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Exploring the hidden
anatomy: Cone-Beam CT
insights into mental and
median lingual foramen
variations in South Indian

population

Abstract

Background

The mental foramen (MF) and median
lingual foramen (MLF) are key anatomical
landmarks in the mandible, crucial

for dental implants, extractions, and
other mandibular surgeries. Despite
their importance, variations in these
foramina within specific populations,
such as the South Indian demographic,
are not well understood. This study
aimed to assess these variations
among the South Indian population.

Materials and Methods

Cone-beam computed tomography
scans of 892 patients (452 men and
440 women), aged 25 to 65, were
analyzed. MF characteristics measured
included distance from crest to upper
border (MF1), distance from lower
border to mandibular border (MF2),

and emerging angle (EA), on both sides.

MLF characteristics included distance
from upper border of buccal (BD) and
lingual terminals (LD) to the alveolar

DOl

crest, canal length (LC), and diameters
of the buccal (DB) and lingual
terminals (DL), with assessments for
supraspinous and infraspinous MLF.
The data was collected and statistically
analyzed.

Results

MF parameters were significantly
larger on the right side compared to the
left (p<0.05). Significant differences
(p<0.05) were observed between males
and females for all MF measurements.
Supraspinous and infraspinous MLF
measurements also showed significant
differences (p<0.05), but no significant
gender differences were found in MLF
measurements (p>0.05).

Conclusion

MF dimensions were greater on the right
side, and males had higher mean values.
Also, infraspinous MLF showed greater
distances from the alveolar crest, with no
significant gender differences.
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INTRODUCTION

Dental implants are now a standard treatment for
tooth replacement, yet anatomical limitations and
restorative demands require precise planning and
surgical positioning. Procedures in the anterior
mandible, such as implant installation and graft
harvesting, can lead to complications involving
vascular structures, which may be life-threatening
(1). The rising use of dental implants may account for
the growing interest in the anatomical features of the
mandibular symphysis.

The mandibular foramen marks the beginning of
the mandibular canal, which contains the inferior
alveolar nerve and artery. At the mental foramen
(MF), the mandibular canal divides into its
mental and incisive branches. Usually, the MF
is located in the space between the premolar
teeth on the labial surface. However, mandible
undergoes remodeling throughout life, affecting
various parameters, including the MF, mandibular
foramen, and mandibular canal(2). MF is a critical
anatomical landmark on the anterolateral part
of the mandibular body, primarily because it is
where the terminal branches of the mandibular
nerve and blood vessels emerge(3). During surgical
procedures, MF may sustain damage that causes
sensory dysfunction of the gingiva, lower lip, and
chin from MF to midline. Numerous studies have
documented both transient and permanent sensory
abnormalities of the relevant soft tissue following
dental implant implantation(4-6).

Lingual foramina are supplementary foramina
located on the mandibular lingual surface.
Though they can also be seen around the second
premolar, they are usually found in the interforaminal
region. Lingual foramina act as conduits for
neurovascular structures, including branches of the
lingual artery, submental artery, and mylohyoid
nerve(7). Lingual foramina are divided into two
categories: median lingual foramen (MLF) and lateral
lingual foramen (LLF) based on where they are located
on the inner surface of the mandible. With a prevalence
ranging from 96% to 100%, MLF are the mandibular
lingual foramina that are most frequently observed
and reported. Compared to MLF, LLF evaluations are
less common, with a prevalence ranging from 6 to
80%(8). The MLF can be located above or below the
mental spines and according to their vertical location,
can be called supraspinous MLC or infraspinous MLC
respectively(9).

Cone-beam computed tomography (CBCT) is crucial
for assessing anatomical landmarks for implant
placement because it provides three-dimensional,
detailed images that enhance the precision and
accuracy of treatment planning(10). The ability to
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Fig. 1 Mental foramen (MF) characteristics

assess bone quality, quantity, and density, as well
as identify anatomical variations, makes CBCT an
invaluable tool for pre-surgical planning and ensuring
the successful and safe placement of dental implants.
The present research was conducted with the primary
aim to assess variations in mental foramen (MF) and
median lingual foramen (MLF) among the South Indian
population. The secondary aim was to determine
whether gender and location had an impact on these
anatomical landmarks.

