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Ab s t r ac t​
Aim: This study aimed to assess the correlation between cortical and mandibular trabeculae quality with beta-crosslaps (β-CTx) levels in 
postmenopausal women.
Materials and methods: This study analyzed both sites of cortical and trabecular mandibular below mental foramen obtained from 17 cone-
beam computed tomography (CBCT) radiographs of postmenopausal women. The cortical parameters measured consisted of computed 
tomography index superior (CTI-S), computed tomography index inferior (CTI-I), and computed tomography mental index (CTMI); while the 
trabecular parameters consisted of bone volume fraction (BV/TV), trabecular thickness (Tb.Th), and trabecular space (Tb.Sp). The β-CTx level 
was examined, and then the results were correlated with the three parameters, each from both cortical and trabecular bones.
Results: Both trabecular (r = 0.477; p = 0.049) and cortical (r = 0.411; p = 0.038) parameters had positive and significant correlations (p < 0.05) 
toward the β-CTx levels.
Conclusion: Cone-beam computed tomography was able to assess cortical bone and mandibular trabeculae quality, which was correlated with 
the β-CTx level of postmenopausal women.
Clinical significance: This study can be used as a consideration in detecting the decreased quality of the trabecular and cortical mandibular 
bones in postmenopausal women using CBCT and the β-CTx level before the severity occur.
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In t r o d u c t i o n​
Osteoporosis is characterized by a decrease in bone density and 
quality resulting in a tendency for bone fracture. Women’s risk of 
osteoporotic fractures is higher than that of men associated with 
bone loss along with age.1 Women have a higher risk of osteoporosis 
than men, due to an increase in the estrogen hormone. The 
estrogen hormone in women will protect bone from losing its mass, 
and after menopause, there will be an increase in bone resorption, 
which causes postmenopausal osteoporosis.2

The dental radiograph was considered to become an alternative 
tool to assess bone quality by utilizing both conventional 
radiographic techniques and three-dimensional radiography using 
cone-beam computed tomography (CBCT).3,4 The advantages of 
using dental radiography include affordable costs and can be widely 
used in the population.3

Depletion of the mandibular cortical bone occurs in patients 
with osteoporosis; thus, a method for evaluating the mandibular 
cortical bone was developed in the mental foramen area. Koh and 
Kim5 examined cortical parameters using CBCT as a modification of 
the Ledgerton classification, namely computed tomography index 
superior (CTI-S), computed tomography index inferior (CTI-I), and 
the computed tomography mental index (CTMI). These parameters 
can be used for assessment of cortical quality in osteoporotic 
female patients.

Most fractures occur in the trabecular bone, so it is important 
to measure the trabecular bone structure as well.6 Evaluation of the 
bone microstructure parameter analysis through the trabeculae is 
essential to predict bone strength and fracture risk.7 One imaging 

modality for analyzing the microstructural trabecular bone is CBCT, 
which has a positive correlation with microcomputed tomography 
(μCT) in trabecular analysis parameters consist of trabecular 
separation (Tb.Sp), trabecular thickness (Tb.Th), and total bone 
volume (BV/TV). Total bone volume parameters were measured by 
dividing voxels, which were classified as a bone with total voxels 
captured in one volume data.8

In addition to the radiographic examination, clinical bone 
quality evaluation could be examined by Beta-crosslaps (β-CTx) 
levels. The levels of β-CTx are the bone-specific type I collagen that 
describes the bone resorption process directly.9 The purpose of this 
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study was to analyze the relationship of the β-CTx levels along with 
mandibular bone quality of postmenopausal women using CBCT.

