Hydrate Osteoporosis, RA 
7 48 0 1 Sodium Risedronate Hydrate Osteoporosis 
8 68 1 1 Alendronate Sodium Hydrate Osteoporosis 
9 73 1 1 Minodronic Acid Hydrate Osteoporosis 
10 72 1 1 Ibandronate Sodium Hydrate Osteoporosis 
11 81 1 1 Ibandronate Sodium Hydrate Osteoporosis 
12 75 1 0 Minodronic Acid Hydrate Osteoporosis 
13 82 1 0 Sodium Risedronate Hydrate Osteoporosis 
14 71 0 1 Alendronate Sodium Hydrate Osteoporosis 
15 80 1 0 Minodronic Acid Hydrate Osteoporosis 
16 85 1 1 Minodronic Acid Hydrate Osteoporosis 
17 88 1 0 Alendronate Sodium Hydrate Osteoporosis 
18 67 1 1 Alendronate Sodium Hydrate Osteoporosis 
19 74 1 0 Minodronic Acid Hydrate Osteoporosis 
20 81 1 1 Minodronic Acid Hydrate Osteoporosis 
21 82 1 0 Alendronate Sodium Hydrate Osteoporosis 
22 83 1 1 Minodronic Acid Hydrate Osteoporosis 
23 70 1 1 Minodronic Acid Hydrate Osteoporosis, DM 
24 82 1 1 Ibandronate Sodium Hydrate Osteoporosis 
25 84 1 0 Minodronic Acid Hydrate Osteoporosis 

NOTE: RA: rheumatoid arthritis, SLE: systemic lupus erythematosus, DM: diabetes 

mellitus, M: Male, F: Female, L: Left, R: Right, 
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Table 3   Radiomics features differentiating between stage 0 MRONJ site and non-

MRONJ site using Wilcoxon rank sum test and paired t-test 

Texture features Stage0 MRONJ site Non-MRONJ site Wilcoxon 
rank-sum test 

Paired t-test 

   p-value 
Histogram     

Skewness 2.83±1.01 3.25±0.80 0.082  
Kurtosis 11.65±7.10 14.02±6.60 0.090  
Entropy-log10 1.87±0.15 1.79±0.14 0.133  
Entropy-log2 6.20±0.50 5.93±0.46 0.133  
Energy 0.018±0.0076 0.022±0.0083 0.128  

GLCM     
Homogeneity 0.19±0.050 0.21±0.039  0.082 
Energy 0.0012±0.00086 0.0014±0.00089 0.090  
Contrast 393.49±260.33 274.32±158.92 0.128  
Correlation 0.61±0.14 0.54±0.16 0.190  
Entropy-log10 3.16±0.22 3.05±0.19 0.093  
Entropy-log2 10.50±0.73 10.13±0.63 0.093  
Dissimilarity 13.20±4.90 11.08±3.29 0.138  

GLRLM     
SRE 0.97±0.01 0.97±0.0088 0.148  
LRE 1.13±0.068 1.14±0.068 0.190  
LGRE 6.22e-05±1.34e-05 7.5e-05±1.03e-05  9.62e-06* 
HGRE 19007.39±5000.42 14985.7±2805.068 0.0016*  
SRLGE 6.03e-05±1.25e-05 7.27e-05±9.55e-06  7.28e-06* 
SRHGE 18613.79±5023.18 14631.79±2845.00 0.0022*  
LRLGE 7.16e-05±1.85e-05 8.75e-05±1.58e-05  3.87e-05* 
LRHGE 20910.89±4860.64 16762.43±2550.76 0.0010*  
GLNU 60.31±38.30 64.22±31.48 0.377  
RLNU 3243.33±1669.31 2932.68±1515.88 0.421  
RP 0.97±0.015 0.96±0.013 0.154  

