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Abstract
Objectives: This study aimed to evaluate mandibular cortical index and texture analysis parameters 
derived from CBCT in women of different age groups and to explore their correlation. 

Methods: A retrospective observational study was conducted on CBCT scans of 66 women, divided 
into two groups: Group A (32–50 years, n = 33) and Group B (51–76 years, n = 33). Computed 
Tomography Mandibular Index (CTMI) were measured at the mental foramen region, and texture 
analysis was performed using the gray-level co-occurrence matrix (GLCM) to extract eleven 
parameters. Statistical analyses included Student’s t-test, Mann–Whitney U test, and Pearson/
Spearman correlation coefficients. 

Results: The mean CTMI was 4.10 mm in Group A and 3.25 mm in Group B, indicating greater 
susceptibility to low BMD in group B. Group A exhibited higher AngScMom and InvDiffMom 
values, reflecting greater uniformity and homogeneity of trabecular structure. Group B showed 
higher Contrast, SumOfSqs, SumEntrp, Entropy, DifVarnc, and DifEntrp values, indicating 
increased variance, dispersion, and disorganization of gray-level intensities. Positive correlations 
were observed between CTMI and AngScMom and InvDiffMom, while negative correlations were 
found with Contrast, SumOfSqs, SumVarnc, SumEntrp, Entropy, DifVarnc, and DifEntrp. Patients 
with cortical bone thickness below 3 mm, indicative of osteoporosis, exhibited higher SumOfSqs 
and SumVarnc. 

Conclusions: Computed Tomography Mandibular Index and texture analysis parameters are 
associated with bone mineral density and may serve as valuable, low-cost, and low-radiation 
screening tools.
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Introduction 

Osteoporosis is defined as low bone mineral density characterized by altered microstructure, 
with a consequent increase in bone fragility and susceptibility to fracture [1, 2]. Bone loss has an 
early onset and is more pronounced in women [3] due to estrogen deficiency [4]. Bone mineral 
density (BMD) measurement by dual-energy x-ray absorptiometry (DXA) is the standard tool to 
assess the condition [5]. According to World Health Organization (WHO) [6], a T-score of -1.0 
or higher is normal, a T-score between -1.0 and -2.5 is osteopenia, and a T-score of less than -2.5 
indicates osteoporosis.

However, DXA remains costly and not widely accessible [7]. Alternative methods for screening 
patients with osteoporosis have been [8]. Pachêco-Pereira et al. (2019) [9], through a systematic 
review, investigated the use of dental imaging techniques to analyze trabecular bone structure 
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and identify systemic disorders, and found them to be useful for 
osteoporosis assessment. The mandibular cortical index (MCI) 
analyzed by panoramic radiography, for example, correlates with 
skeletal BMD measured by dual X-ray absorptiometry [10].

Cone-beam computed tomography (CBCT) is widely used 
for the qualitative and quantitative assessment of bone, providing 
dimensional accuracy, spatial resolution, grayscale values, and 
contrast [11]. CBCT images provide better visibility than panoramic 
radiographs and can be used to investigate mandibular indices 
[12]. Recent studies have shown that CBCT has great potential for 
analyzing osteoporosis due to the visibility of the MCI along its entire 
length [13], measurement of morphometric indices, radiographic 
density, and assessment of trabecular microstructure [7, 8].

A three-dimensional image is composed of voxels. Each voxel 
is represented by a set of coordinates with a specific value, which 
represents the gray level of the image [14]. Texture analysis (TA) is 
an image processing method that evaluates the heterogeneity of gray 
levels and spatial organization of the voxels in CBCT images [15, 
16]. By analyzing texture parameters, it is possible to characterize 
and differentiate tissues, medullary bone changes [17], and bone 
microarchitecture [18]. Texture features are intrinsic image properties, 
including brightness, color, and size, which can be analyzed in terms 
of smoothness, roughness, regularity, or linearity [16]. 

Texture analysis (TA) was applied to head computed tomography 
(CT) and showed potential utility for osteoporosis diagnosis [19]. TA 
has also been used to evaluate changes in osteonecrotic bone pattern 
[18], dental implant stability [15], mandibular condyle analysis 
[16,17], and detection of furcal lesions [20]. 

Although several studies have explored the use of CBCT and 
panoramic radiographs to assess mandibular cortical indices and 
bone quality, no previous research has directly correlated gray-level 
co-occurrence matrix (GLCM), derived texture parameters from 
CBCT images with the Computed Tomography Mandibular Index 
(CTMI) in postmenopausal women. This correlation is particularly 
relevant because both measurements provide complementary 
information: CTMI reflects cortical bone thickness, while GLCM 
texture parameters describe trabecular organization and gray-
level homogeneity. Establishing this relationship may enhance the 
diagnostic capability of CBCT as a non-invasive tool for detecting 
early microarchitectural alterations associated with reduced bone 
mineral density.

Therefore, this study aimed to evaluate the CTMI and TA 
parameters in women of different age groups, and to investigate their 
possible correlation as indicators of bone condition.

Materials and Methods
Patients

Ethical approval was obtained under protocol number 
35869714.5.0000.5149. A retrospective observational study was 
conducted using CBCT images of women aged 32 to 50 years (G1: 
n = 33) and 51 to 76 years (G2: n = 33). The following factors were 
considered: age range at two levels - CBCT images of women aged 30 
to 50 years and those aged 51 years or older (independent variable); 
cortical thickness and the texture analysis parameters (dependent 
variables).

