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Mandibular cortical bone measurement with x-ray imaging is known to be a potentially useful tool in 

the detection of dimensional changes caused by bisphosphonate. The primary purpose of this study was to 

assess the meaning and limitation of cortical bone measurement with computed tomography (CT) in 

patients with medication-related osteonecrosis of the jaw (MRONJ). The investigators obtained 

DentaScan images of the mandible from 15 patients with MRONJ, 15 patients with a history of 

antiresorptive agent administration without symptoms of MRONJ (non-MRONJ), and 15 control subjects. 

The cortical bone width measured on DentaScan images was compared between the three groups 

(ANOVA and Tukey’s test). Interobserver reliability between two observers was also assessed. The values 

of interclass correlation coefficient were 0.48 in the MRONJ group, 0.29 in the Non-MRONJ group, and 

0.34 in control group. The cortical bone widths calculated both by observer 1 and observer 2 were thicker 

in patients with MRONJ than in the non-MRONJ group and controls. There were significant differences 

in cortical bone width among the MRONJ, non-MRONJ, and control groups in observer 1 (P < 0.001) and 

observer 2 (P < 0.001), specifically comparing the MRONJ group with the non-MRONJ group and the 

control group. Cortical bone width measurement is useful for the distinction between medication-related 

osteonecrosis of the jaw and normal bone, in spite of the low interobserver reliability. 

 

INTRODUCTION 

Bisphosphonate-related osteonecrosis of the jaw was first reported in 2003, with the term recently changed to 

medication-related osteonecrosis of the jaw (MRONJ), because RANK ligand inhibitor (denosumab) used for the 

treatment of osteoporosis and cancer metastasis to bone is also known to cause osteonecrosis of jaw [5, 7, 12, 14, 

15]. Bisphosphonates (BPs) inhibit osteogenic cells, osteoclasts, and human fibroblasts, and restrict 

vasculogenesis and angiogenesis, resulting in insufficient mucosal wound healing [10]. Furthermore, Bone 

turnover is suppressed by the administration of BPs and denosumab. Although there are numerous studies 

regarding the underlying mechanisms, the exact etiopathology of MRONJ has been still elusive. 

MRONJ severely affects patients’ quality of life, causing pain, reduced oral hygiene, and eating difficulty. 

As a result, this condition has become an important therapeutic concern for oral and maxillofacial surgeons [17]. 

MRONJ risk factors have been reported previously and include that subjects treated with high-dose intravenous 

nitrogen-containing BPs or oral nitrogen-containing BPs for > 3 years have a higher risk of MRONJ than the 

general population [11]. Baseline osteomyelitis is also a strong risk factor for MRONJ [16]. 

The clinical assessment of MRONJ with radiological imaging contributes to informed consent and treatment 

planning. Although radiological imaging such as panoramic radiographs, computed tomography (CT), magnetic 

resonance imaging, and bone scintigraphy contribute to the clinical assessment of MRONJ patients, the 

relevance and efficacy of radiological imaging remain undetermined [1, 17]. To determine resection margin for 

surgical debridement, CT is adequate to detect osteolytic area in medullary cavity. Moreover, changes in cortices 

(e.g., cortical thickening) should be evaluated. Because cortical change which reflects the effect of medication or 

infection is one of important factors of the success of oral and maxillofacial surgery [13]. Mandibular cortical 

width measurement with x-ray imaging has been suggested as a screening tool for bone densitometry for 

osteoporosis investigation [19]. Some recent studies report that mandibular cortical bone measurement with 

cone-beam CT or panoramic radiographs is a potentially useful tool in the detection of bone dimensional 

changes caused by BPs [20, 21]. Another report established a simple method to detect MRONJ using CT, and 

revealed that there was a significant difference in cortical bone width between MRONJ patients and control 
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subjects, however, did not show the value of interclass correlation coefficient, in spite of the evaluation by two 

observers [8]. 

The primary purpose of this study was to evaluate the meaning and limitation of cortical bone width 

measurement for diagnosis of MRONJ, by comparing the cortical bone width of MRONJ with control groups 

and assessing the interobserver reliability. 