MATERIALS AND METHODS

Eight hundred ninety-two patients aged 25 to 65
years were included in this study. This study involved
patients who were referred for a head and neck CBCT
scan between January 2024 and June 2024 to the
Department of Radiology, Saveetha Dental College
and Hospitals, Chennai, India. The study was carried
out in compliance with 1975 Helsinki Declaration, as
amended in 2013, with approval from Saveetha Dental
College and Hospitals’ Institutional Ethical Committee
(IHEC/SDC/MSIMPLANT-2308/24/076).Every
participant gave their informed consent. G*Power
Software, Version 3.0 was used to calculate the sample
size based on the mean and standard deviation values
from a prior study(11). 80% power and an a 0of 0.05 were
chosen. The target sample size was 850 subjects. This

March 2025; 17(1) © Tecniche Nuove



JO

Cone-Beam Ct Insights Into Mental And Median Lingual Foramen Variations In South Indian Population

Fig. 2 Supraspinous median lingual foramen (MLF) characteristics

study included patients who were partially edentulous
in lower anterior region; free of periodontal disease
and pathological conditions or deformities in the
mandibular jaw. Patients with history of mandibular
surgery; history of trauma or orthognathic surgery,
presence of pathologic bone disease and syndromic
patients were excluded.

The MF and MLF characteristics were evaluated
using CBCT (Carestream CS 9600, GA, US). Standard
operating procedures were followed to obtain the
CBCT scans: exposure of 90 kVp, 180 u voxel size, 10x5
c¢m field of view, and 1 mm slice intervals for cross-
sectional images. The images were then analysed
using CS 3D Imaging Software (Version 3.10.33.0). MF
characteristics (Fig. 1) measured included distance
from crest to upper border (MF1), distance from lower
border to mandibular border (MF2), and emerging
angle (EA). These measurements were made on
right and left sides. MLF characteristics in terms of
supraspinous MLF (Fig. 2) and infraspinous MLF (Fig.
3) included distance from upper border of buccal
(BD) and lingual terminals (LD) to the alveolar crest,
canal length (LC), and diameters of the buccal (DB)
and lingual terminals (DL). All measurements were
performed by one investigator (PP).

Statistical Analysis

Data analysis was conducted using the Statistical
Package for Social Sciences (SPSS Software, Version
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Fig. 3 Infraspinous median lingual foramen (MLF) characteristics

23.0; IBM Corp., Armonk, NY, USA). Normality was
assessed with the Shapiro-Wilk and Kolmogorov-
Smirnovtests,whichindicatedaparametricdistribution
of the data. The results were presented using means
and standard deviations. Differences between the right
and left sides and between males and females for all
MF characteristics were analyzed using paired and
independent t-tests, respectively. Differences between
supraspinous MLF and infraspinous MLF and between
males and females for all median LC characteristics
were assessed using independent t-tests. A p-value
below 0.05 was deemed statistically significant.

RESULTS

In the present study, 892 participants of age
between 25-60 years (mean age of 44.36 years) were
evaluated for the above-mentioned MF and median
LC characteristics. Among 892 participants, 452 were
males and 440 were females.