Image acquisition
All CBCT scans were performed using an OP 300 Maxio cone-

beam computed tomography unit (Instrumentarium Dental, Type 
BLD-NGEO-M, Serial No. IE1503469B, Tuusula, Finland) with a field 
of view (FOV) of 13 × 15 cm and a voxel size of 0.32 mm. CBCT scans 
of patients under 18 years of age and with poor image quality were 
excluded. Images containing filling materials or implants near the 
analyzed region were discarded due to the potential for interference 
with texture analysis. 

The sample comprised a total of 66 female patients aged 32 to 76 
years. The scans were divided into two groups: Group A – patients 
aged 32 to 50 years (n = 33); and Group B – patients aged 51 to 76 
years (n = 33).

Image processing and analysis
All images were exported in Digital Imaging and Communications 

in Medicine (DICOM) format to OnDemand3D software (Cybermed 
Inc., Seoul, South Korea). The same window settings (brightness and 
contrast) were applied to the multiplanar reconstruction images to 
establish a uniform standard for all scans. 

Mandibular cortical index
The morphometric measurements were performed by a 

dentomaxillofacial radiologist with more than five years of experience. 
For the quantitative evaluation, the axial and coronal CBCT images 
of the mandible were positioned at the central region of the mental 
foramen. The indices were evaluated according to the study by 
Brasileiro et al. (2017) [8], as follows:

•	 CTMI: Computed Tomography Mandibular Index, defined 
as the inferior cortical width of the mandible (Figure 1A).

•	 CTI (S): Computed Tomography Index (Superior), defined 
as the ratio of the inferior cortical width to the distance from the 
superior margin of the mental foramen to the inferior border of the 
mandible (Figure 1B).

Figure 1: Tomographic images in the coronal plane showing the reference lines used for measurements: (A) CTMI; (B) CTI (S); and (C) CTI (I).
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•	 CTI (I): Computed Tomography Index (Inferior), defined 
as the ratio of the inferior cortical width to the distance from the 
inferior margin of the mental foramen to the inferior border of the 
mandible (Figure 1C).

Texture analysis
Texture analysis provides an objective and quantitative evaluation 

of the distribution and relationships among the gray-level values in an 
image. It provides information about the spatial relationships between 
pixels within the region of interest (ROI), as defined by the operator. 
The GLCM tabulates the frequency of different combinations of pixel 
intensity values (gray levels) occurring in the image.Texture analysis 
was performed using a statistical approach through gray-level co-
occurrence matrix (GLCM) analysis. 

After accessing the image at the mental foramen region, three 
sequential 2D images with a thickness of 1 mm were generated. 
Three images were selected to create a segmented three-dimensional 
representation of the selected cortical area. These images were then 
converted to Bitmap format and transferred to MAZDA software, 
where the selected area was analyzed (Figure 2). Rectangular regions 
of interest (ROIs) measuring 1 mm were delineated and saved in 
bitmap format (.bmp) using OnDemand3D software (Cybermed 

Inc., Seoul, South Korea). MAZDA software (Mazda Research, 
Tokyo, Japan) was used to analyze the images in BMP format. The 
MaZda 4.60 software can make variations in the coordinates of the 
spatial relationship of the component elements of this matrix, thus 
determining the frequency of different information relating to the 
values of the analysed pixels [17].

Eleven texture parameters, as originally proposed by Haralick 
et al. (1973) [21], were used in this study, as follows: Angular 
Second Moment (ASM/AngScMom): measurement of image 
uniformity; Contrast: represents the amount of local variation in 
gray levels; Correlation (Correlat): linear dependency of gray levels 
between neighboring pixels; Sum of Squares (SumOfSqs): measures 
the dispersion of gray-level distribution relative to the mean; 
Inverse Difference Moment (IDM/InvDiffMom): measures image 
homogeneity (higher values indicate more uniformity); Sum Average 
(SumAverg): mean of the sum of gray levels in the GLCM; Sum 
Variance (SumVarnc): variance of the sum distribution of gray levels; 
Sum Entropy (SumEntrp): disorganization of the sum distribution 
of gray levels; Entropy: degree of disorder among pixels in the 
image; Difference Variance (DifVarnc): variance of the difference 
distribution of gray levels; and Difference Entropy (DifEntrp): 
disorder of the difference distribution of gray levels.

Figure 2: Tomographic images in the coronal plane. Texture parameter extraction performed using the MaZda software.

Figure 3: Tomographic images in the coronal plane. Regions of interest (ROIs) for pixel analysis. Pixels on the right side are shown in red (A), and those on the 
left side in green (B).
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After transferring the images to MAZDA software, the region of 
interest (ROI) was acquired for pixel analysis. In the images, pixels 
on the right side were represented in red (Figure 3A) and those on 
the left side in green (Figure 3B). Each patient underwent six texture 
analyses (three on the right side and three on the left side of the 
mental foramen region). The acquired area in the study ranged from 
215 to 343 pixels.