 

MATERIAL AND METHODS 

Study design 

This retrospective study was carried following approval from the Ethics Committee of Kobe University 

Hospital (No. 1708). All subjects gave written informed consent to use their CT images for the clinical study. 

Patients 

The inclusion criteria of this study were all of the patients who were referred to the Department of Oral and 

Maxillofacial Surgery at Kobe University Hospital from January 2007 to January 2015 for the treatment of 

MRONJ, and underwent DentaScan examinations before the treatment of MRONJ. DentaScan is a computer 

software program which provides CT imaging of the jaw in three planes of reference: axial, panoramic, and 

oblique sagittal, and its clinical usefulness has been reported [6, 22]. The patients who did not undergo 

DentaScan examinations were excluded in this retrospective study during the study period. 

We included three study groups: MRONJ group, non-MRONJ group, and control group. The MRONJ group 

consisted of 15 patients who had a history of BP or denosumab administration and symptoms of MRONJ. The 

non-MRONJ group consisted of 15 patients who had a history of BP or denosumab administration and no 

symptoms of MRONJ, and who underwent DentaScan for diagnosis and treatment planning for other purposes 

(almost all of them were planning for dental implant insertion). The control group consisted of 15 patients who 

had no history of antiresorptive medications and no symptoms of MRONJ. They also had no systemic illness, no 

mandibular lesions, and had undergone DentaScan for other purposes (almost all of them were planning for 

dental implant insertion). The control group was similar to the study group in terms of age and sex distributions. 

Study subjects in the non-MRONJ and the control group were randomly selected before we evaluated the CT 

images. This study did not edentulous patient. 

The following epidemiological data were retrospectively gathered from the medical charts: age, sex, primary 

disease, medication, the administration of duration and period of antiresorptive agents, MRONJ site and stage at 

the first visit. 

MRONJ diagnostic criteria 

The diagnosis of MRONJ at first visit was retrospectively made by reviewing medical charts according to the 

2014 Guidelines of the American Association of Oral and Maxillofacial Surgeons as follows: current or previous 

treatment with antiresorptive or antiangiogenic agents, exposed bone or bone that could be probed through an 

intraoral or extraoral fistula(e) in the maxillofacial region that had persisted for more than 8 weeks, and no 

history of radiation therapy to the jaws or obvious metastatic disease to the jaws [15]. 

Computed tomography 

CT examinations were performed in MRONJ patients at the time of diagnosis, using an Aquilion 64 (Toshiba 

Medical Systems, Tokyo, Japan) at the Hakubikai Imaging Support Center or Kobe University Hospital (tube 

voltage: 120kV; tube current: 100 mA; rotation time: 0.5 s/rotation; slice width: 0.5 mm; slice interval: 0.3mm; 

field of view: 25 cm; reconstruction kernel: FC30, scan pitch: 0.688). The scanned area extended from the floor 

of the orbit to the inferior border of the mandible. Multiplanar reconstructions using DentaScan software were 

done. CT images in the non-MRONJ and control group patients were obtained using the same settings as for the 

MRONJ patients. 

Measurement and analysis methods 

Hamada et al. previously established a simple evaluation method for cortical bone width calculation [8]. We 

modified their method as described in detail in Figure 1. All measurements were automatically done in enlarged 

view at the same magnification by using DICOM workstation (Yokogawa Medical Solutions Corporation, 

Tokyo, Japan), because the image size of DentaScan is very small. Cortical bone width was independently and 

blindly calculated by 2 observers [EI and MK]. 
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Figure 1. Method to measure the cortical bone width in mandible using Dental CT, originally established by Hamada et al. 