NGLDM     
   Coarseness 0.0031±0.0012 0.0032±0.0012  0.35 

Contrast 0.70±0.46 0.47±0.22 0.105  
Busyness 0.028±0.014 0.029±0.013 0.621  

GLZLM     
   SZE 0.79±0.048 0.77±0.042 0.105  
   LZE 6.84±9.74 6.64±5.51 0.177  
   LGZE 5.91e-05±1.2e-05 7.14e-05±9.75e-06  4.79e-06* 
   HGZE 19913.9±4855.47 15861.55±2911.22 0.0012*  
   SZLGE 4.49e-05±7.27e-06 5.29e-05±5.52e-06  1.62e-06* 
   SZHGE 16271.41±4657.82 12704.43±2961.58 0.0027*  
   LZLGE 0.00054±0.00087 0.00058±0.00053 0.070  
   LZHGE 96661.15±108479.3 81554.94±57094.58 0.884  
   GLNU 33.37±14.02 34.20±13.89 0.99  
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   ZLNU 1327.57±645.94 1084.88±466.96 0.138  
   ZP 0.656±0.10 0.62±0.090 0.133  

NOTE: MRONJ=medication-related osteonecrosis of the jaw, GLCM=gray level co-

occurrence matrix, GLRLM=gray level run length matrix, NGLDM=neighborhood grey 

level different matrix, GLZLM=grey level zone length matrix, SRE=short run emphasis, 

LRE=long run emphasis, LGRE=low gray level run emphasis, HGRE=high gray level 

run emphasis, SRLGE=short run low gray level emphasis, SRHGE=short run high gray 

level emphasis, LRLGE=long run low gray level emphasis, LRHGE=long run high gray 

level emphasis, GLNU=gray level non uniformity, RLNU=run length non uniformity, 

RP=run percentage, SZE=short zone emphasis, LZE=long zone emphasis, LGZE=low 

gray level zone emphasis, HGZE=high gray level zone emphasis, SZLGE=short zone low 

gray level emphasis, SZHGE=short zone high gray level emphasis, LZLGE=long zone 

low gray level emphasis, LZHGE=long zone high gray level emphasis, ZLNU=zone 

length non uniformity, ZP=zone percentage, *p<0.01 
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Table 4   Diagnostic performances of texture parameters to predict stage0 MRONJ 

NOTE: TP=true positive, FP=false positive, FN=false negative, TN=true negative, 

AUC=area under the curve, GLCM=gray level co-occurrence matrix, GLRLM=gray 

level run length matrix, GLZLM=grey level zone length matrix, LGRE=low gray level 

run emphasis, HGRE=high gray level run emphasis, SRLGE=short run low gray level 

emphasis, SRHGE=short run high gray level emphasis, LRLGE=long run low gray level 

emphasis, LRHGE=long run high gray level emphasis, SZE=short zone emphasis, 

LGZE=low gray level zone emphasis, HGZE=high gray level zone emphasis, 

SZLGE=short zone low gray level emphasis, SZHGE=short zone high gray level 

emphasis, ZP=zone percentage 

 
 
 
 
 

 Threshold 
criterion 

TP FP FN TN Sensitivity 
(%) 

Specificity 
(%) 

Accuracy AUC 

GLRLM          
LGRE ≤7.01e-05 19 7 6 18 76.0 72.0 0.740 0.7792 
HGRE ≥14906.01 19 7 6 18 76.0 72.0 0.740 0.760 
SRLGE ≤6.89e-05 19 6 6 19 76.0 76.0 0.760 0.7848 
SRHGE ≥15024.54 18 7 7 18 72.0 72.0 0.720 0.7520 
LRLGE ≤8.06e-05 18 8 7 17 72.0 68.0 0.700 0.7456 
LRHGE ≥17323.50 20 7 5 18 80.0 72.0 0.760 0.7712 

GLZLM          
LGZE ≤6.81e-05 19 5 6 20 76.0 80.0 0.780 0.7832 
HGZE ≥16351.96 19 6 6 19 76.0 76.0 0.760 0.7664 
SZLGE ≤4.84e-05 20 6 5 19 80.0 76.0 0.780 0.8112 
SZHGE ≥12637.03 18 8 7 17 72.0 68.0 0.700 0.7472 