For pixel acquisition, the selection was performed across the 
entire inferior cortical region from the buccal to the lingual side, 
for subsequent extraction of texture parameters. After selecting the 
parameters, the analysis was conducted, and the data were tabulated 
in Microsoft Excel for statistical analysis.

Statistical analysis
An exploratory data analysis was performed by calculating 

descriptive statistics (mean, standard deviation, median, minimum, 
and maximum) and constructing graphs. Data normality was 
assessed using the Shapiro–Wilk test. Groups were compared using 
Student’s t-test for morphometric indices and the Mann–Whitney U 
test for texture analysis parameters. For comparisons between groups 
in texture analysis, p-values were adjusted using the false discovery 
rate (FDR) method. Pearson’s correlation coefficient was used to 
assess correlations between morphometric indices, while Spearman’s 
correlation coefficient was applied to evaluate the relationship 
between morphometric indices, texture analysis parameters, and 
age. A significance level of 5% was adopted. Statistical analyses were 
performed using R software, version 3.6.2 (Copyright © 2019, The R 
Foundation for Statistical Computing).

Results 

A total of 66 women aged 32 to 76 years participated in the study. 
These women were divided into two age groups: Group A, under 50 
years old, and Group B, over 51 years old. The mean age of Group 
A was 42.7 years and Group B was 62.4 years, as shown in Table 
1. This table also presents the comparison between the age groups 
regarding the morphometric indices. It is noted that the younger 
group exhibited higher values of CTMI (p-value < 0.001), CTI (S) 
(p-value < 0.001) and CTI (I) (p-value < 0.001).

Figure 4 shows the correlation between the morphometric indices 
evaluated: CTMI, CTI (S) and CTI (I). Correlation analysis was 
performed for the total sample of women as well as by age group. 
A strong correlation was observed between the CTMI, CTI (S) and 
CTI (I), both in the overall group and within each age group. The 
correlation coef Nficient ranges from –1 to 1, where values closer 
to either extreme indicate a stronger relationship between the two 
variables, whereas values closer to zero indicate a weaker linear 
correlation.

Texture analysis was evaluated in the directions S(1,0), S(0,1), 
S(1,1), S(1,-1), S(2,0), S(0,2), S(2,2), S(2,-2), S(3,0), S(0,3), S(3,3), 
and S(3,-3). Group A exhibited higher values of AngScMom and 
InvDfMom, whereas Group B showed higher values of Contrast, 
SumOfSqs, SumVarnc, SumEntrp, Entropy, DifVarnc, and DifEntrp, 
except for the directions S(3,0) and S(3,3). No statistically significant 
differences were observed between the groups for the Correlat and 
SumAverg parameters.

Variable

Group

p-valueA (n=33) B (n=33)

Mean (SD) Median [Min;Max] Mean (SD) Median [Min;Max]

Age (Years) 42,7 (5,24) 43,0 [32,0;50,0] 62,4 (6,44) 62,0 [51,0;76,0]

CTMI 4,10 (0,79) 4,10 [2,85;6,00] 3,25 (0,80) 3,20 [1,65;5,10] <0,001

CTI (S) 0,25 (0,05) 0,24 [0,18;0,40] 0,21 (0,05) 0,20 [0,10;0,30] <0,001

CTI (I) 0,31 (0,06) 0,30 [0,22;0,51] 0,26 (0,06) 0,25 [0,12;0,39] <0,001

Table 1: Comparison between groups regarding age, CTMI, CTI (S) and CTI (I) (Student’s t-test).

Source: Author.

Figure 4: Scatter plots and Pearson correlation coefficients between the measurements CTMI, CTI(S) and CTI(I).
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In the directions S(3,0) and S(3,3), Group A presented higher 
Correlat values. For these two directions, no significant differences 
were observed between the groups for the SumAverg parameter 
either. Table 2 presents the mean values for the texture analysis 
directions S(0,1) (vertical), S(1,0) (horizontal), S(1,1) (45° diagonal), 
S(1,-1) (135° diagonal), S(3,0) (horizontal with a distance of 3), and 
S(3,3) (45° diagonal with a distance of 3). The first four directions were 
selected because they correspond to the most commonly evaluated 
orientations in GLCM texture analyses reported in the literature. 
S(3,0) and S(3,3) were additionally included as they exhibited distinct 
values, allowing for the assessment of relevant variations at larger 
distances.

Regarding the correlation between the texture analysis parameters 
and the CTMI index, it can be inferred that in the directions S(1,0), 
S(0,1), S(1,1), S(1,-1), S(2,0), S(0,2), and S(0,3), a positive correlation 
was observed between AngScMom and InvDfMom and the CTMI 
index, while a negative correlation was found between Contrast, 
SumOfSqs, SumVarnc, SumEntrp, Entropy, DifVarnc, and DifEntrp 
and the CTMI index. This correlation was observed for the total group 
of women and for Group B. The correlation between the CTMI index 
and the texture analysis parameters was not significant in Group A.

In the directions S(2,2), S(3,0), and S(3,3), a positive correlation 
between Correlat and CTMI was also observed in the total group. 

Similarly, in the directions S(2,-2) and S(3,-3), a positive correlation 
between Correlat and CTMI was found in both the total group and 
Group B. Tables 3, 4, and 5 show the Spearman correlation coefficient 
of the CTMI measure with TA in the different directions for the 
overall group, Group A, and Group B, respectively.