[8]: (a) = Measurement sites in oblique sagittal images. A line was drawn vertical to the occlusal plane [A], and 2 

lines were marked parallel to the occlusal plane which divided the space between the alveolar crest [B] and the 

lower edge of the mandible [C] into 3 equal parts. ↔: Cortical bone width was defined as [ab + al] on the alveolar 

level and [bb + bl] on the body level. ab: alveolar buccal, al: alveolar lingual, bb: body buccal, bl: body lingual. (b) 

= Measurement points in each patient. A total of 15 sites was between the teeth from the second molar of one side 

to the second molar of the opposite side. Measurements were made at 30 points [●] in the alveolar border and the 

mandibular body, resulting in 15 oblique sagittal images of DentaScan. [ab + al + bb + bl] ÷ 2 was calculated at 15 

points. The average of 15 points in each case was defined as the value of cortical bone width and used for 

comparison. 

 

Statistical analysis 

Statistical analyses were performed using R software (R Development Core Team, 2011). Interclass 

corelation was used to evaluate the interobserver reliability. Each factor was expressed as mean and standard 

deviation (SD). ANOVA and a Turkey’s test to compare the 3 groups and unpaired t-test were performed. Data 

are presented as mean deviation. P < 0.05 was considered statistically significant. 

 

RESULTS 

Patients’ characteristics are summarized in Table I. 

Table I. Patients’ characteristics. 

 MRONJ 

(N = 15) 

Non-MRONJ 

(N = 15) 

Control 

(N = 15) 

P-value 

Average age (SD) 73.7 ± 7.8 73.3 ± 10.4 72.8 ± 5.9 NS 

Gender (male/female) 3/12 3/12 3/12  

Primary disease  

Osteoporosis 9 11   

Breast cancer 3 1   

Lung cancer 2 2   

Prostate cancer 1 -   

Rheumatoid arthritis - 1   

Medication  

Bisphosphonate  Oral     

Alendronate 5 8   

Risedronate 4 3   

Minodronate - 1   

Intravenous     

Zoledronate 4 3   

Denosumab 1 -   

Denosumab and zoledronate 1 -   
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Administration duration (months)  

Average (SD)   

Bisphosphonate Oral 20.4 ± 14.2 35.7 ± 34.4  NS 

Intravenous 18 ± 11.3 31.0 ± 1.6  NS 

Denosumab 3 -   

Denosumab and zoledronate 15 -   

Administration period (No. of patients)  

< 3 years 11 12   

≥ 3 years 4 3   

MRONJ site (No. of patients)  

Anterior mandible 5    

Posterior mandible 10    

MRONJ stage (No. of patients)  

0 2    

1 3    

2 6    

3 4    

MRONJ = medication-related osteonecrosis of the jaw. ANOVA to compare 3 groups and unpaired t-test to compare 2 

groups were performed. Data are presented as mean and standard deviation. P < 0.05 was considered statistically significant. 

 

There was no significant differences between the values calculated by observer 1 and 2 (95 % CI 

-0.0099–0.79 in MRPNJ group, 95 % CI -0.024–0.69 in non-MRONJ group, and 95 % CI -0.11–0.7 in control 

group, respectively). The average cortical bone widths calculated by observer 1 were 4.98 (1.37) mm in patients 

with MRONJ, 3.91 (0.37) mm in the non-MRONJ group, and 3.81 (0.5) mm in controls. The average cortical 

bone widths calculated by observer 2 were 6.54 (2.92) mm in patients with MRONJ, 4.06 (0.74) mm in the 

non-MRONJ group, and 4.3 (1.03) mm in controls. There were significant differences in cortical bone width 

were found among the MRONJ, non-MRONJ, and control groups in observer 1 (P < 0.001) and observer 2 (P < 

0.001), specifically comparing the MRONJ group with the non-MRONJ group (P = 0.004), and between the 

MRONJ group and the control group (P = 0.002) in observer 1, and comparing the MRONJ group with the 

non-MRONJ group (P = 0.002), and between the MRONJ group and the control group (P = 0.005) in observer 2. 

No significant difference was found between the non-MRONJ group and the control group both in observer 1 (P 

= 0.949) and 2 (P = 0.932) (Figure 2). The values of interclass correlation coefficient were 0.48 in the MRONJ 

group, 0.29 in the Non-MRONJ group, and 0.34 in control group. 

