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ABSTRACT

Introduction

The mental foramen is located in a position where certain
dental procedures may cause inadvertent damage to the
mental nerve and lead to disorders of sensory functions
such as altered sensa-tion, complete numbness, and
neuropathic pain, which are uncommon but severe treatment
complications with significant medico-legal implications.
Hence thorough knowledge of its anatomical relation to its
surrounding structures is critical while undertaking dental
procedures.

Aim and objective

To investigate the size, shape, and position of the mental
foramen (MF), its distance from adjacent teeth and
mandibular borders, and the pattern of the inferior alveolar
canal using CBCT in the Indian subpopulation.

Design
This was a retrospective, cross-sectional study

Methods

The study evaluated 310 CBCT scans (179 males, 131
females) in axial, sagittal, and coronal planes. CBCT
scans were evaluated, mapped and measured for all the
parameters listed above based on age and sex. Data were
analyzed using ANOVA, independent‘t-test, and chi-square
test.

Results and Conclusion

The size of MF is independent of age and sex; the most
frequent shape of MF was Type Il (round); location was
below the apex of the second premolar (p>0.05). The
distance of MF from the nearest root apex decreased
with an increase in age and more in females than males
(p>0.05). Inferior Alveolar Nerve Canal (IAC) pattern was
perpendicular, and linear patterns of exit at MF were more
common than anterior loops in all age groups.
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INTRODUCTION

The inferior alveolar nerve is the largest branch of the
mandibular nerve, which traverses via the mandibular canal
along with the inferior alveolar artery and terminates into the
mental nerve (MN) and incisive nerve. The mental nerve,
along with the mental artery and vein, exists through the
mental foramen (MF), at the anterolateral surface of the
body of the mandible. ? It provides sensory innervation to
the soft tissues of the chin, lower lip, labial mucosa, lower
canines, and incisors.

The IAN exits at the mental canal (MeC), and splits into the
incisive nerve and the MN. The exit path at the MF is seen
in three different patterns; linear or straight, perpendicular or
vertical, and anterior loop (AL). &7

The usual location of the MF is between the apices of the first
and second premolars or just below the apex of the second
premolar.®*The accurate identification of the MF is essential for
diagnostic, clinical, and surgical procedures of the mandible.
To untrained eyes, the MF may be mistaken for radiolucent
lesions around the apices of the mandibular premolars and
lead to misdiagnosis and incorrect interventions.® Dental
procedures like regional anesthesia, flap elevation, osteotomy,
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Figure 1 - Sagittal view: Anteroposterior position of MF. Figure 2 — (A) Coronal view - the vertical [V] diameter and (B) Axial view:

horizontal [H] diameter.

insertion of dental implants, surgical removal of roots, teeth,
cysts, tumour or orthognathic surgeries, fixation of bone
fractures procedures, non-surgical and surgical endodontic
procedures require the operator to have thorough knowledge
about the MF, the exit pattern of the nerve and its relation to
the surrounding area.?#68

Endodontic procedures such as cleaning and shaping
may lead to over instrumentation, inadvertent extrusion of
medicament, irrigants, or chemicals used for root canal
treatment can lead to complications from pain and swelling
to mental nerve paraesthesia.'* Gutta percha though an
inert root filling material, can generate paraesthesia due
to thermal irritation and nerve compression by overfilling
thermoplastic guttapercha.®

The mental nerve is a sensory nerve, and because its
anatomic location, any invasive procedure performed
in this region may damage the neurovascular bundles?,
causing altered sensa-tion, complete numbness, and even
neuropathic pain. These complications interference with
speech, eating, drinking, shaving, or make-up applica—tion
and have medico-legal implications.®

Therefore, the knowledge of the presence and location of
the mental foramen is essential for all dental procedures
in the mandibular premolar area. This study aimed to
investigate the size, shape, and position of the mental
foramen, its distance from adjacent teeth and mandibular
borders, and the pattern of the inferior alveolar canal using
cone-beam computed tomography (CBCT) data in an
Indian subpopulation.

MATERIALS AND METHODS

Exempt status was obtained for the study by the Institutional
Review Board (ACDS/IRB/13/JAN/2021). The study was a
retrospective analysis, and 402 CBCT scans were retrieved.
All the scans were shot at a voxel size of 150um x150 pm
x150 pm and exposure settings of and 90 kV, 15 mA, 14s
with Care stream C S 8100 (CS 3D version suite 3.10.8.0)
(Care Stream Dental LLC, Atlanta, GA). The scan centre
takes a blanket consent from all patients to use their data
for scientific purposes.

