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ABSTRACT

Aim: To determine the location of mandibular foramen (MF) and mental foramen (MeF) in 8-18-year-old children using cone beam computed
tomography (CBCT).

Materials and methods: Hundred CBCT images of children (8-18 years) were evaluated to determine the shortest distance from MF to the
anterior border of ramus (A), posterior border of ramus (P) and inferior border of the mandible (MI), most superior point of the curvature of
mandibular notch (MN), occlusal plane of the mandibular permanent molars (O), and the distance from MeF to lower border of mandible (BM)
and to the alveolar crest (AC).

Results: There was a statistical increase in A-MF, P-MF, MI-MF, MN-MF, and O-MF values with age. MF was found to be 3.53 mm below the
occlusal plane in 8-11-year-old children, and it reaches the occlusal plane by 12-14 years of age, and it moves posterior-superiorly 3.58 mm
above the occlusal plane in 15-18-year-old individuals. AC-MeF value decreases whereas the BM-MeF value increases with age and there was
a significant difference based on sex.

Conclusion: The location of the MF is just posterior to the middle of the ramus, it reaches the level of the occlusal plane by the age of 12-14 years,
and MF and MeF are shifting posterior-superiorly with increasing age.

Clinical significance: The awareness of localization of MF and MeF is of greater importance when administering regional anesthesia in mandible,
especially in children. Its position varies according to gender and age, especially during growth spurts. Failure to achieve proper nerve block
leading to repeated injection of the local anesthetic solution will not only pose a behavior problem in children but can also lead to systemic toxic
level of anesthetic solution being administered. Its accurate position enables more effective local anesthesia and improves child cooperation,
minimizing the risk of complications.
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INTRODUCTION -3Department of Pedodontics and Preventive Dentistry, RajaRajeswari

In pediatric dentistry, pain management is a crucial component to
achieve optimum patient cooperation. Local anesthesia is still a safe
and effective approach for pain management, especially inferior
alveolar nerve block (IANB), which is essential for achieving local
anesthesia for mandible.! The position of the MF and MeF varies greatly
among individuals of the same ethnicity, age, and even within the same
individual on both sides. This difference is crucial for administering a
local anesthetic to the mandible, particularly in very young patients,
as their growth and development have a significant impact on
it.>” Due to the risk of providing the local anesthetic solution above
the recommended safe dose and the potential for the child to exhibit
negative behavior, repeatedly injecting the local anesthetic solution
into children who have failed IANB can be a laborious procedure.’
For decades, dental diagnosis and treatment planning have
relied on two-dimensional (2D) imaging techniques like periapical,
panoramic, and cephalometric radiography. However, there are
significant issues with diagnosis and treatment planning with this
2D representation as it fails to address the whole details. A genuine
paradigm change is signaled by the adoption of CBCT in dentistry,
which is especially used to image the maxillofacial region, but its
utility in pediatric dentistry has not yet been fully investigated.® The
location of MF and MeF in Indian children of various age groups
using CBCT has only been evaluated in very few number of research.®°
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Taking into account the potential for variation in the size and
positioning of the MF and MeF, the aim of this study was to assess
the relative position of the MF and MeF in the south Indian pediatric
population using CBCT.

MATERIALS AND METHODS

Cone beam computed tomographicimages of children between the
ages of 8and 18 years were used in this retrospective study. Images
were taken for valid diagnostic reasons like ankylosis of the primary
tooth hindering the eruption of permanent teeth, impaction,
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supernumerary tooth, ectopic eruption, and orthodontic reasons
were retrieved from the database of RajaRajeswari Dental College
& Hospital. Approval from the ethical committee for the study was
obtained (RRDC&H/PG-241/2017-18). A total of 200 MF and MeF
were analyzed on various parameters. With the use of OnDemand
3D and SCANORA software. CBCT images were reconstructed (CBCT
apparatus: SCANORA 3D, SOREDEX, Finland). The right and left
MF and MeF of each patient were analyzed. The patient’s age and
sex were recorded, and the subjects were divided into three age
groups based on a mixed dentition growth spurtand a prepubertal
growth spurt. Group | consists of children aged 8-11 years; group Il
of children aged 12-14; and group lll of children aged 15-18.Images
were then assessed to locate the MF and MeF.

Sample Size Estimation
n="Zy _qpale’
Z(1 — a) = 1.96 (for 95% confidence interval), p=0.45,q=1-p

e (margin of error) = 0.10, N = 95.07 rounded off to 100
N =100 (total sample size)

Inclusion Criteria

Good qualities of the image with the following criteria were
selected.

- CBCTimage of individuals between the ages of 8 and 18 years.

« The premolar and molar areas on the right and left sides of the
mandible.

