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ABSTRACT

Introduction and aim. This study aims to estimate the age of a population in Central India by analyzing the mental foramen
using cone beam computed tomography (CBCT). The objectives of the study are to determine the parameters for age determi-
nation and study bilateral variations in mental foramen dimensions using CBCT.

Material and methods. One hundred and twenty CBCT scans, HD LED monitor, GALAXIS GALLIEQS viewer.

Results. Results from the study show significant values for various parameters such as the upper and lower borders of the man-
dible and mental foramen. Bilateral variations were also observed. The age regression model indicates a significant correlation
between estimated and original ages for individuals aged between 31 to 50 years. While the study only analyzed five param-
eters of the mental foramen, it suggests that a more comprehensive assessment of mental foramen parameters with a larger
sample size can yield more definitive results for age determination.

Conclusion. As only five parameters of mental foramen had been assessed in this retrospective study, so a comprehensive as-
sessment of various other parameters of mental foramen with an increased sample size may be done for more definitive results

for gender and age determination.

Keywords. cone-beam computed tomography, forensic science, mental foramina

Introduction

In the field of forensic dentistry, determining the age of
severely deteriorated and obscure skeletal remains play
an extremely significant role in the recognizable proof.
Age can be resolved from various parts of the facial skel-
eton; mandible is one of them."? A more durable nature
of this bone makes it a reasonable tool for age estimation.
Mandible continues in an all-around protected state lon-
ger than some other bone because of the presence of a
dense layer of cortical bone.>* As a result, forensic anthro-
pologists and criminological dental specialists primarily
use the morphological features of the mandible to de-
termine age. There are various mandibular criteria that
can be used to determine the age of the obscure skeleton.

Mental foramen is one of the mandibular components
that can be quite helpful in determining age. Radiographs
can be used to survey the morphological components of
the mental foramen in both living and deceased people.
Panoramic imaging, readily demonstrates the mental fo-
ramen.*® Straight (linear), perpendicular, and anterior
loop (AL) patterns have been observed in the mental fo-
ramen.*S The existence of AL has been mentioned in the
literature on rare occasions. CBCT is widely regarded as
the gold standard in radiological imaging. Because CBCT
can produce high-resolution three-dimensional images,
it can detect accessory canals with small diameters and
those that bifurcate in any direction.® Many researches
have been published in panoramic imaging about age as-
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sessment using the mental foramen, and a lesser number
of studies have been reported in CBCT, thus utilizing a
3D imaging approach will help to find the exact position
of the mental foramen.®* Therefore, there is a need for the
forensic experts and anthropologists to have a thorough
knowledge about the utilization of the CBCT and the ac-
curacy it provides in determining the exact location of
mental foramen. As a result, using CBCT, this study was
carried out to determine age based on the location and
size of mental foramen.>'

Aim

This study aims to determine the age of a population in
Central India by analyzing the mental foramen using
CBCT.

Material and methods

The present study was conducted in the department of
Oral Medicine, Diagnosis and Radiology, Rungta Col-
lege of Dental Sciences and Research, Kohka Kurud,
Bhilai, Chhattisgarh. Prior to the commencement of the
study, ethical clearance was obtained from the institu-
tional ethical committee (RCDSR/IEC/MDS/2018/01).

Source of data
For this retrospective study, a total of 120 CBCT scans
were collected from the Oral Radiology Department,
Rungta College of Dental Sciences and Research from No-
vember 2018 to December 2019.The sample size was de-
termined using G-Power software (Version 3.1.9.7) with
the power of the test kept at 80%. The scans of the subjects
were randomly collected from the available data. The pa-
tient’s identification number, sex, date of birth was kept
confidential and a unique study case number was allotted.
Analysis of the reformatted images was performed using
SIDEXIS software using GALAXIS GALLIEOS viewer.
A CBCT scans of mandible were grouped under the
following category:
- Group I comprising of age 21-30 years — 30 subjects
- Group II comprising of age 31-40 years —-30 sub-
jects
- Group III comprising of age 41-50 years -30 sub-
jects
- Group IV comprising of age 51-60 years —30 sub-
jects

Inclusion criteria

- the subjects should be of age from 21-60 years,

- all teeth may or may not present adjacent to mental
foramen, from canine to first molar, on both sides.