Table 6 presents the comparison between two groups formed 
based on the cortical measure (CTMI< 3 and CTMI ≥ 3) regarding 
the texture analysis parameters in the S(1,0) direction, considering 
only age group B. It can be observed that the CTMI < 3 group shows 
lower AngScMom and InvDfMom, and higher Contrast, SumOfSqs, 
SumVarnc, SumEntrp, Entropy, DifVarnc, and DifEntrp, with p < 
0.001 for the SumOfSqs and SumVarnc parameters.

Discussion
The development of an efficient and cost-effective method for 

early detection of osteoporosis is essential [22]. Therefore, this study 
aimed to evaluate the Computed Tomography Mandibular Index 
and texture analysis in women of different age groups, and to assess 
their possible correlation. The mean age of group A was 42.7 years, 
and that of group B was 62.4 years. The mandibular cortical index 
was higher in group A than in group B. In the texture analysis, 
group A showed higher values of AngScMom (uniformity) and 
InvDfMom (homogeneity). A positive correlation was observed 

Table 2: Mean values of GLCM texture analysis in the directions S(0,1) (vertical), S(1,0) (horizontal), S(1,1) (45° diagonal), S(1,-1) (135° diagonal), S(3,0) (horizontal 
with a distance of 3), and S(3,3) (45° diagonal with a distance of 3), with values for Groups A and B, respectively.

Parameter S(0,1) 
Vertical A

S(0,1) 
Vertical B

S(1,0) 
Horizontal A

S(1,0) 
Horizontal B

S(1,1) 
Diagonal 

45° A

S(1,1) 
Diagonal 

45° B

S(1,-1) 
Diagonal 

135° A

S(1,-1) 
Diagonal 

135° B

S(3,0) 
Horizontal A

S(3,0) 
Horizontal B

S(3,3) 
Diagonal 

45° A

S(3,3) 
Diagonal 

45° B
AngScMom 0,04 ± 0,03** 0,02 ± 0,01** 0,04 ± 0,03* 0,02 ± 0,01* 0,04 ± 0,03** 0,02 ± 0,01** 0,04 ± 0,02* 0,02 ± 0,01* 0,03 ± 0,02* 0,02 ± 0,01* 0,03 ± 0,02** 0,02 ± 0,01**

InvDfMom 0,62 ± 0,10** 0,54 ± 0,07** 0,62 ± 0,12* 0,54 ± 0,07* 0,56 ± 0,11** 0,47 ± 0,07** 0,55 ± 0,11** 0,47 ± 0,07** 0,48 ± 0,10** 0,40 ± 0,07** 0,41 ± 0,10* 0,34 ± 0,07*

Contrast 1,77 ± 1,61** 2,79 ± 1,54** 2,05 ± 1,81* 2,74 ± 1,22* 2,80 ± 2,46** 4,38 ± 2,26** 2,78 ± 2,29** 4,20 ± 2,29** 4,48 ± 3,62** 8,01 ± 5,51** 6,67 ± 5,83** 12,0 ± 8,88**

SumOfSqs 7,27 ± 4,86* 10,6 ± 5,84* 7,20 ± 4,84* 10,6 ± 5,96* 7,17 ± 4,84* 10,5 ± 5,88* 7,13 ± 4,80* 10,5 ± 5,90* 6,42 ± 4,30** 10,0 ± 6,15** 6,43 ± 4,45** 9,91 ± 5,54**

SumVarnc 27,3 ± 18,2* 39,8 ± 22,4* 26,8 ± 17,9* 39,7 ± 23,2* 25,9 ± 17,3* 37,8 ± 22,1* 25,7 ± 17,3* 37,9 ± 22,2* 21,2 ± 14,1* 32,1 ± 20,8* 19,0 ± 12,7* 27,6 ± 16,6*

SumEntrp 1,23 ± 0,13* 1,32 ± 0,09* 1,23 ± 0,13* 1,32 ± 0,10* 1,22 ± 0,13* 1,30 ± 0,09* 1,22 ± 0,13* 1,30 ± 0,09* 1,18 ± 0,13* 1,27 ± 0,10* 1,14 ± 0,12* 1,22 ± 0,09*

Entropy 1,57 ± 0,24** 1,76 ± 0,15** 1,58 ± 0,26* 1,76 ± 0,15* 1,63 ± 0,25** 1,82 ± 0,15** 1,64 ± 0,24* 1,82 ± 0,15* 1,68 ± 0,23** 1,86 ± 0,16** 1,69 ± 0,23** 1,87 ± 0,15**

DifVarnc 0,82 ± 0,75** 1,26 ± 0,73** 0,95 ± 0,79* 1,22 ± 0,53* 1,22 ± 1,07** 1,91 ± 1,06** 1,22 ± 1,03* 1,82 ± 1,05* 1,93 ± 1,67** 3,44 ± 2,47** 2,34 ± 2,06** 4,70 ± 3,95**

DifEntrp 0,48 ± 0,11** 0,58 ± 0,08** 0,50 ± 0,13* 0,58 ± 0,08* 0,55 ± 0,13** 0,66 ± 0,08** 0,56 ± 0,12** 0,65 ± 0,09** 0,64 ± 0,13** 0,75 ± 0,11** 0,69 ± 0,13** 0,82 ± 0,11**