Inclusion criteria for the CBCT scans were: South Indian
ethnicity (verified by surname), visibility of MF, presence
of permanent mandibular premolars and first mandibular

molars, age group 20 years or more, lack of lesion in
the apical area of premolars, and MF, and lack of bone
resorption. Exclusion criteria: patients under 20 years,
with mixed dentition, supernumerary teeth in the mental
foramen region, and CBCT scans with poor film quality,
errors, and artifacts concealing visibility of structures in the
mandible.

As this is an observational study, from a CBCT center in
Secunderabad, where the ethnicity of the paients is South
Indian. The sample size determined was based on previous
studies.?®

All the scans were assessed for eligibility against selection
criteria by a single observer to reduce bias. A total of 310
scans fulfiling the inclusion and exclusion criteria were
included in the study and categorized into three age groups
20-45 years, 46-60 years, and more than 60 years.

The CBCT scans were screened in sagittal, coronal, and
axial views, and various measurements and observations
were recorded.

In the sagittal view (Figure 1), the anteroposterior position of
MF was recorded as the following (Tebo and Telford:

(a) Below 1st premolar

(b) Between 1st and 2nd premolar

(@] Below 2nd premolar

(d) Between 2nd premolar and 1st molar
(e) Below 1st molar

The distance between the superior margin of MF and the
root apex of the nearest tooth (either premolar or mesial root
of the mandibular first molar) was measured and recorded.

In the coronal view and axial view (Figure 2), the vertical [V]
and horizontal [H] diameters of the MF were determined,
respectively. The ratio (H: V) was used to classify the form of
MF into three types based on previous studies 2 > 18-

1. Oval horizontal form (Type |, H: V > 1.24)

2. Oval vertical form (Type II, H: V < 0.76)

3. Round form (Type lll, when 0.76 < H: V > 1.24)

The distance from the superior margin of MF to the
cementoenamel junction (CEJ) and distance from the
inferior margin of MF to the lower border of the mandible
was measured in the coronal view (Figure 3).
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Figure 3 - Distance from the superior margin of MF to the cementoenamel
junction (CEJ) and distance from the inferior margin of MF to the lower
border of the mandible.

The inferior alveolar nerve canal (IAC) is classified based on
its exit path into three patterns: linear, perpendicular, and
anterior loop (Figure 4). The linear or straight pattern with the
mental canal (MeC) shows a slight curve opening directly
through the mental foramen.7 The perpendicular or vertical
patterns with the mental canal bends (MeC) perpendicularly
to the mental foramen.® The anterior loop is an extension
of the inferior alveolar nerve, anterior to the mental foramen,
before exiting the canal, traversing inferiorly and anteriorly
to it. 1

All the data was tabulated and recorded in an excel sheet
(MS Office 2010).

STATISTICAL ANALYSIS

The data were subjected to analysis using Statistical
Package for the Social Sciences (SPSS-20.0) software
package (IBM, Chicago, USA). Results showing p< 0.05 as
statistically significant.

One-way ANOVA test and Independent t-test were applied
to compare the mental foramen size, the distance of MF
from the nearest root apex, and distance from the lower
mandibular border with age and sex. A Chi-square test
was applied to compare the mental foramen type (based

Table I: Comparison of Mental Foramen size based on Age and sex

RESEARCH

Figure 4 - Inferior alveolar canal patterns: (A) Linear pattern (B)
Perpendicular pattern (C) Anterior Loop.

on its shape), the position of the mental foramen, and the
prevalence of the Inferior Alveolar Canal pattern.

RESULTS
Descriptive analysis of the demographic data revealed
the study participants as 179 male and 131 female. The
distribution consisted of ages 20- 45 years, 46-60 years,
and more than 60 years, with 228, 62, and 20 scans,
respectively.

The size of the mental foramen in terms of its horizontal and
vertical diameter varied with different age groups and sex.
One-way ANOVA test and independent ‘t-test showed no
significant differences (p>0.05) in values of the horizontal
and vertical diameters as well as the H: V ratio (Table 1) on
both sides with the age and sex of participants. The shape
of the MF was Type Il (round) irrespective of age and sex
(Table 11).

The most common position of mental foramen apropos the
adjacent teeth on the left and right side of the mandible was
found to be below the second premolar irrespective of age
and sex. (p>0.05) (Table Il and Table IV).

