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A BSTRACT
Purpose: To clarify the relationship between aging and cortical bone density of mandible with Cone-beam CT (CBCT).
Materials and methods: We reviewed the CBCT imaging of 202 patients who were examined in mandibular region by CBCT.
The patients were classified into 2 categories: young group (≤ 50 years; 51 male and 73 female) and elderly group (> 50 years;
22 male and 56 female). The relationship between aging and mandibular cortical bone radiographic density as gray values with
CBCT was analyzed using Pearson’s rank correlation test. Regarding age groups, mandibular cortical bone radiographic density
using CBCT was analyzed with ANOVA with Tukey’s HSD test.
Results: Cortical bone radiographic density in female using CBCT was significantly correlated to age (Y = −6.741X +
1, 946, R2 = 0.351, p = .000). Furthermore, the cortical bone radiographic density in young female (1, 754 ± 144) was
significantly higher than that in young male (1, 554 ± 164, p = .000), elderly male (1, 533 ± 115, p = .000) and elderly female
(1, 484 ± 228, p = .000).
Conclusions: We confirmed the changes of cortical bone of mandible with age in female using CBCT. Furthermore, the evaluation
of mandibular cortical bone using CBCT should be useful for predict factor of decreased bone mineral density.
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1. I NTRODUCTION
Bone mass loss and high risk of pathological fractures are
the major symptoms of osteoporosis.[1] The medical community need the developing accurate early diagnostic methods,
because no signs of the osteoporosis are clear until a pathological fracture happens.[2] Characteristic of osteoporosis
reduced the bone strength that mirrors the integration of both
bone mineral density (BMD).[3] Furthermore, dual X-ray
absorptiometry (DXA) is considered the gold standard of

quantification for BMD.[4]
Several studies have investigated mandibular radiomorphomertic indices with panoramic radiography as predict
factors for osteoporosis, such as mental foramen index (MI),
mandibular cortical index (MCI) and panoramic mandibular
index (PMI).[5] These indices should be useful for predict
factors of decreased BMD.[6]
Cone-beam CT (CBCT) is a comparatively new modality
by offering accurate anatomical information by three dimen-
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sions at diagnosis and treatment planning.[7] Recently, 3D
image datasets obtained from CBCT have been applied to
investigating the potential osteoporosis prediction from the
mandible, such as mandibular CBCT radiomorphomertic indices,[8–10] radiographic density,[11] and CT values.[12] However, it remains unclear whether age correlates with mandibular cortical bone radiographic density using CBCT. Here we
report the result of investigation into the relationship between
aging and mandibular cortical bone density with CBCT.
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bone pathology was excluded in this study. These patients
were classified into 2 age categories: young group (≤ 50
years); 51 men (mean 27.6 years, range 13-50 years) and
73 women (mean 30.0 years, range 11-50 years) and elderly
group (> 50 years; 22 men (mean 63.8 years, range 53-74
years) and 56 women (mean 66.3 years, range 51-82 years).
All patients offered written informed consent. Furthermore,
the ethics committee of our institution approved this study.

The images were acquired with a CBCT using our protocol.[13, 14] We used regions of interest (ROI) to calculate the
2. M ATERIALS AND METHODS
mandibular cortical bone radiographic density as gray values
Between April 2016 and September 2017, 202 patients (73
on the CBCT device. We placed three ROIs within the cortimen and 129 women, mean 43.2 years, range 11-82 years)
cal bone of lower border of mental foramen to obtain a mean
were examined in mandibular region with CBCT at our uniradiographic density (see Figure 1).
versity hospital. The patients with medical history about

Figure 1. Measurement of the mandibular cortical bone radiographic density with CBCT

The relationship between aging and mandibular cortical bone
radiographic density with CBCT was analyzed using Pearson’s rank correlation test and the coefficient of determination (R2 ). Regarding the age groups, mandibular cortical
bone radiographic density with CBCT was analyzed using
ANOVA with Tukey’s HSD test. We analyzed using the IBM
SPSS Statistics statistical package (version 24, IBM Japan,
Tokyo, Japan). A p value less than .05 was considered to
indicate statistically significant difference.
24