Exclusion criteria

- presence of any imaging artifact of mandible,

- presence of any radiolucent or radio-opaque lesion,
obscuring the MF region,

- presence of any fracture in the parasympyseal re-
gion.

A CBCT apparatus, the SSIRONA ORTHOPHOS XG
3D (Dentsply Sirona, Germany) was used with the follow-
ing parameters: a tube voltage of 85 kV, a tube current of
6 mA and an exposure cycle of 14.4s of 8X5 FOV. Contig-
uous sectional images in three directions, parallel section
(parallel to the dental arch), cross-section (perpendicular
to the dental arch) and horizontal section images, were re-
constructed from the projection data with a slice width of
1 mm. Viewing the contiguous sectional images using ded-
icated SIDEXIS software (GALAXIS GALLIEOS viewer),
the images were evaluated in each section on a high-defi-
nition light emitting diode (HD LED) monitor.

Evaluation of scans

Two subject experts from the Department of Oral Medi-

cine and Radiology, Rungta College of Dental Sciences and

Research, with an experience of 10 years and 7 years re-

spectively calibrated the principal investigator for the eval-

uation of various parameters required in the study. The

Kappa (k) value obtained was 0.86. The required measure-

ment (Fig. 1) of CBCT scan were done in SIDEXIS Soft-

ware by a single observer on these following parameters:

- upper border of crest of mandible to upper border
of mental foramen (Fig. 2),

— upper border to lower border of mandible (Fig. 3),

- upper border of mental foramen to lower border of
mandible (Fig. 4),

- lower border of mandible to lower border of mental
foramen (Fig. 5).

> SM-UM

. MM
7 UM-IM

. SMIM

SM-UM -Superior border of mandible
To upper border of mental foramen

UM-IM-Upper border of mental foramen
To Inferior border of mandible

SM-IM —Superior border of mandible
To lower border of mandible

LM-IM-Lower border of mentalforamen
To Inferior border of mandible

Fig. 1. Graphic representation of the measurements done
for the mental foramen

Statistical analysis

The data so collected was entered into the MICRO-
SOFT OFFICE EXCEL SPREAD SHEET which was
then transferred to SPSS version 16.0 IBMT for statis-
tical analysis. Descriptive statistics with mean and stan-
dard deviation was calculated for various parameters.
Student unpaired t- test and Chi square test was used to
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Fig. 2. Measurement from the crest of alveolar ridge to
upper border of mental foramen

Fig. 3. Measurement from the upper border of mandible to
lower border of mandible

Fig. 4. Measurement from the upper border of mental
foramen to lower border of mandible

Fig. 5. Measurement from the lower border of mental

foramen to lower border of mandible

analyze the data. The confidence Interval (CI) was kept
at 95% and p value < 0.05 was statistically significant.

Results

The mean measurement recorded for the right side
for 31-40 years the mean measurement among males
and females were 29.95+1.75 and 27.01+2.41 with a
mean difference of 2.94, which was statistically signif-
icant (p<0.05) whereas for the left side it was 30.3+2.1
among males and 27.64+2.02 with a mean difference of
2.65 which was highly significant. The age group of 41-
50 years the mean measured among males and females
was 29.05+0.96 and 27.33£0.71 with a mean difference
of 1.72 and found to be statistically significant (p<0.05)
whereas for the left side it was 28.99+0.93 among
males and 27.28+0.71 with a mean difference of 1.71
(p<0.05). The final age group of 51-60 years the mean
measurement among males and females recorded were
28.69+2.44 and 27.02+1.62 respectively with a mean
difference of 1.66 and found to be statistically signifi-
cant (p<0.05) whereas for the left side it was 28.27+2.21
among males and 26.35+2.15 with a mean difference of
1.91 also found to be significant as shown in Table 1.