Left Side Right Side
Mean = SD Mean = SD Mean = SD Mean = SD Mean = SD Mean = SD H:V
Horizontal Vertical H:V Horizontal Vertical
Diameter Diameter Diameter Diameter
(mm) (mm) (mm) (mm)
20-45 2.61 +0.53 2.72 + 0.56 0.98 + 0.17 2.61 +0.52 2.75 + 0.52 0.97 + 0.21
,(t_\ge ) 46-60 2.46 + 0.45 2.62 + 0.60 0.96 +0.16 2.73 £ 0.60 2.75 +0.46 1.01 £ 0.26
in years
>60 2.56 + 0.43 2.52 + 0.49 1.083+£0.17 2.61 £0.43 2.81 £0.43 0.94 +0.14
p value 0.140 0.185 0.275 0.267 0.882 0.280
Male 2.56 + 0.50 2.69 + 0.57 0.97 £0.17 2.65 + 0.56 2.78 £ 0.51 0.97 £0.23
sex Female 2.60 + 0.53 2.69 + 0.57 0.99 + 0.17 2.61 +£0.49 2.71+0.49 0.98 + 0.20
p value 0.505 0.955 0.465 0.554 0.189 0.610

One way ANOVA test; Independent samples t test

=0
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Table Il: Comparison of Mental Foramen type in the studied subjects

Left Side Right Side
| 1l | |
Oval Oval vertical Oval horizontal Oval vertical
horizontal form form form
form n (%) n (%) n (%)
n (%)
Age 20-45 9 (3.9 34 (14.9) 185 (81.1) 10 (4.4) 39 (17.1) 179 (78.5)
46-60 2(3.2) 10 (16.1) 50 (80.6) 2(3.2) 8(12.9) 52 (83.9)
>60 2 (10.0) 1(5.0) 17 (85.0) 0 (0.0) 2 (10.0) 18 (90.0)
p value 0.525 0.659
sex Male 7 (3.9) 26 (14.5) 146 (81.6) 7 (3.9) 31(17.3) 141 (78.8)
Female 6 (4.6) 19 (14.5) 106 (80.9) 5(3.8) 18 (13.7) 108 (82.4)
p value 0.958 0.690

One way ANOVA test; Independent samples t test; p> 0.05 (not significant)

The distance of MF from CEJ with side or sex did not
significantly differ. However, its distance to the lower
border of the mandibular showed a statistically significant
difference on the right side concerning age (p< 0.05 and
sex r (p<0.05) (Table V). The distance of MF from adjacent
teeth decreased with age and more in females than males,
the results were marginally different (p>0.05).

The most commonly observed IAC pattern was
perpendicular in the age group 20-45 years, linear in 46-60
years, and for the age group >60 years, linear on the left
side and perpendicular on the right side.

The anterior loop pattern was the least prevalent. These
results were significant on the left side regarding age (p-value
<0.05). Based on sex, the most common pattern in males
and females on both sides was perpendicular, followed by a
linear pattern with no statistically significant difference (Table
V).

DISCUSSION

The accurate identification of the MF is essential for
diagnostic, clinical, and surgical procedures of the mandible.
The analysis of the mental foramen and inferior alveolar
canal can be done using techniques like manual palpation,
direct visualization during surgery, cadaveric dissection,
panoramic radiographs, periapical radiographs, magnetic
resonance imaging (MRI), computed tomography (CT),
ultrasound, and cone-beam computed tomography (CBCT).

Table llI: Position of Mental Foramen w.r.t. Age and sex on left side

17 Most technigues have limitations such as accuracy, cost,
radiation exposure, and magnification.?

High-resolution CBCT is a promising and accurate
technology for quantitatively determining the position of
MF and the presence of AL. CBCT has the advantage of
providing high-quality three-dimensional images without
distortion and serves with a precise evaluation of the
anatomical variations at much lesser radiation exposure
than CT.9 For evaluation of the MF’s location, size, and
shape, a CBCT gives accurate estimates compared to an
Orthopantogram.

In the present study, mental foramen has been studied in
terms of its size, shape, position, distance from adjacent
teeth and mandibular borders, and pattern of the inferior
alveolar canal using CBCT. A lot of research is focussed
on reading the MF and its relation to its size, anatomical
position and IAN exit.23467:9

However, this study is the first one to study the MF on
CBCT and read the exit pattern; in the Indian Subpopulation
(South Indian).

Horizontal diameter and vertical diameter values on the
right side were higher in males as compared to the values
observed in females. There was a marginal difference
difference in the size of the MF with age and sex on both the
left and right sides. These results are consistent with those
found by Ewa Zmyslowska-Polakowska et al.,?