 
 

DISCUSSION 

There are numerous studies about the imaging in diagnosis of MRONJ, however, in spite of its importance, 

there are few studies showing the actual value of the interclass correlation coefficient, as far as we know. 

Figure 2.  

Comparison of cortical bone width among the 

3 groups. Significant differences were found 

among the 3 groups. For individual group 

comparisons, significant differences were 

found between MRONJ and non-MRONJ, 

and between MRONJ and control. These 

results were consistent among the 2 

observers. MRONJ 1, Non-MRONJ 1, and 

Control 1 were measured by observer 1. 

MRONJ 2, Non-MRONJ 2, and Control 2 

were measured by observer 2. *Statistically 

significant at the level P < 0.05, Turkey’s test. 
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Therefore, we assessed the interobserver reliability of cortical bone width measurement. This study indicates that 

cortical bone width measurement is useful to distinguish MRONJ from normal bone, because there was a 

significant difference in cortical bone width between MRONJ and non-MRONJ, and between MRONJ and 

control, and these results were consistent among the 2 observers. In contrast, we found the low interobserver 

reliability between 2 observers. Therefore, the determination of cutoff value of cortical bone width measured 

with DentaScan is difficult. 

A previous study reported that cortical bone width did not reflect the progression of MRONJ staging [8]. It is 

known that osteosclerosis occurs in the early stages of MRONJ. Hutchison et al. reported that radiologic features 

of regional or diffuse osteosclerosis with extension beyond the involved site were observed even in stage 0 

MRONJ [9]. In this study, the significant difference between Stage 0 – 1 and Stage 2 – 3 was found only in 

observer 1, but not observer 2 (data not shown). It is considered that the diagnosis of Stage 0 – 1 MRONJ by 

measuring cortical bone width is difficult. Moreover, we note that the significant differences between 

non-MRONJ and control were not found in this study. This result indicates that the increase of cortical bone 

width in this study was not due to pharmacological effect of antiresorptive agents. 

Although the radiological features of MRONJ were so diverse, osteosclerosis is one of notable findings of 

MRONJ [4]. Bedogni et al. proposed a staging system for MRONJ, in which non-specific CT findings associated 

with MRONJ were divided into early and late signs [3]. Early signs included cortical disruption and focal bone 

marrow sclerosis, and late ones diffuse osteosclerosis and osteosclerosis of adjacent bones (zygoma and hard 

palate) [3]. They proposed the following clinical and CT MRONJ staging system: Stage 1 is focal MRONJ, with 

increased bone density limited to the affected region; Stage 2 is diffuse MRONJ, with diffuse osteosclerosis; and 

Stage 3 is complicated MRONJ, with osteosclerosis of adjacent bones [3]. The loss of contrast definition 

between the endosteal cortex and the subjacent medullary bone (i.e., poor corticomedullary bone marrow 

differentiation) is also a notable CT finding with MRONJ [9, 16]. Osteolytic change is another notable CT 

finding in bone diseases such as osteomyelitis [18]. For example, in osteomyelitis caused by bacterial infection 

(i.e., non-diffuse sclerosing osteomyelitis), bone resorption occurs as a result of the inflammatory reaction, and 

bone formation (sclerotic changes) occurs around the site of bone resorption as a reactive change [18]. In 

contrast, osteolytic areas are scattered randomly in the sclerotic area in diffuse sclerosing osteomyelitis [18]. In 

MRONJ, bone alterations vary greatly in exposed and unexposed areas. A previous histological study revealed 

that the exposed areas show the features of an osteonecrotic process, whereas the unexposed areas resemble an 

osteomyelitic process [2]. Cortical bone width probably reflects complex alterations including not only 

osteosclerosis but also osteolysis. Therefore, it is difficult to achieve high interobserver reliability. 

 

CONCLUSIONS 

Cortical bone width measurement is useful for the distinction between medication-related osteonecrosis of 

the jaw and normal bone, in spite of the low interobserver reliability. 
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