« Minimal to no periapical infection or root resorption in the teeth.

« No congenital or developmental defects in the mandible.

+ No history of trauma or fracture to the mandible.

Interpretation of Images

Using the CBCT machine’s OnDemand 3D and SCANORA software,
all of the images were evaluated and measured. For locating
the MF and the MeF, panoramic and coronal images were used,
respectively.

Identification of MF

- Along the inferior alveolar canal, a panoramic image was
reconstructed. Location of MF and other anatomical landmarks
were identified, and the distance between these landmarks
was measured (Fig. 1). Distance between MF from different
landmarks in the mandible.’

Identification of MeF

+ The following measurements were noted after reconstructing
the coronal view of MeF (Fig. 2).

MEF-A The shortest distance between the anterior
border (A) and the MF.

MEF-P The shortest distance between the posterior
border (P) and MF.

MF-MI The shortest distance between the inferior
point of the mandibular incisura (MI) and MF.

MF-MN The shortest distance between the most
superior point of the curvature of the
mandibular notch (MN) and MF.

MF-O The distance between the straight line of the

cusps of the mandibular permanent molars
(0) and MF.
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To compare the superior and inferior positions of the MeF, three
tangents were created, one at each of the superior margins of the
MeF, the AC, and the BM, and the following measurements were
recorded (according to Sheikhi and Kheir 2016).!°

MeF-AC Distance between MeF to the
alveolar crest.
MeF-BM Distance between MeF to the base of

the mandible.

Distance between MeF from different landmarks in the mandible.

STATISTICAL ANALYSIS

Independent Student’s t-test, Student’s paired t-test, one-way
analysis of variance (ANOVA) followed by Tukey’s post hoc
analysis were utilized to compare the various linear distances
associated with MF and MeF based on the various age groups.
The level of significance was fixed at 0.05. Statistical Package for
Social Sciences (SPSS) v.22 (IBM Corp.) for Windows was used to
analyze the data.

14.03 [mm]

16.06 [mm]

1.45 [mm]

12.10 [mm]

24.50 [mm]

Fig. 1: Assessment of MF using CBCT: landmarks used in the present
study

12.15 [mm]

11.59 [mm]

Fig. 2: Assessment of MeF using CBCT: location of the MeF. Landmarks
used in the present study. The superior margin of the MeF, the AC, the BM
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REesuLTs

Table 1 shows the mean distance of different anatomical landmark
pointsin relation to MF based on age (one-way ANOVA test followed
by Tukey’s post hoc analysis). The A-MF (p = 0.04), P-MF (p < 0.001),
MI-MF (p < 0.001), MN-MF (p < 0.001), and O-MF (p = 0.001) values
increase significantly with age. In children aged 8-11 years, MF was
found to be 3.53 mm [standard deviation (SD) 1.35 mm] below the
occlusal plane of erupted permanent molar. For 12-14-year-old
children, MF has advanced posterior-superiorly, and it reaches the
occlusal plane around 13 years and is about 3.58 mm (SD 107 mm)
above the occlusal plane in 15-18-year-old groups. In the horizontal
plane, the position of MF is more posterior to the midpoint of the
anteroposterior width of the ramus.

The location of MF does not differ significantly on the
right and left sides among males and females, and it maintains
bilateral symmetry (Figs 3 and 4). Based on sex, the location of MF
does not differ significantly, and there was a notable difference in
the location of MeF from the base of the mandible. The location

of the MeF did not differ significantly from the alveolar crest, and
the distance was more in males than that in females (Table 3).

Age significantly affected the values of the AC-MeF and
BM-MeF (p<0.001), and the AC-MeF value significantly dropped
from 12.12 mm (SD 1.02) in group | to 10.56 mm (SD 1.37 mm) in
group Il (Table 2) and 10.68 mm (SD 1.10 mm) in group Ill. There was
asubstantial rise in the BM-MeF value from 12.85 mm (SD 1.30 mm)
in group | to 13.59 mm (SD 1.18 mm) in group Il and 14.90 mm
(SD 1.50 mm) in group lll.