Left Side
Below Between Below apex Between Below apex
apex of 1st 1stand 2nd of 2nd 1st molar of 1st molar
premolar premolar (n) premolar (n) and 2nd (n)
(n) premolar (n)
Age 20-45 6 (2.6%) 55 (24.1%) 147 (64.5) 11 (4.8) 9 (3.9 228 (100) 0.525
(in years)
46-60 0 (0.0) 14 (22.6) 40 (64.5) 6 (9.7) 2 (3.2 62 (100)
>60 0 (0.0 4 (20.0) 20 (80.0) 0 (0.0) 0 (0.0) 20 (100)
sex Male 4(2.2) 35 (19.6) 123 (68.7) 8 (4.5) 9 (5.0) 179 (100) 0.128
Female 2 (1.5) 38 (29.0) 80 (61.1) 9 (6.9) 2 (1.5) 131 (100)

Chi-square test, p>0.05 (not significant)
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Right Side
Below Between Below apex Between Below apex
apex of 1st 1st and 2nd of 2nd 1st molar of 1st molar
premolar (n) premolar (n) premolar (n) and 2nd (n)
premolar (n)
Age 20-45 8 (3.5) 43 (18.9) 156 (68.4) 2(0.9) 2(0.9) 228 (100)
(in years) 0.618
46-60 1(1.6) 8(12.9 47 (75.8) 6(9.7) 0(0.0) 62 (100)
>60 1(5.0) 6 (30.0) 13 (65.0) 0(0.0) 0(0.0) 20 (100)
sex Male 7 (3.9) 34 (19.0) 124 (69.3) 12 (6.7) 2(1.1) 179 (100) 0.534
Female 3 (2.3) 23 (17.6) 92 (70.3) 13(9.9) 0(0.0) 131 (100)

Chi-square test, p>0.05 (not significant)

The value obtained by evaluating the ratio of the two
diameters, i.e., horizontal diameter and vertical diameter,
was helpful in the assessment of the shape of MF. The most
frequent shape was a round shape (Type lll), and the least
was an oval horizontal (Type I). This was in contrast to the
study by Ewa Zmyslowska-Polakowska et al., in the Polish
population, where oval horizontal (Type ) was most frequent,?
and the study by Gershenson on dry mandibles, where the
elliptical shape was more frequent.®

The results were similar to the CBCT studies reported by
Shankar et al., Sekerci et al., and Alam et al., in the Indian,
Turkish, and Arabic populations, respectively. 82

Hence, the size and shape of the mental foramen vary among
different populations.

The MF was located below the apex of the second premolar,
followed by between the first and second premolar. These
results were similar to the studies carried out by Ewa
Zmyslowska-Polakowska et al., H. Mahlawy et al., Von Arx
et a/v,z,e,zw

No significant difference was found between the distance
between the MF and the apex of the nearest adjacent tooth
with age and sex; however, the distance was slightly more on
the left side in both males and females.

Distance from the mandibular lower border on the right
side is maximum for age group>60 years, followed by

46-60 years, and the least for 20-45 years age group;
the difference among these three groups was significant
(p-value 0.018). This could be because there is resorption
of alveolar bone with age, which places the MF near the
superior border of the mandible.®

In severe cases of resorption, the MF, and the adjacent part
of the mandibular canal are open at the superior margin of
the body of the mandible.??

Distance from the mandibular lower border on the right side
was significantly more in males than females (p-value 0.032).
This difference in sex can be due to the lower development
rate and bone growth of the craniofacial skeleton in females
compared to males, which is governed by sexual hormones
and local factors like masticatory forces and muscles,
resulting in lesser bone deposition along the basal bone of
the mandible. The result was similar to a study conducted
by Rani et al.,?® There is no explanation for this observation,
however, we did not read the presence or absence of
teeth. A study by Pramstraller M Et.al has suggested that
mandibular asymmetry as partially edentulous cases could
result in resorption of alveolar bone more on one side and
display a difference in the distance from the lower border. 2*

The IAC pattern is categorized into linear, perpendicular,
and anterior loop patterns. Identifying the anterior loop is
essential for preventing neurosensory alterations during
various surgical procedures in the MF region.