Table 1. Mean comparison of measurement of right and
left side upper border to lower border of mandible: among
male and female

Mean
Age Gender n Mean£SD Difference Tvalue p

Right Left  Right Left Right Left Right Left

Male 15 26.49+1.68 26.81+1.87
21-30 041 -0.127 0.643 -0.193 052 0.849
Female 15 26.90+1.81 26.94+1.74

Male 15 29.95+1.75 30.30+2.10
31-40 294 265 3.805 351 0.001 0.002
Female 15 27.01+241 27.64+2.02

Male 15 29.05+0.96 28.99+0.93
41-50 172 171 548 562 0.001 0.001
Female 15 27.33+0.71 27.28+0.71

Male 15 28.69+244 28.27+2.21
51-60 166 191 219 240 003 0.023
Female 15 27.02+1.62 26.35+2.15

Table 2. Mean comparison of measurement for right and
left upper border of crest of mandible to upper border of
mental foramen

Mean
+
Age Gender n Mean£SD Difference Tvalue p

Right Left  Right Left Right Left Right Left

Male 15 13.89x1.34 13.91+0.82
21-30 074 047 -144 -0.998 0.157 0327
Female 15 14.63+145 14.38+1.60

Male 15 1591%1.96 15.75£1.70
31-40 186 063 215 0864 0.018 0395
Female 15 14.05+2.09 15.12+2.26

Male 15 1349+0.88 13.56+0.84
41-50 -142 108 -446 -3.421 0.001 0.002
Female 15 1491086 14.65+0.89

Male 15 1543%191 14.66+1.63
51-60 071 044 119 0621 0.256 0.540
Female 15 1471£147 14.23£2.81

For 31-40 years the mean measurement among
males and females were 15.91+£1.96 and 14.05%2.09
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respectively with a mean difference of 1.86, which was
statistically significant (p<0.05) whereas for the left side
it was 15.75+£1.70 among males and 15.12+2.26 with
a mean difference of 0.63 (p<0.05). The age group of
51-60 years the mean measurement among males and
females recorded was 15.43£1.91 and 14.71+1.47 re-
spectively with a mean difference of 0.71 this was found
to be statistically significant (p<0.05), whereas for the
left side it was 14.66+1.63 among males and 14.23+2.81
with a mean difference of 0.44 also found to be signifi-
cant as shown in Table 2.

The mean comparison of measurement of right and
left lower border of mandible to lower border of men-
tal foramen; of both male and female. For 31-40 years
the mean measurement among males and females were
12.63+1.38 and 11.25+1.15 respectively with a mean
difference of 1.37600, which was statistically signifi-
cant (p<0.05), whereas for the left side it was 12.55+1.33
among males and 11.06+1.23 with a mean difference of
1.58933 which was highly significant. The age group of
41-50 years the mean measured among males and fe-
males was 13.86+1.53 and 10.56+0.41respectively with a
mean difference of 3.29800, this was found to be statisti-
cally significant (p<0.05) whereas for the left side it was
14.01+1.52 among males and 10.81+0.69 with a mean
difference of 3.19 (p<0.05) as shown in Table 3.

Table 3. Mean comparison of measurement of right and
left lower border of mandible to lower border of mental
foramen

Mean+SD Mean Tvalue p

Age Gender n Difference

Right Left

Male 15 1045+1.08 10.55:£0.97
21-30 016 041 0370 -1.181 0.755 0.248
Female 15 10.60+1.22 1095091

Male 15 12.63+138 12.55+1.33
Female 15 11.25+1.15 11.06+1.23
Male 15 13.86+153 14.01+1.52
41-50 329 319 8059 739 0.001 0.001
Female 15 10.56+0.41 10.81+0.69
Male 15 11.07£131 10.89+1.13