Mat e r ia  l s a n d Me t h o d s​
Cone-beam computed tomography radiographs were obtained 
from postmenopausal women aged 50–84 years old who attended 
dental treatment at Universitas Padjadjaran Dental Hospital. This 
study included both sides of the mandible as the region of interest 
(ROI); thus, there was a total of 34 ROI samples from 17 subjects. 
The inclusion criteria were healthy postmenopausal women with 
no systemic diseases related to bone metabolism. Any criteria of 
oral disease such as infection, cyst, tumor, or fibro-osseous lesions 
were excluded either. This research was approved by the ethics 
committee of Universitas Padjadjaran. An informed consent was 
obtained from patients who agreed to be included in this study. 
After a CBCT examination (Picasso-Trio E-Woo Technology, Republic 
of South Korea), blood samples were taken the next day as they had 
to fast for 12 hours prior to the β-CTx blood collection.

Three milliliters of blood was gathered from fasting subjects 
and stored in the vacutainer tube before centrifugated. A total 
of 50 μL of serum was taken after blood was centrifuged for 15 
minutes at 3,000 rpm. Blood serum was stored in cup samples 
at 2–8°C before analysis.10 Samples were analyzed no more 
than 3 days after sampling. The β-CTx level was analyzed using 
electrochemiluminescence immunoassay (ECLIA) with the Elecsys 
2010 (Roche Diagnostic, USA) based on the manufacturer’s 
preferences and laboratory quality-control procedures.

Trabecular Quality Assessment
In the axial view, the axis was directed so that the mental foramen 
could be seen in the coronal view, as shown in Fig. 1D. A square-
shaped ROI sized 3 × 3 mm was placed in the trabecular area inferior 
to the mental foramen. That ROI was analyzed using the BoneJ 
software (version 1.4.2, National Institutes of Health, Bethesda, 
USA) with features of bone fraction and thickness. The percentage 
of bone mass (BV/TV), trabecular thickness (Tb.Th), and the distance 
between trabeculae (Tb.Sp) were analyzed as trabecular quality.

Cortical Quality Assessment
Mandibular cortical parameters were analyzed in the same field  
of view as the trabecular, which was from a coronal view (Figs 1A–C).  

Cortical parameters analyzed were “CTI-S,” “CTI-I,” and “CTMI,” 
using the method from Koh and Kim.5 Computed tomography 
mandibular index superior (CTI-S) was the ratio of cortical width 
(W) to the distance of the superior margin of the mental foramen 
to the inferior border of the mandible (S). Computed tomography 
mandibular index inferior (CTI-I) was a ratio of cortical width (W) 
to the distance of the inferior margin of the mental foramen 
to the inferior border of the mandible (I). The computed 
tomography mental index (CTMI) was the width of the inferior 
mandibular border (W); each calculated with equations below:

CTI-S = W/S
CTI-I = W/I
CTMI = W

Re s u lts​
A descriptive data of the β-Ctx level, trabecular parameters, and 
cortical parameters are shown in Tables 1 and 2. Subjects were 
divided into three age groups to facilitate the presentation of 
descriptive data. The group range was 55–64 y/o, 65–74 y/o, 
and 75–84 y/o while the sample size was 10, 3, and 4 people,  
respectively.

The highest levels of β-Ctx, Tb.Th, and Tb.Sp were found in the 
65–74 years old age group, with respective values of 0.525, 1.137, 
and 0.996. The highest percentage of BV/TV was 0.426, which was 
found in the age group 75–84 years old, as seen in Table 1. In a 
study conducted by Monje et al.,11 the mean normal values of 
posterior mandibular trabecular parameters among adult women 
in Shanghai were 0.400, 0.300, and 0.370 for BV/TV, Tb.Th, and Tb.Sp 
values, respectively.

Based on Table 2, the age group of 75–84 years old has the 
highest average of CTI-I, CTI-S, and CTMI, with the values of 0.235, 
0.271, and 3.467, respectively. The average normal values of CTI-I, 
CTI-S, and CTMI were 0.250, 0.210, and 3.220, respectively according 
to a study on postmenopausal women in South Korea.5

The trabecular parameters consisted of BV/TV, Tb.Th, and Tb.Sp 
was correlated positively (r = 0.477) to the level of β-Ctx, as well 
as the cortical parameters (r = 0.411), consisted of CTI-S, CTI-I, and 
CTMI. Trabecular and cortical parameters measured using CBCT 
showed a positive and significant correlation (p < 0.05) related to 
β-Ctx levels in postmenopausal women (Table 3).