Correlat 0,87 ± 0,04 0,86 ± 0,05 0,86 ± 0,06 0,85 ± 0,06 0,80 ± 0,07 0,77 ± 0,08 0,79 ± 0,07 0,78 ± 0,08 0,65 ± 0,12° 0,58 ± 0,13° 0,49 ± 0,14° 0,39 ± 0,19°

SumAverg 59,3 ± 12,0 60,1 ± 9,72 59,3 ± 11,9 60,1 ± 9,75 59,3 ± 12,0 60,1 ± 9,74 59,3 ± 11,9 60,1 ± 9,75 59,1 ± 11,8 60,0 ± 9,76 59,0 ± 11,8 60,0 ± 9,75

** p < 0,001; * p < 0,01; ° p < 0,05; No symbol: p ≥ 0,05.

Table 3: Spearman correlation coefficient of the CTMI measure with TA in different directions – Overall Group.
Parameter S(1,0) S(0,1) S(1,1) S(1,-1) S(2,0) S(0,2) S(2,2) S(2,-2) S(3,0) S(0,3) S(3,3) S(3,-3) 

AngScMom 0,477* 0,470* 0,492* 0,487* 0,490* 0,458* 0,500* 0,474* 0,504* 0,438* 0,460* 0,444*

Contrast -0,463* -0,518* -0,520* -0,551* -0,523* -0,545* -0,555* -0,557* -0,548* -0,539* -0,549* -0,526*

Correlat 0,019 0,145 0,16 0,197 0,158 0,202 0,313* 0,353* 0,329* 0,2 0,305* 0,363*

SumOfSqs -0,497* -0,500* -0,502* -0,499* -0,499* -0,508* -0,510* -0,506* -0,509* -0,507* -0,516* -0,507*

InvDfMom 0,434* 0,509* 0,494* 0,523* 0,476* 0,512* 0,529* 0,545* 0,527* 0,478* 0,506* 0,463*

SumAverg -0,232 -0,23 -0,23 -0,232 -0,226 -0,232 -0,232 -0,228 -0,219 -0,236 -0,229 -0,218

SumVarnc -0,494* -0,498* -0,494* -0,484* -0,488* -0,486* -0,465* -0,442* -0,473* -0,468* -0,465* -0,423*

SumEntrp -0,449* -0,459* -0,476* -0,447* -0,447* -0,443* -0,459* -0,404* -0,432* -0,443* -0,438* -0,375*

Entropy -0,493* -0,505* -0,511* -0,519* -0,505* -0,511* -0,511* -0,501* -0,515* -0,484* -0,482* -0,459*

DifVarnc -0,458* -0,508* -0,518* -0,537* -0,510* -0,536* -0,578* -0,559* -0,535* -0,536* -0,568* -0,561*

DifEntrp -0,471* -0,513* -0,521* -0,542* -0,520* -0,537* -0,564* -0,561* -0,550* -0,536* -0,526* -0,539*

*Significant at the 5% level.
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between the AngScMom and InvDfMom parameters and the CTMI 
index, whereas Contrast, SumOfSqs, SumVarnc, SumEntrp, Entropy, 
DifVarnc, and DifEntrp parameters showed a negative correlation 
with the CTMI index. Patients with cortical bone thickness below 3 
mm exhibited higher SumOfSqs and SumVarnc.

In the study conducted by Brasileiro et al. (2017) [8], bone mineral 

density was correlated with age. The mean ages were 55.6 years 
in the normal group, 57.5 years in the osteopenia group, and 62.4 
years in the osteoporosis group [8]. In the present study, the mean 
age was 42.7 years in group A and 62.4 years in group B. Since bone 
densitometry was not performed, women up to 50 years of age were 
included in group A, and older than 51 years were included in group 
B. The selection criteria was based on the fact that Type 1 osteoporosis 

Table 4: Spearman correlation coefficient of the CTMI measure with TA in different directions – Group A.

Parameter S(1,0) S(0,1) S(1,1) S(1,-1) S(2,0) S(0,2) S(2,2) S(2,-2) S(3,0) S(0,3) S(3,3) S(3,-3) 

AngScMom 0,253 0,233 0,255 0,215 0,206 0,253 0,254 0,212 0,217 0,249 0,208 0,211

Contrast -0,263 -0,221 -0,241 -0,251 -0,238 -0,278 -0,3 -0,284 -0,26 -0,28 -0,29 -0,291

Correlat 0,105 0,117 0,117 0,129 0,148 0,153 0,21 0,224 0,216 0,131 0,237 0,299

SumOfSqs -0,293 -0,31 -0,306 -0,299 -0,276 -0,351* -0,329 -0,328 -0,27 -0,373* -0,309 -0,295

InvDfMom 0,214 0,236 0,222 0,24 0,203 0,26 0,259 0,319 0,246 0,25 0,273 0,279

SumAverg -0,161 -0,159 -0,16 -0,159 -0,151 -0,159 -0,144 -0,153 -0,15 -0,169 -0,127 -0,148

SumVarnc -0,3 -0,316 -0,3 -0,295 -0,283 -0,345* -0,317 -0,3 -0,233 -0,378* -0,312 -0,277

SumEntrp -0,229 -0,257 -0,27 -0,245 -0,213 -0,284 -0,279 -0,213 -0,192 -0,306 -0,255 -0,164

Entropy -0,275 -0,233 -0,257 -0,25 -0,222 -0,245 -0,258 -0,225 -0,238 -0,263 -0,243 -0,203

DifVarnc -0,26 -0,221 -0,253 -0,235 -0,269 -0,28 -0,32 -0,313 -0,292 -0,287 -0,279 -0,3

DifEntrp -0,264 -0,218 -0,236 -0,258 -0,237 -0,274 -0,306 -0,304 -0,26 -0,278 -0,275 -0,283

*Significant at the 5% level.