3. R ESULTS
Figures 2 and 3 show the relationship between aging and cortical bone radiographic density of mandible using CBCT.
Cortical bone radiographic density in male using CBCT
was not significantly correlated to age (Y = −0.929X +
1584, R2 = 0.013, p = .343). On the other hand, cortical
bone radiographic density in female using CBCT was significantly correlated to age (Y = −6.741X + 1946, R2 =
0.351, p = .000).
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Figure 2. Scatter plot shows the relationship between aging and mandibular cortical bone radiographic density in male
using CBCT

Figure 3. Scatter plot shows the relationship between aging and mandibular cortical bone radiographic density in female
using CBCT
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Table 1 shows the changes of mandibular cortical bone with
age using CBCT. The cortical bone radiographic density in
young female (1754 ± 144) was significantly higher than
that in young male (1554 ± 164, p = .000), elderly male
(1533±115, p = 0.000) and elderly female (1484±228, p =
.000).
Table 1. Changes of mandibular cortical bone radiographic
density with age using cone-beam computed tomography
Age groups
(Mean ± SD)
Elderly female
(66.3 ± 7.3 years)
Elderly male
(63.8 ± 6.4 years)
Young male
(27.6 ± 7.7 years)
Young female
(30.0 ± 9.7 years)

Cases

Mean ± SD

Range

p

56

1,484 ± 228

1,022～1,971

.000

22

1,533 ± 115

1,334～1,762

.000

51

1,554 ± 164

1,084～1,908

.000

73

1,754 ± 144

1,387～2,027

--

Note. SD, standard deviation
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accuracy from the radiographic density value of the mandibular body with CBCT. Güngör et al.[12] showed that Osteoporosis caused significant changes in radiomorphometric indexes, CT values, histogram analysis and fractal dimension measurements in the jaw bones. In this study,
we have shown that the cortical bone radiographic density
in female using CBCT was significantly correlated to age
(Y = −6.741X + 1, 946, R2 = 0.351, p = .000). Furthermore, the cortical bone radiographic density in young
female (1, 754 ± 1, 44) was significantly higher than that in
young male (1, 554±164, p = 0.000), elderly male (1, 533±
115, p = .000) and elderly female (1, 484 ± 228, p = .000).
After approximately 30 years, decreasing bone mass happens with age, especially after menopause in female.[8] We
confirmed the changes of mandibular cortical bone with age
in female using CBCT, and consider that the evaluation of
mandibular cortical bone using CBCT should be useful for
predict factor of decreased bone mineral density.

4. D ISCUSSION
The CBCT technique for dental use provides 2D and 3D
images for the oral and maxillofacial regions with a comparatively low cost as compared to multidetector CT. The
radiation dose is equal to that of panoramic radiography for
the case of small FOV. For these reason, CBCT spread rapidly
in dentistry.[11] In recent years, 3D image datasets obtained
from CBCT have been applied to investigating the potential
osteoporosis prediction.[8–12] Therefore, we investigated the
changes of mandibular cortical bone with age using CBCT.

This study has several limitations. First, CBCT gray values
are regarded approximate values, and cannot be indicated
as Hounsfield Unit (HU).[15] However, CBCT are becoming
popular among the dentistry. It is now commonly utilized for
the assessment of bone quality primarily for pre-operative
implant planning. Therefore, we consider that evaluation of
mandibular cortical bone by CBCT gray values can be useful
in dentistry. Second, we did not evaluate the data regarding the medical history of the patients, such as osteoporosis.
Therefore, future studies should focus on relationship beRegarding correlation CBCT with osteoporosis, Koh et al.[8] tween medical history and the changes of cortical bone of
indicated that the differences between the normal and osteo- mandible are necessary.
porotic groups were significant in the CT mandibular index
and CT cortical index. Mostafa et al.[9] showed that CT men- 5. C ONCLUSIONS
tal index, CT mandibular index and CT cortical index scores We confirmed the changes of cortical bone of mandible with
were significant differences between the control and osteo- age in female using CBCT. Furthermore, the evaluation of
porotic groups. Brasileiro et al.[10] indicated that the mean mandibular cortical bone using CBCT should be useful for
values of CT index and CT mandibular index were lower predict factor of decreased bone mineral density.
in the osteoporosis group than in osteopenia and normal patients. Therefore, we consider that cortical bone density of ACKNOWLEDGEMENTS
mandible with CBCT should be utilized as predict factor of This work was supported by JSPS KAKENHI Grant Number
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osteoporosis.
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