Figs 1A to D: The mental foramen region observed from the coronal view: (A) Distance from the superior mental foramen to the inferior border 
of the mandibular cortical; (B) Distance from the inferior mental foramen to the inferior border of the mandibular cortical; (C) Mandibular cortical 
thickness measured; (D) The region of interest sized 3 × 3 mm between the mental foramen and the mandibular cortical
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Di s c u s s i o n​
This study used CBCT as a noninvasive technique for assessing 
bone quality through the three-dimensional shape of the bone, 
bone density, and the microstructural analysis correlated with 
β-CTx levels in postmenopausal women. This clinical parameter 
was used because it is the first bone turnover marker (BTM) in 
the serum, which is easily examined using automatic tools and 
does not require additional creatinine examination.10 Beta-CTx 
was not degraded in the blood or excreted by the kidneys so that 
CTx directly reflects bone matrix collagen degradation, which 
associated to bone resorption histomorphometric parameters.12,13 
Postmenopausal women tend to have a reduction of low bone 
mass related to osteoporosis. This silent disease would not present 
its symptoms until severity occurs, leading to fracture, disability, 
and even mortality.14 Therefore, a dental radiograph is considered 
to become a common diagnostic tool to predict bone quality 
reduction. By detecting these bone structure alterations, the dentist 
could refer postmenopausal patients for further examination before 
the severity occurs.15 Trabecular parameter assessment using CBCT 
could also estimate bone density prior to implant placement. Bone 
density was related to the implant success since most of dental 
implant failures occurred in bone with low density.16

Various methods can be applied to assess bone quality 
using dental radiography. Bone density could be assessed from 
a periapical radiograph and aluminum step wedge. Amam and 
Rustom17 found that mandibular alveolar bone density had a 
significant correlation with bone mineral density (BMD) of the 
lumbar spine and the femoral neck in osteoporosis.17 The dental 
radiograph image analysis of fractal dimension could depict bone 

quality and its increase showing reduced BMD in osteoporosis 
patients.14

In this study, the β-CTx levels of postmenopausal women in 
65–74 years old and 75–84 years old groups were 0.585 and 0.480 
ng/mL, respectively. Beta-CTx as the marker of bone resorption 
decrease with age, then increase sharply in women over 50 years old 
and begin to decline again in women over the age of 70.12 In a study 
conducted by Halimah et al. in Indonesia, the means of the β-CTx 
level in normal, osteopenia, and osteoporotic postmenopausal 
women were 0.303, 0.454, and 0.558 ng/mL, respectively.10 
Meanwhile, in Australia, the interval of the β-CTx level for women 
aged 50 and above was 0.1–0.7 ng/mL.13 Histomorphometric 
studies showed a decrease in bone resorption, bone formation, and 
cancellous bone volume (BV/TV) along with age. The BV/TV value 
in women experience a downward trend after 50 years, which is 
associated with the onset of menopause.13 Many factors influence 
the value of bone turnover markers to vary from country, including 
age, weight, physical activity, and gender.12,13

The measurement result of the mandibular cortical bone height 
with CBCT-3D radiographs correlates well with the measurement 
of the panoramic mandibular index (PMI) and the mental index 
(MI) on a panoramic radiograph.18 A study conducted by Koh and 
Kim5 showed that there was a significant correlation of CTI (S) 
measurement with CTI (I) on CBCT-3D radiographs in an assessment 
of osteoporotic women. Research conducted by Mostafa et al.19 also 
showed a significant correlation in the MI and PMI on panoramic 
radiographs. In this study, cortical parameters had a significant 
positive correlation toward the β-CTx level. Mandible cortical 
assessment is not only done quantitatively but also qualitatively 
through a panoramic radiograph using Klemetti index (KI). The 
cortical sharpness is divided into three visual scales, which range 
from clear to porous cortical border.15

A study conducted by Azhari et al.20 showed that there was 
a significant correlation between the mandibular cortical bone 
height and β-CTx levels using a panoramic radiograph to assess 
osteoporosis. Abnormalities of the bone remodeling process can 
result in changes of the bone formation and resorption, where bone 
resorption was characterized by the β-CTx levels.20

In the trabecular section, three parameters consisted of BV/TV, 
Tb.Th, and Tb.Sp had a significant correlation with the β-CTx level. 