MF Characteristics

The mean distance from alveolar crest to upper
border of foramen on right side was 9.3#2.00 mm
and left side was 8.13%*1.7 mm. The mean distance
from lower border of foramen to mandibular border
on right side was 13.7#0.78 mm and left side was
12.2%£0.63 mm. The mean emerging angle on right
side was 64.1%6.2 degrees and left side was 50.7£5.4
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Right Left
MF Characteristics p value p value
Males Females Males Females
MF1 (mm) 11.09+0.6 7.5+1.08 0.00%* 9.6+0.59 6.5+0.8 0.00%*
MF2 (mm) 14.3+0.3 13.11+0.4 0.00%* 12.7+0.42 11.7+0.28 0.00%*
EA (degrees) 51.2+7.06 51.19+3.03 0.00%* 53.8+8.4 51.9+1.9 0.00%*
*Statistically significant
Tab. 1 Genderwise comparison of mental foramen characteristics on right and left sides
Variables Supraspinous MLF Infraspinous MLF p value
BD 9.42+2.4 16.6+1.9 0.00%*
LD 9.4#1.5 20+0.9 0.00*
LC 8.9+0.8 7.1+0.3 0.04*
DB 0.61+0.06 0.64+0.05 0.31
DL 0.7+0.08 0.6+0.07 0.33
*Statistically significant
Tab. 2 Comparison of supraspinous MLF and infraspinous MLF measurements
Variables Males Females p value
Supraspinous MLF 9.37+2.37 9.4+251 0.70
- Infraspinous MLF 16.5+1.8 16.7+2.08 0.50
Supraspinous MLF 9.26+1.5 9.58+1.50 0.21
- Infraspinous MLF 19.8+1.09 20.1+0.65 0.07
Supraspinous MLF 8.81+0.79 8.91+0.82 0.39
- Infraspinous MLF 7.22+0.32 7.43+0.31 0.49
Supraspinous MLF 0.61+0.069 0.62+0.063 0.24
- Infraspinous MLF 0.64+£0.94 0.64+0.097 0.72
Supraspinous MLF 0.70+0.86 0.71+0.89 0.84
o Infraspinous MLF 0.69+0.07 0.68+0.06 0.62

Tab. 3 Genderwise comparison of supraspinous MLF and infraspinous MLF measurements

degrees. On comparing the right and left sides,
there was a statistical difference (p<0.05) in terms
of all the assessed mental foramen parameters. On
genderwise comparison of MF characteristics on
right and left sides, males presented higher values
in terms of all the assessed parameters than females
and the difference was statistically significant
(p<0.05) (Table 1).

MLF Characteristics

On assessing supraspinous MLF, the mean BD, LD, LC,
DB and DL were 9.42%2.4 mm, 9.4%1.5 mm, 8.9£0.8 mm,
0.6%0.06 mm and 0.7+0.08 mm respectively. In terms of
infraspinous MLF, the mean BD, LD, LC, DB and DL were
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16.6£1.9 mm, 20+0.9 mm, 7.1+0.3 mm, 0.64+0.09 mm and
0.6+0.07 mm respectively. On comparing supraspinous
MLF and infraspinous MLF measurements, there was
a statistical difference (p<0.05) in terms of all the
parameters (Table 2). On genderwise comparison
of supraspinous MLF and infraspinous MLF
measurements, there was no statistical difference in
terms of mean BD, LD, LC, DB and DL with the p value
of more than 0.05 (Table 3).

DISCUSSION

Although oral implants are commonly used to
restore the edentulous mandible, some patients
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have experienced nerve disturbances in the anterior
mandible following implant placement. Therefore,
preoperative radiographic planning should take
into account the mandibular mental foramen and
lingual canal to prevent neurovascular complications.
This study was conducted among the South Indian
population to identify anatomical variations in the
mental foramen and median lingual foramen.

The results of this investigation showed that distance
from crest to upper border, distance from lower border
to mandibular border, and emerging angle were greater
on the right side. Additionally, males exhibited higher
mean values for these measurements. This observation
aligns with the study by Muinelo-Lorenzo J et al.(12),
who evaluated scans of 344 patients to assess the
dimensions of the MF, including the distance from MF
to crest and MF to lower border of mandible. Males
demonstrated significantly larger MF dimensions
than females, and they found that the MF dimensions
were related to both gender and mandibular side,
with the right side having larger distances than the
left. Studies on dry mandibles(13,14)revealed similar
results, demonstrating that the males had noticeably
larger dimensions, which validates the current study’s
findings. Furthermore, study by Haktanir A et al.(15)
revealed that men had higher mean values than
females and that the right side had a larger distance
from MF to crest.