Table 5: Spearman correlation coefficient of the CTMI measure with TA in different directions – Group B.

Parameter S(1,0) S(0,1) S(1,1) S(1,-1) S(2,0) S(0,2) S(2,2) S(2,-2) S(3,0) S(0,3) S(3,3) S(3,-3) 

AngScMom 0,479* 0,388* 0,469* 0,503* 0,558* 0,389* 0,471* 0,500* 0,549* 0,373* 0,388 0,439*

Contrast -0,487* -0,476* -0,490* -0,614* -0,562* -0,461* -0,507* -0,559* -0,556* -0,415* -0,513* -0,502*

Correlat -0,098 0,029 -0,053 0,16 0,065 0,085 0,123 0,364* 0,312 0,169 0,16 0,367*

SumOfSqs -0,503* -0,503* -0,509* -0,511* -0,510* -0,515* -0,491* -0,496* -0,501* -0,479* -0,496* -0,491*

InvDfMom 0,409* 0,448* 0,439* 0,527* 0,539* 0,434* 0,491* 0,511* 0,570* 0,373* 0,429* 0,442*

SumAverg -0,293 -0,292 -0,292 -0,293 -0,283 -0,292 -0,299 -0,291* -0,269 -0,292 -0,304 -0,277

SumVarnc -0,489* -0,505* -0,519* -0,482* -0,483* -0,501* -0,465* -0,426* -0,478* -0,476* -0,448* -0,397*

SumEntrp -0,443* -0,449* -0,526* -0,446* -0,463* -0,465* -0,497* -0,404* -0,430* -0,482* -0,455* -0,377*

Entropy -0,529* -0,520* -0,531* -0,568* -0,562* -0,509* -0,502* -0,527* -0,542* -0,477* -0,443* -0,453*

DifVarnc -0,500* -0,460* -0,474* -0,613* -0,519* -0,446* -0,528* -0,567* -0,519* -0,409* -0,509* -0,527*

DifEntrp -0,496* -0,460* -0,495* -0,587* -0,561* -0,451* -0,522* -0,569* -0,542* -0,437* -0,473* -0,513*

*Significant at the 5% level.

Table 6: Comparison between groups formed based on the cortical measure in age group B (>50 years) regarding texture analysis in the S(1,0) direction.

Variable

Group B

p-valueCTMI<3 (N=22) CTMI≥3 (N=44)

Mean (SD) Median [Min;Max] Mean (SD) Median [Min;Max]

AngScMom 0.02 (0.01) 0.02 [0.01;0.03] 0,03 (0,01) 0.03 [0.01;0.06] 0.002

Contrast 3.51 (1.49) 3.73 [1.08;6.71] 2,36 (1,02) 1.97 [0.68;4.71] 0.002

Correlat 0.86 (0.07) 0.87 [0.67;0.95] 0,85 (0,07) 0.84 [0.69;0.94] 0.237

SumOfSqs 15.1 (8.27) 12.2 [4.98;34.9] 8,38 (3,32) 8.37 [3.03;17.6] <0.001

InvDfMom 0.50 (0.07) 0.51 [0.39;0.64] 0.55 (0.07) 0.56 [0.43;0.73] 0.011

SumAverg 63.5 (9.89) 65.4 [49.0;78.3] 58.4 (9.43) 56.5 [45.9;82.2] 0.053

SumVarnc 56.8 (32.4) 45.9 [16.9;136] 31.2 (12.9) 30.9 [10.6;67.7] <0.001

SumEntrp 1.38 (0.11) 1.39 [1.19;1.56] 1.29 (0.09) 1.30 [1.11;1.46] 0.001

Entropy 1.85 (0.16) 1.89 [1.60;2.12] 1.71 (0.14) 1.70 [1.36;2.00] 0.001

DifVarnc 1.57 (0.65) 1.56 [0.45;2.79] 1.05 (0.46) 0.90 [0.37;2.51] 0.001

DifEntrp 0.63 (0.09) 0.65 [0.43;0.76] 0.56 (0.07) 0.55 [0.38;0.70] 0.002
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(postmenopausal) typically occurs approximately 10 to 15 years after 
menopause, most commonly between 50 and 70 years of age [23], 
and this osseous condition predominantly affects individuals older 
than 50 years [24].

The majority of postmenopausal women with osteoporosis 
have bone loss related to estrogen deficiency [4], wich impairs 
bone tissue turnover and promotes skeletal bone degeneration [22]. 
Estrogen binds with estrogen receptor to promote the expression 
of osteoprotegerin (OPG), suppress the action of nuclear factor-κβ 
ligand (RANKL), inhibit osteoclast formation and bone resorptive 
activity, and increase the secretion of IL-1, IL-6, and tumor necrosis 
factor (TNF) [4]. In addition, the trabecular structure in women 
tends to exhibit a thinner and more linear morphology, making it 
more susceptible to changes during bone remodeling [16].

