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Can Mental Index be used on CBCT images to 
determine sexual dimorphism?

O Índice Mentual aplicado em imagens de TCFC pode ser 
utilizado para determinação do Dimorfismo Sexual?
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ABSTRACT

Objective: Radiomorphometric indices (RI) vary according to gender and age. The objective of this study was to assess bone quality in 
men and women, using tomographic images. Methods: A total of 78 Cone Beam Computed Tomography (CBCT) images of female 
and male patients were analyzed. The images were obtained from LAPI-FOUSP database, São Paulo, Brazil, and the Mental Index, 
which is a quantitative index, was evaluated on those images. The images were divided into 2 groups: Group M – Men and 
Group W – Women and evaluated by one examiner in two different times (T1 and T2). The data was submitted to a statistical analysis 
with a 95% level of significance (p <0.05). Results: The ICC tests showed an average to good intra-examiner agreement. The age 
averages were: 48.46 ± 15.3 for group W and 53.87 ± 13.09 for group M. On the MI evaluation, statistically significant differences 
were observed between the two groups. Conclusion: We concluded that MI can be used to determine sexual dimorphism, once the 
thickness of the mandible cortex in women is smaller than the thickness found in men.

Indexing terms: Cone-beam computed tomography. Radiology. Sex characteristics.

RESUMO

Objetivo: Avaliar o dimorfismo sexual, por meio da aplicação de IR em imagens tomográficas. Métodos: Foram analisados 78 exames 
de tomografia computadorizada de feixe cônico (TCFC), de pacientes do sexo feminino e masculino. As imagens foram obtidas do 
banco de dados do LAPI-FOUSP, São Paulo, Brasil, e por meio delas o Índice Mentual, que é um IR quantitativo, foi avaliado. As imagens 
foram divididas em 2 grupos: Grupo M – Homens e Grupo W – Mulheres e avaliadas por um examinador em dois tempos diferentes (T1 
e T2). Os dados foram submetidos a análise estatística com nível de significância de 95% (p<0,05). Resultados: O teste ICC mostrou 
uma concordância intra-examinador média a boa. As médias de idade foram: 48,46±15,3 para o grupo M e 53,87±13,09 para o 
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grupo H. Na avaliação do IM, foram observadas diferenças estatisticamente significantes entre os dois grupos. Conclusão: Concluímos 
que o Índice Mentual pode ser utilizado para determinar o dimorfismo sexual, uma vez que a espessura da cortical da mandíbula nas 
mulheres é menor que a espessura encontrada nos homens.

Termos de indexação: Tomografia computadorizada por Raios X. Radiologia. Caracteres sexuais.

INTRODUCTION

In imaging studies, radiomorphometric indices (RI) are 
used to evaluate bone morphology, on both qualitative and 
quantitative ways, and consists in the application of different 
indices on the radiographic image. These indices are based 
mainly on measurements of cortical bone since it is more 
easily observed in radiographs than the trabecular bone [1].

Studies have reported that the thickness of the 
mandible cortex measured on panoramic radiographs 
correlated with the Bone Mineral Density (BMD) of the 
lumbar spine and the proximal femur, assessed by the gold-
standard examination, X-ray dual energy absorptiometry, 
also known as bone densitometry (DEXA) [2, 3].

Currently, research is being done on the application 
of radiomorphometric indices (RI) on Cone-Beam Computed 
Tomography (CBCT), since the oral rehabilitation through 
dental implants has gained strength, and the requisition 
of this exam has increased significantly [4, 5]. Koh & Kim 
[6] conducted a study to evaluate the use of Computed 
Tomography Indices (CTI), based on panoramic mandibular 
index (PMI), using CBCT images to evaluate the BMD of 
postmenopausal osteoporotic women. They concluded 
that it is possible to diagnose bone alterations in women 
using CBCT images using CTI.

The authors could not find in the literature studies 
assessing sexual dimorphism through the application 
of RI on panoramic radiographs and on CBCT. This is of 
great importance in forensic research, mostly on cases 
where skull fragments are unlikely to be identified based 
on the dental arch. In such cases, determining the sex is 
imperative to instantly rule out several possibilities, as well 
as help establishing a biological profile of human remains, 
and thus to get closer to a compatible identity [7].

The aim of this study was to evaluate the possibility 
of determining sexual dimorphism through the application 
of RI on CBCT images.

METHODS 

This project was approved by the research ethics 
committee of University of Sao Paulo School of Dentistry 
(nº 658.977).

Sample selection

A total of 78 CBCT examinations of the jaws, 
belonging to the LAPI-FOUSP archive, were used. The images 
were acquired on iCAT Classic® equipment (Kavo, USA), and 
panoramic reconstructions with 20mm of thickness were 
used. The examiner had access only to the gender and age 
of each individual.

Subjects were divided into two groups:

• Group W - 39 women aged between 20 and 75 
years.

• Group M - 39 men aged between 20 and 75 
years.

Mental index

The Mental Index (MI) evaluated the thickness of 
the mandible cortex bilaterally. A line that passed through 
the center of the mental foramen and was perpendicular 
to the tangent of the lower border of the mandible was 
traced, and the cortical width was measured at this point. 
MI values lower than 3,1mm correspond to bone alteration. 

Image analysis

A calibrated observer performed the images 
evaluation after previous training, in two different times and 
with an interval of one week between the two readings. 

The Mental Index measures were determined by 
XoranCAT® linear measurement tools (Xoran Technologies, 
USA) (figure 1).