Kalender A et al.(16) demonstrated greater emergence
angleamongmales.Thelocationandangleofemergence
of the mental foramen are crucial for planning dental
implant placement. A greater emergence angle might
necessitate adjustments in the diameter and length of
dental implants. Also, in cases where the emergence
angle is more pronounced, surgeons may opt to
change the entry point for the implant. Indeed, studies
have reported findings that contrast with the results
of current study, indicating that mean height from MF
to alveolar crest was greater in females(17,18). There
were no statistically significant differences between
the right and left mental foramen in a different study
by Chkoura A et al.(19), which assessed 794 panoramic
radiographs for the location and symmetry of the
mental foramina. These studies suggest that gender
and location differences in mandibular anatomy can
vary significantly across different populations.
Regarding the median lingual foramen, the present
study observed that distance from upper border of
buccal and lingual terminals to alveolar crest were
greater in infraspinous MLF than supraspinous MLF.
In case of edentulousness, thickness of crestal bone
might be insufficient to place an implant directly.
In such cases, it may be necessary to reduce bone
vertically to reach a wider and more stable section of
bone for implant placement. However, reducing the
vertical bone height can bring the implant closer to
LC. The present study found that the average distance

March 2025; 17(1) © Tecniche Nuove

from the crest of the ridge to the supraspinous MLF was
9.42%2.4 mm. This relatively short distance indicates
that during implant placement in anterior mandible,
the supraspinous MLF is a critical anatomical feature
to consider to avoid accidental damage. In contrast,
the infraspinous MLF was located at an average
distance of 16.6+1.9 mm from the crest of the ridge,
suggesting that this canal is usually at a safer distance
from typical implant sites. Chaar MS et al.(20),
explored vascular and neurosensory complications in
edentulous patients following the placement of single
implants in the mandibular midline, focusing on their
connection to lingual canals. The study reported lesser
height in relation to supraspinous and hence injury
to the supraspinous MLF may occur more commonly
during midline implant placement.

The present study also documented that the diameter
of buccal and lingual terminals was almost similar
in supraspinous MLF and infraspinous MLF, within 1
mm. If the diameter of the median lingual foramen
is greater than 1 mm, there is an increased risk of
bleeding, but this risk only materialises in the event
that the lingual cortex is perforated(21). In this study,
the average diameters were 0.61+0.06 mm for the
buccal terminal of the supraspinous MLF, 0.64+0.05
mm for the infraspinous MLF, 0.7£0.08 mm for the
lingual terminal of the supraspinous MLF, and 0.6+0.07
mm for the infraspinous MLF. Each of these average
diameters fell within the acceptable range. According
to a recent meta-analysis, the lingual canal’s diameter
is a crucial anatomical variation to take into account
when placing implants in the mandible’s midline(22).
There is also a high chance that a single midline
implant will come into contact with the lingual
foramen, according to CBCT studies on edentulous
cadaveric mandibles (23-24). The present study also
reported no gender related variations regarding MLF
dimensions, which is in agreement with previous
studies (25,26). In contrast, few studies have noted
genderwise differences in MLF dimensions(27,28).
The contrasting findings highlight the complexity
of mandibular anatomy and emphasize the need for
clinicians to consider a wide range of anatomical
variations when planning surgical interventions in
order to minimize the risk of nerve injury or other
complications. Moreover, these studies underscore
the importance of using large, diverse sample sizes in
research to capture the full spectrum of anatomical
variability. By acknowledging and understanding these
variations, practitioners can enhance their diagnostic
and treatment planning processes, ensuring more
personalized and effective care for patients.

CONCLUSION

In this study, CBCT images were used to examine
anatomical variations in the mandible, specifically the
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mental foramen and lingual canal. Findings showed
that for the mental foramen, distance from crest to
upper border, distance from lower border to mandibular
border, and the angle of emergence were all greater on
the right side. Additionally, males had higher mean
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