51-60 017 022 0377 0535 0.709 0.597
Female 15 10.90+1.21 10.67+1.07

Right Left Right Left Right Left

137 149 2952 3.7 0.006 0.004

The mean comparison of the measurement of right
and left upper border of mental foramen to lower bor-
der of mandible of both male and female among all age
groups were determined. For 31-40 years the mean
measurement among males and females was 16.29+1.58
and 13.54+0.87 with a mean difference of 2.747, this was
statistically significant (p<0.05). whereas for the left side
it was 16.25+1.85 among males and 13.76+1.1 with a
mean difference of 2.48 (p<0.05). The age group of 41-
50 years the mean measured among males and females
was 15.97£1.49 and 12.86+0.82 with a mean differ-
ence of 3.105, this was found to be statistically signifi-
cant (p<0.05) whereas for the left side it was 15.96+1.54

among males and 13.6+1.09 with a mean difference of
2.79 (p<0.05) as shown in Table 4.

Table 4. Mean comparison of measurement of right and
left upper border of mental foramen to lower border of
mandible among male and female

Mean+SD Mean Difference ~ Tvalue p
Right Left Right Left Right Left Right Left

Male 15 14.15%1.03 14.19+0.76
21-30 041 004 099 0.085 0327 093
Female 15 13.74%1.21 14.15£1.52

Male 15 16.29+1.58 16.25x1.85
31-40 275 248 583 4.455 0.001 0.001
Female 15 13.54+0.87 13.76x1.10

Male 15 15.97+1.49 15.96+1.54
41-50 311 279 7.064 5705 0.001 0.001
Female 15 12.86+0.82 13.16x1.09

Male 15 13.54+1.86 13.85+1.50
51-60 031 129 0437 2218 0.665 0.03
Female 15 13.23%1.96 12.56x1.67

Age Gender n

The mean comparison of measurement for right and
left dimension of mental foramen of both male and fe-
male among all age. For 31-40 years the mean measure-
ment for the left side it was 3.70+0.930 among males
and 2.70+0.878 with a mean difference of 0.99667 which
was highly significant. The age group of 41-50 years the
mean measured for the left side was 1.95+1.560 among
males and 2.35+1.252 among females with a mean dif-
ference of -0.40133 (p<0.05) The final age group of 51-60
years the mean measurement among males and females
recorded was 2.46+1.008 and 2.33+1.482 respectively
with a mean difference of 0.13133 this was found to be
statistically significant (p<0.05). whereas for the left side
it was 2.96+0.934 among males and 1.89+1.396 with a
mean difference of 1.07400 also found to be significant
as shown in Table 5.

Table 5. Mean comparison of measurement for right and
left dimension of mental foramen among male and female

Mean
"
Mean+SD Difference Tvalue p

Right Left Right Left Right Left Right Left

Male 15 3.70+1.146 3.64+0.737
21-30 057 045 1.253 1.191 0.221 0244
Female 31341329 3.19+£1.248

Male 15 3.66+0.905 3.700.930
31-40 137 099 4342 3018 0.001 0.005
Female 15 2.29+0.822 2.70+0.878

Male 15 2.10£1.130 1.95+1.560
41-50 -0.19  -040 -0473 -0.777 0.640 0.444
Female 15 2.30+1.102 2.35+1.252

Male 15 2.46+1.008 2.96+0.934
51-60 013 107 0284 2476 0.779 0.020
Female 15 2.33+1.482 1.89+1.3%

Age Gender n

«

«

«

«

«x

«

«

Using all the measurement of all the five parameters
of the mandible and mental foramen formula for esti-
mation of age was derived using simple linear regression
model (p<0.05, CI= 95%).