Table 1: Descriptive data of the β-Ctx level with trabecular parameters BV/TV, Tb.Th., and Tb.Sp based on the age group

Age n

β-CTx (ng/mL) BV/TV (%) Tb.Th (mm) Tb.Sp (mm)

Mean SD Mean SD Mean SD Mean SD
55–64 10 0.461 0.198 0.406 0.082 1.122 0.334 0.847 0.280
65–74 3 0.525 0.010 0.408 0.122 1.137 0.210 0.996 0.331
75–84 4 0.480 0.197 0.426 0.048 1.105 0.125 0.946 0.150

BV/TV, bone volume/tissue volume; Tb.Th, trabecular thickness; Tb.Sp, trabecular separation; SD, standard deviation

Table 2: Descriptive data of the β-Ctx level with cortical parameters CTI (S), CTI (I), and CTMI based on the age group

β-CTx (ng/mL) CTI (S) (mm) CTI (I) (mm) CTMI (mm)

Age n Mean SD Mean SD Mean SD Mean SD
55–64 10 0.461 0.198 0.212 0.041 0.244 0.046 3.186 0.599
65–74 3 0.525 0.010 0.204 0.138 0.240 0.150 3.050 2.264
75–84 4 0.480 0.197 0.235 0.013 0.271 0.013 3.467 0.344

CTI-S, computed tomography index superior; CTI-I, computed tomography index inferior; CTMI, computed tomography mental index; SD, standard 
deviation

Table 3: Results of the correlation analysis between levels of β-Ctx with 
each cortical and trabecular parameter

Parameter R R square p value 
β-CTx and trabecular parameter  
(BV/TV, Tb.Th., Tb.Sp.)

0.477 0.227 0.049a

β-CTx and cortical parameter (CTI-S, 
CTI-I and CTMI)

0.411 0.169 0.038a

ap < 0.05
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These results indicated that analyzing bone quality using CBCT 
in association with the value of β-CTx requires a combination of 
these three microstructural parameters. According to Vasikaran  
et al.,21 the BV/TV and Tb.Th showed the bone density value, ​while 
the Tb.Sp was contrasted with bone density parameters; thus, 
changes in the bone mass were affected by the balance between 
bone resorption and formation which decreased with age. The 
increasing value of Tb.Sp indirectly indicated an imbalance between 
bone resorption and formation, which was the resorption speed 
was to be higher than the bone formation speed and contributed 
to the loss of bone mass.10,22 Besides osteoporosis, CBCT could assist 
the assessment of the trabecular parameter in patients with bone-
related diseases, such as osteonecrosis and temporomandibular 
joint osteoarthritis.23,24

The limitation of this study includes a small sample size. Besides, 
software tools only could display the slices of image CBCT where 
the cortical and trabecular parameters were measured. A better 
software to extract trabecular structures from CBCT and correlation 
between the parameters with other bone turnover markers might 
be done in the future.

Co n c lu s i o n​
Mandibular cortical and trabecular parameters on CBCT radiographs 
correlated with the β-CTx level in postmenopausal women. CBCT-3D 
radiographs had high accuracy and resolution, thus can be used 
to detect the mandibular cortical bone height. The β-CTx level 
is a biomarker of bone resorption, which depicted bone quality 
decrease in postmenopausal women. Cone-beam computed 
tomography can be used to assess the quality of the cortical bone 
and the mandibular trabeculae associated with the β-CTx level in 
postmenopausal women as early detection of decreasing bone 
quality.
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