Table V: Comparison of distance of MF from nearest root apex, CEJ and mandibular lower border based on Age and sex

Left Side Right Side
Mean = SD Mean = SD Mean = SD Mean = SD Mean = SD Mean = SD
Distance from Distance Distance from Distance from Distance from Distance from
nearest root from CEJ mandibular nearest root CEJ mandibular
apex (mm) (mm) lower border apex (mm) (mm) lower border
(mm) (mm)
Age 20-45 2.81+£0.78 11.83 + 2.04 12.20 + 1.33 2.73+0.79 11.64 +1.87 12.07 £ 1.33
(in years)
46-60 2.77 + 0.90 11.53 + 1.86 12.24 +1.43 2.67 +0.88 11.97 + 1.93 12.47 + 1.62
>60 2.52 +0.74 12.35 + 1.83 12.08 + 1.50 2.80+0.75 11.95 + 1.53 12.82 + 1.54
p value 0.297 0.267 0.831 0.781 0.405 0.018*
Sex Male 2.77 £0.76 11.65 + 1.92 12.15 +1.39 2.71+0.80 11.77 +1.87 12.35 +1.45
Female 2.79 +0.86 12.01 + 2.11 12.26 + 1.33 2.73 +0.81 11.66 + 1.87 12.00 + 1.36
p value 0.822 0.127 0.499 0.788 0.581 0.032*

One way ANOVA test; Independent samples t test; indicates significant at p<0.05 (* significant)
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Table VI: Prevalence of inferior alveolar canal pattern

Left Side Right Side
Linear Perpendicular Linear Perpendicular AL
N (%) N (%) N (%) N (%) N (%)
Age 20-45 92 (40.4) 115 (50.4) 21(9.2) 98 (43) 113 (49.6) 17 (7.5)
46-60 34 (54.8) 21 (33.9) 7 (11.3) 30 (48.4) 29 (46.8) 3 (4.8)
>60 15 (75) 5 (25) 0 (0) 6 (30) 11 (65) 3(15)
p value 0.009* 0.473
sex Male 79 (44.1) 84 (46.9) 6 (8.9 75 (41.9) 92 (51.4) 12 (6.7)
Female 57 (43.5) 62 (47.3) 12 (9.2) 59 (45) 61 (46.6) 11 (8.4)
p value 0.832 0.663

Chi-square test; * indicates significant at p<0.05 (significant)

The most common pattern detected in the present study
was the perpendicular pattern, followed by a linear pattern
irrespective of sex, and the least common was the anterior
loop. The incidence of anterior loop pattern was similar to
a study conducted by H. Al-Mahalawy et al., in the Saudi
population, in contrast with studies by Hu et al, and
Apostolakis and Brown. 25 Whereas the difference among
the three age groups was significant, the visibility of the
anterior loop decreases with an increase in age, which may
be due to reduced calcification of the cortex, which makes
the bone remodeling slower. The increased cortical porosity
and Haversian canals show resorption of bone, resulting in
the bone marrow space enlargement and arrangement of
the trabecular pattern in a disoriented manner, affecting the
anterior loop of mental foramen visibility.2

Clinical significance of the present study-

1) Taking relevant radiographs for
therapeutic procedures is essential.

2)  Knowledge of the operator about the size, location,
and position of the MF is of great clinical relevance for
more accurate prediction of the success or failure of
the dental procedures like successful anesthesia during
nerve blocks, curettage, and root canal treatment.
Misjudgments of the position may lead to paresthesia,
bleeding, and inadvertent nerve damage.

3) In the present study, the distance from the superior
margin of MF to CEJ provides a stable and reliable
reference point in patients with periodontal diseases
that may cause resorption at the alveolar crest. This
is clinically significant as it aids in avoiding iatrogenic
errors while judging the precise position of the MF,
which is important in preventing the damage to the
neurovascular bundles exiting the MF during periapical
surgeries.

4) Regarding the IAC pattern, in the present study, the
perpendicular pattern was more common. However,
AL has clinical relevance as identifying the anterior
loop is important during various surgical procedures
in the MF region like periapical surgery, orthognathic
surgery, and hemorrhagic complications during the
transoperative period of implant placement because
individuals with an AL are more likely to suffer from
neurosensory alterations. It is recommended to leave a
‘2mm Safety zone’ between the coronal aspect of the
nerve and the intended implant.?”

diagnostic and

The limitation of the study was that only one observer
evaluated all the CBCT, thus, there could be some bias in

the interpretation. However, the observer had a strict fixed
parameter for reading and recording.

CONCLUSION

CBCT precisely determined the shape and location of
mental foramen with the neighboring anatomical structures
in the present study, and it was found that the size of MF
varies with age and sex. The most frequent shape of MF
was Type lll (round), the location was below the apex of
the second premolar, and the most common IAC pattern
observed was the perpendicular pattern. Hence, knowledge
of the anatomic proximity of the MF to adjacent root apices is
essential during endodontic treatment and while performing
various surgical procedures in the premolar area to avoid any
injury or iatrogenic complications and achieve successful
dental procedures.
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