The mandibular cortical index correlates with bone mineral 
density and is well established in the literature as a diagnostic indicator 
of osteoporosis [8, 10, 11, 22, 25, 26]. Several studies correlating 
mandibular cortical measurements with DXA have reported lower 
linear values in osteoporotic individuals [1, 8, 10, 11, 27]. Therefore, 
in the present study, the mandibular cortical index was correlated 
with texture analysis in premenopausal and postmenopausal women.

Resorption in osteoporotic patients occurs primarily in the 
Haversian and Volkmann canals, which supply blood to the cortical 
bone [26]. The cortical height in the mental foramen region correlates 
with lumbar spine BMD in postmenopausal women, supporting 
the measurement of this region [28]. An MCI value below 3.4 mm 
indicates a 3.9-fold increased risk of developing osteoporosis [22], 
and values under 3.0mm may represent a threshold for predicting low 
bone mineral density, suggesting referral for DXA assessment [8, 22, 
27]. In the present study, the mean mandibular cortical width was 4.10 
mm in group A and 3.25 mm in group B, indicating a predisposition 
to the disease in group B. One-third of the women in Group B can 
be classified as having osteoporosis, as the MCI measurement was 
below 3 mm. In the study conducted by Brasileiro et al. (2017) [8], 
the mean CTMI values were 3.68 and 2.93 in patients with osteopenia 
and osteoporosis, respectively. Similarly, in the study by Gungor et 
al. (2016) [25], the mean CTMI values were 3.42 and 2.76 in patients 
with osteopenia and osteoporosis, respectively. In this study, Group 
B also presented lower values of the Inferior and Superior Computed 
Tomography Index, similar to the findings reported by Brasileiro et 
al. (2017) [8].

This study represents one of the first attempts to address the 
methodology of evaluating the inferior mandibular cortex through 
CBCT texture analysis to identify low bone mineral density. With 
texture analysis, changes in bone patterns [18], characterization and 
differentiation of various tissues based on their textural properties can 
be detected [17]. In the study conducted by Kawashima et al. (2019) 
[19], CT texture analysis was compared with bone densitometry, 
and statistically significant differences were observed in the bilateral 
sphenoid triangles, mandibular condyles, and clivus.

In the texture analysis, statistically significant differences were 
found among the evaluated parameters, suggesting an alteration in the 
cortical bone structure between the groups. Group A showed higher 
AngScMom and InvDiffMom values, indicating greater uniformity 
and homogeneity, with better organization and distribution of the 
bone trabeculae. The secondary angular moment is a parameter that 
represents the uniformity of the gray-level distribution in the image; 

meaning that images with a lower number of gray levels exhibit greater 
uniformity. The inverse difference moment measures the smoothness 
(homogeneity) of the gray-level distribution; when contrast is low, 
the InvDiffMom value is high.

In the texture analysis, group B showed higher values of Contrast, 
SumOfSqs, SumEntrp, Entropy, DifVarnc, and DifEntrp, indicating 
greater dispersion, variance, and gray-level disorganization, 
consistent with disrupted trabecular architecture and a predisposition 
to osteopenia/osteoporosis. 

These textural alterations directly reflect the underlying 
microarchitectural changes in bone tissue. Parameters such as 
Contrast and Entropy are sensitive to irregularities in gray-level 
distribution, indicating higher trabecular disorganization and 
increased cortical porosity, features typically observed in osteopenic 
and osteoporotic bone. In contrast, ASM and InvDfMom express 
uniformity and homogeneity of the voxel intensity distribution, 
which are associated with greater trabecular connectivity and a 
denser, more compact cortical structure. Therefore, the reduction 
in ASM and IDM values observed in older women suggests a loss of 
trabecular continuity and increased cortical porosity, reinforcing the 
potential of texture analysis to capture subtle structural deterioration 
that precedes measurable decreases in bone mineral density.

Contrast represents the amount of local variation in gray levels; 
a high value may indicate the presence of edges, noise, or roughness 
within the image. Entropy measures the degree of disorder among 
pixels in the image; higher entropy values indicate greater variation 
in gray-level intensities. Similar results were reported by Kavitha 
et al. (2015) [29], in which the p-values for AngScMom, Contrast, 
InvDiffMom, SumEntrp, Entropy, and DifVarnc were below 0.05, 
indicating significant differences between osteoporotic and normal 
patients with respect to lumbar spine and femoral neck BMD. This 
demonstrates that GLCM texture analysis is strongly correlated with 
systemic bone condition, showing that the changes present in the spine 
and femur are reflected in the mandibular cortical microstructure 
[29]. High values for the parameters contrast, entropy, sum entropy, 
sum of squares, and angular second moment indicate greater disorder 
and a lack of uniformity in pixel distribution, suggesting areas affected 
by osteolytic processes [18].