Age estimate equation for right side= 24.030+
(1.763* UB.to.LB.right) +(-0.933* UBCM.To. UBME
Right) + (-0.819* LBM.to.LBME Right) + (-3.447* Di-
mension.MERight)
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Age estimate equation for left side = 45.988+ (2.617*
UB.to.LB.Left) +(-2.880* UBCM.To. UBME Left)
+(-2.200"LBM.to.LBMF. Left) +(-4.002* Dimension.
MELeft)

Discussion

Forensic odonatologists can play a role in the identifi-
cation of gender using facial bones especially mandi-
ble, which is a stronger bone.” Mental foramen is one
of the stable landmarks of mandible.'® It is located on
lateral surface of body of mandible below the apices of
first and second premolars. Wical and Swoope report-
ed that there is no effect of alveolar bone resorption on
the distance between mental foramen and lower border
of the mandible. It remains relatively constant through-
out life."! Lindh et al. and Guler et al. also agreed with
the results suggested by Wical and Swoope.'>"* All these
studies demonstrated that linear measurements on ra-
diographs can be a sound indicator of the alveolar bone
resorption with age. CBCT is a relatively accurate tech-
nology, introduced to dentistry in 1998, which is used
for the three-dimensional imaging. Currently, high res-
olution CBCT is the most promising and accurate tech-
nology available for quantitatively determining the
position of ME'*'* The vertical measures computed from
the superior edge of the mental foramen to the crest of
the alveolar ridge were found to be larger in edentulous
males than in women in this study. Ajmal et al. reported
similar findings, noting that the measurement dropped
considerably with age.’® Bhardwaj et al. studied 300 dig-
ital panoramic radiographs for predicting age in vari-
ous age groups and were divided into 3 groups of 25-34
years, 35-44 years, and 45-54 years using five param-
eters collectively, which were: gonial angle, ante gonial
angle, mental foramen, mandibular canal, mandibular
foramen."” Among all the data studied, changes in the
mandibular canal and mandibular foramen were shown
to be very significant (p=0.05) as age progressed, how-
ever in our study, the analysis was limited to the factors
linked to the mental foramen using CBCT.'8%

Similar to our study Gungor et al. studied the lo-
cations of mental foramen (MF) from age 10-70 years
using CBCT found that the vertical size of the MF was
similar on right and left side (p=0.785) whereas in our
study it was only similar and highly significant in the
age group of 41-50 years i.e., 0.001,0.005 (p<0.05).2" Ac-
cording to the study’s findings, the vertical position of
the MF changes with age. In younger age groups, it is
closer to the lower border of the mandible; in middle age
groups, it is equidistant from the alveolar crest and the
lower border of the mandible; and in older age groups, it
is closer to the alveolar crest. These findings agreed with
those of Ahmed et al., who found that only the distance
between the inferior edge and the lower border of the
mandible is statistically significant (p=0.01).* The posi-

tion of the mental foramen also influences the distance
between the superior edge of the foramen and the alve-
olar crest.

Conclusion

Mental foramen is one of the most important anatomi-
cal landmarks present in the mandible. As CBCT is con-
sidered a gold standard in radiological imaging, so the
mandibular foramen was assessed using the 3D imag-
ing technique which helped to determine the exact pa-
rameters of the mental foramen without any radiological
errors. The current study concluded that the distance
between the upper border of the body of the mandible
and the upper border of the mental foramen, the height
from the superior border of the mandible to the lower
border of the mandible, and the distance from the low-
er border of the mental foramen to the lower border of
the mandible all play an important role in determining
age. This study demonstrated that mental foramen could
potentially serve as a useful forensic criterion due to its
clinical importance. The age assessment was found to be
highly significant for the age groups of 31-40 years and
41-50 years (p<0.05). Same was also noticed in case for
gender estimation for the same age groups. Least signif-
icance was found in the age group of 51-60 years. The
dimensions of the right and left sides of the mental fo-
ramen varied bilaterally. Using the obtained parameters,
the predicted age using the age regression formula was
shown to be very significant in the age groups 21-30,
31-40, and 41-50 years. This study can also serve as a
guide for orthognathic operations, implant placement,
and pre-prosthetic surgery, as well as help in more ac-
curate identification of the dead and deceased, which is
critical in forensic investigations.
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