Statistical analysis

The data was tabulated in an Excel 2011 worksheet 
(Microsoft Corp., USA) and submitted to statistical analysis 
in BioEstat 5.0® software for Windows, with a significance 
level of 95% (p <0.05).

To evaluate the reproducibility of the intra-examiner 
readings (times 1 and 2), an Intraclass Correlation (ICC) 
Test for quantitative data was performed.
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Figure 1. Panoramic reconstruction showing the Mental Index measurement on Software XoranCAT®.

For the analysis of the MI measurements, the t-test 
was used to compare the averages of the left and right 
sides in each group studied. The t-test was also used to 
assess if there were significant differences between the 
two groups (group W and group M). 

Fisher’s exact test was used to evaluate the 
association of bone alterations between the two groups.

RESULTS 

The results showed that the mean age for each 
group was 48.46 ± 15.3 for group W and 53.87 ± 13.09 
for group M.

Table 1 shows that there were no statistically 
significant differences on the MI obtained from the right 
and left sides, on the two groups evaluated.

Table 2 shows the comparison results of MI 
between the two groups, showing that there was a 
statistically significant difference between them.

Table 3 shows that, by Fisher Exact test, there 
was no association between bone alteration and the two 
groups studied.

Intraclass correlation test (ICC) used to evaluate 
the reproducibility of the MI measurements showed a 
good to medium reproducibility (0.40).

Table 1. T-test for comparison of MI on right and left sides of the studied groups.

Mental Index (MI)
MI right

mean±SD

MI left

mean±SD
p value

Women 4,19±0,79 4,10±0,84 0,50

Men 5,10±1,01 5,32±1,13 0,22

Table 2. Test t for comparison of MI between the groups studied

Mental Index (MI)
Women

Mean±SD

Men

Mean±SD
p Value

MI 4,150±0,97 5,214±1,075 0,0001*
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Table 3. Association between bone alteration in men and women.

MI Alteration Normal P value

Men 0 39 (100 %)
0,4935

Women 2 (5,12%) 37 (94, 88%)

DISCUSSION

The present study aimed to evaluate the sexual 
dimorphism through the application of the mental index 
(MI) on CBCT images, since the literature shows that 
radiomorphometric indices (RI) may be a viable alternative 
in studies of bone alterations.

Studies using RI in panoramic radiographic 
images are extensive in the literature [8-11]. In our study, 
we used panoramic reconstructions obtained from axial 
sections of CBCT images to apply these indices, since this 
reconstruction simulates a panoramic radiographic image, 
and with tools regarding the thickness of the tomographic 
sections, we can obtain an image that is similar to a 
panoramic radiograph. In the present study, the thickness 
of the panoramic reconstruction was set at 20 mm.

CBCT images have been increasingly used for 
diagnosis and planning in dentistry, and studies assessing 
the applicability of RI on CBCT images are still relatively rare 
in the literature, and the vast majority of them evaluate 
bone alterations in women with osteoporosis [6,12-14].

Koh & Kim [6] were the first authors to study the 
use of Computed Tomography Indices (CTI) on CBCT images 
to assess bone mineral density (BMD) in postmenopausal 
women, and concluded that these indices can be used for 
the tracing of osteoporotic women. Mostafa et al. [14] 
evaluated the application of three different CTI on CBCT 
images, concluding that these indices can be used as an 
adjuvant tool to refer patients at risk of osteoporosis for 
further assessment.

It is known that women, during the climacteric 
period, begin to present hormonal changes that can lead 
to a decrease in BMD, which can lead to problems such 
as osteopenia and osteoporosis. Early detection of these 
alterations is essential to avoid the occurrence of bone 
fractures [1,15]. A study showed that women who are in 
the postmenopausal phase usually have MI values lower 
than 3.1 mm, which means, they have lower cortical bone 
thickness when compared to premenopausal women [15].

Our results showed that there were no statistically 
significant differences in the means of MI in the right 

and left sides of the patients, in the two groups studied. 
However, when comparing the averages obtained in 
each group, we found statistically significant differences, 
revealing that the mean MI in women was lower (p <0.05) 
than the mean MI in men.

Bozdag & Sener [16] evaluated radiomorphometric 
indices applied on panoramic radiographs of men and 
women, concluding that the MI did not change with the 
increase of the age in men, but decreased significantly in 
women. Knezovic Zlataric et al. [17] showed that there 
was a decrease on the MI mean in both genders up to 75 
years, but from this age on, the MI values in women were 
relatively smaller when compared to men.

The fact that MI is lower on women over 50 
years agrees with the literature [9, 10, 17], which can 
be explained by BMD loss that they suffer after the fifth 
decade of life. However, our study used women aged 
20 years and older, and we concluded that, in general, 
women had lower cortical bone thickness than men, with 
anatomical differences between men and women being 
a possible justification. Although these differences are 
already expected, in the literature, there is still no study 
showing the effectiveness of MI in determining sexual 
dimorphism when applied to CBCT images.

Our results also indicated that in the sample 
studied, there was no association between bone changes 
in men and women (p = 0.4935), and that only 5.12% of 
the women in this study were classified as MI <3.1mm.

We also emphasize that after the proper training 
of the evaluator for the MI application on CBCT images, 
the reproducibility achieved was average to good, meaning 
that the methodology is not difficult to be applied and can 
be used by dentists in their office routines, as a way of 
screening patients with bone alterations.

CONCLUSION

We can conclude that it is possible to determine 
sexual dimorphism through the application of MI on 
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panoramic reconstruction images of CBCT, but studies 
evaluating more patients are necessary to effectively verify 
the differences between the thicknesses of the mandibular 
cortical bone of men and women.
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