No statistically significant differences were found between 
Groups A and B for the parameters Correlat and SumAverg. Similar 
to the study conducted by Kawashima et al. (2019) [19], in which the 
Correlat parameter derived from computed tomography showed no 
significant differences between patients with normal bone mineral 
density and those with osteoporosis in the sphenoid triangles, 
mandibular condyles, and clivus region. In contrast, the study 
conducted by Kavitha et al. (2015) [29] reported significant differences 
in the Correlat parameter between normal and osteoporotic patients. 
However, that study used panoramic radiographs, in which bone 
structures and other anatomical features tend to overlap. The Correlat 
parameter represents the degree of interdependence between image 
pixels, with higher values indicating greater pixel interdependence 
[17].

Unlike previous studies using panoramic images, the present 
analysis focuses on cortical texture extracted from CBCT, which 
offers higher spatial resolution and is not affected by superimposition. 
This may explain why our correlations between CTMI and texture 
parameters were stronger than those reported in panoramic-based 
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studies.

According to the correlation analysis between the CTMI index 
and texture analysis, evaluated across the directions S(1,0), S(0,1), 
S(1,1), S(1,–1), S(2,0), S(0,2), and S(0,3), a positive correlation was 
observed for the AngScMom and InvDfMom parameters, indicating 
that higher CTMI values are associated with greater uniformity and 
homogeneity of the trabecular bone. Whereas a negative correlation 
was observed between the CTMI index and the parameters Contrast, 
SumOfSqs, SumVarnc, SumEntrp, Entropy, DifVarnc, and DifEntrp, 
indicating that lower CTMI values are associated with greater 
variation and disorganization in gray levels, as well as increased 
dispersion of the gray-level distribution relative to the mean.

Cortical bone thicknesses below 3 mm, indicating osteoporosis, 
were associated with higher Contrast, SumOfSqs, SumVarnc, 
SumEntrp, Entropy, DifVarnc, and DifEntrp. Entropy is directly 
related to bone structural organization; higher entropy values 
reflect reduced tissue uniformity and increased variability in gray-
level intensities [17]. Elevated contrast values are indicative of non-
homogeneous structures [15], exhibiting greater noise and reduced 
uniformity, which in turn reflect increased variation and decreased 
similarity among gray-level intensities [17]. 

Patients exhibiting a Computed Tomography Mandibular 
Index (CTMI) below 3 mm demonstrated significant differences 
(p < 0.001) in Sum of Squares (SumOfSqs) and Sum Variance 
(SumVarnc) parameters, reflecting substantial alterations in cortical 
bone architecture. These elevated values indicate increased textural 
heterogeneity, characterized by greater dispersion and variability in 
gray-level intensity distributions within the bone matrix, indicating 
a more irregular and porous cortical structure with structural 
disorganization. These findings suggest that the association between 
morphometric indices and texture-analysis parameters may represent 
a promising tool for screening low bone mineral density. This aligns 
with the results reported by Kavitha et al. (2015) [29], in which 
the combination of textural features and MCW yielded superior 
discriminatory performance for identifying osteoporosis based on 
femoral neck and lumbar spine BMD.

The limitations of this study included the small sample size, the 
absence of bone densitometry (the gold standard for diagnosing 
osteoporosis), and the fact that the women evaluated were relatively 
healthy. Future studies should include a larger sample size and 
incorporate comparison with the gold-standard examination (bone 
densitometry) to determine whether the parameter value ranges are 
reliable for classifying patients as normal, osteoporotic, or osteopenic. 
Considering the loss of resolution that occurs when converting 2D 
images to Bitmap, a 3D texture analysis using the texture parameters 
is recommended.

In conclusion, CBCT mandibular cortical thickness and texture-
analysis parameters are associated with bone mineral density, 
demonstrating their potential as screening tools for osteopenia/
osteoporosis. The mean mandibular cortical index (MCI) was 4.10 
mm in women under 50 years of age (Group A) and 3.25 mm in 
women over 51 years (Group B), indicating a higher predisposition 
to the disease in Group B.

In texture analysis, Group A exhibited higher AngScMom and 
InvDiffMom values, indicating greater uniformity and homogeneity 
of the trabecular structure, whereas Group B displayed higher values 
of Contrast, SumOfSqs, SumEntrp, Entropy, DifVarnc, and DifEntrp, 

reflecting increased dispersion, variance, and disorganization of gray-
level intensities.

In the correlation between MCI and texture analysis, a positive 
association was observed for the AngScMom and InvDfMom 
parameters, indicating that higher CTMI values are associated 
with greater uniformity and homogeneity of the trabecular bone. 
Conversely, the CTMI index exhibited a negative correlation with 
the parameters Contrast, SumOfSqs, SumVarnc, SumEntrp, Entropy, 
DifVarnc, and DifEntrp, indicating that lower CTMI values are 
associated with greater variation and disorganization of gray levels, 
as well as increased dispersion in the gray-level distribution relative 
to the mean. Patients in Group B with cortical bone thickness below 
3 mm, indicative of osteoporosis, exhibited higher SumOfSqs and 
SumVarnc.

Morphometric measurements and texture analysis from 
tomographic images may provide a valuable tool for assessing bone 
status and for the screening of osteopenia and osteoporosis, as well as 
for identifying patients at risk of low bone mineral density (BMD), 
given the lower radiation exposure associated with this imaging 
modality. In addition to being low-cost and low-radiation, this 
approach could facilitate population-wide screening and help reduce 
public health expenses related to the treatment and prevention of 
these conditions.
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