Discussion

Determining the precise anatomic location of the MF and MeF is
crucial to preventing any negative effects, such as hemorrhage
and long-term neurologic damage brought on by the transection
of the neurovascular bundle during the administration of local
anesthesia or surgical procedures in the mandible.!" Due to its
precise positioning, local anesthetic works better, and the child’s
health and cooperation are improved. The mandible is found to go

Table 1: Anatomical landmark points in relation to MF using one-way ANOVA test followed by Tukey’s post hoc analysis

Points Age groups N Mean SD Min Max p-value Significant difference p-value
A-MF 8-11 years 32 13.97 1.46 10.8 171 0.04* Alvs A2 0.72
12-14 years 33 13.65 2.01 10.3 17.2 Alvs A3 0.25
15-18 years 35 14.61 141 11.5 17.5 A2 vs A3 0.04*
P-MF 8-11 years 32 11.67 1.48 8.2 15.2 <0.001* Alvs A2 <0.001*
12-14 years 33 13.34 1.94 9.5 16.7 A1lvs A3 0.35
15-18 years 35 12.24 1.56 9.6 15.8 A2 vs A3 0.02*
MI-MF 8-11 years 32 21.47 1.66 18.3 24.7 <0.001** Alvs A2 043
12-14 years 33 22.05 2.22 17.8 274 A1vs A3 <0.001%**
15-18 years 35 26.31 1.65 21.3 304 A2 vs A3 <0.001**
MN-MF 8-11 years 32 14.08 1.94 11.6 18.8 <0.007** Alvs A2 <0.001**
12-14 years 33 16.50 1.75 12.0 19.8 Alvs A3 0.03*
15-18 years 35 15.29 1.99 11.5 21.2 A2 vs A3 0.03*
O-MF 8-11 years 32 -3.53 1.35 -6.2 -1.3 <0.001** A1vs A2 <0.001**
12-14 years 33 -0.43 2.26 -3.9 3.7 A1vs A3 <0.001**
15-18 years 35 3.58 1.07 1.4 5.6 A2 vs A3 <0.001**

*p < 0.05 statistically significant; **p < 0.001 is highly significant; SD, standard deviation

Mean distance (in mm)

A-MF

P-MF
M Right

MI-MF ~ MN-MF

M Left

O-MF

Fig. 3: Location of MF based on side among males. Mean distance (in
mm) at different anatomical landmark point’s in relation to MF between
right and left sides among males
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Fig. 4: Location of MF based on side among females. Mean distance (in
mm) at different anatomical landmark points in relation to MF between
right and left sides among females
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Table 2: Anatomical landmark points in relation to MeF using independent Student’s t-test

Points Gender N Mean SD Mean difference t-test p-value
AC-MF Males 45 11.22 1.22 0.22 0.792 0.43
Females 55 11.00 1.47
BM-MF Males 45 14.22 1.53 0.75 2431 0.02*
Females 55 13.47 1.54
*Statistically significant; SD, standard deviation
Table 3: Localization of MeF based on age-wise comparison of mean distance of difference
Points Age groups N Mean SD Min Max p-value® Significance difference p-value®
AC-MF 8-11 years 32 12.12 1.02 9.4 13.6 <0.001* AT vs A2 <0.001*
12-14 years 33 10.56 1.37 7.8 12.8 Alvs A3 <0.001*
15-18 years 35 10.68 1.10 9.1 12.8 A2 vs A3 0.91
BM-MF 8-11 years 32 12.85 1.30 11.3 154 <0.001* Al vs A2 0.07
12-14 years 33 13.59 1.18 11.2 15.6 Alvs A3 <0.001*
15-18 years 35 14.90 1.50 11.2 18.6 A2 vs A3 <0.001*

*Statistically significant; SD, standard deviation; ? p-value obtained by One-way ANOVA; ® p-value obtained by Tukey’s HSD post hoc analysis

through a continuous remodeling phase in a developing person,
and distinct anatomical parts display varied differential growth
patterns.® In particular, the anterior border of the ramus and the
crest of the alveolar bone, where it indirectly affects the position
of the MF and hence the anesthetic procedure in mandible. Tooth
emergence and tooth loss are the most significant factors that
contribute to the bone remodeling process.">%>'2

Conventional radiographic methods, such as panoramic, lateral
oblique, and cephalometric radiography, have frequently been used
in studies to pinpoint the location of the MF and MeF; however,
these methods have some drawbacks, including magnification of
image, superimposition, and a lower diagnostic value.'®

For analyzing anatomical landmarks, CBCT has been regarded
as the “gold standard” since it offers an imaging solution without
any projection mistakes brought on by magnification and
superimposition issues.''>

There have been very few studies done on the anatomical
location of the MF and MeF in the pediatric population of
India."” Therefore, the purpose of this study was to locate the
MF and MeF according to age, sex, and side utilizing anatomical
landmarks on CBCT images.

In this study, we found that A-MF (p = 0.04), P-MF (p = 0.001),
MI-MF (p = 0.001), MN-MF (p = 0.001), and O-MF (p = 0.001) values
increased statistically with age (Table 1). Altunsoy et al.> used CBCT
to analyze children and adolescents between the ages of 8 and
18 years, and the study found that P-MF, MI-MF, and MN-MF values
significantly increased with age. He also found that MN-MF, MI-MF,
and A-MF values in females were statistically greater than those in
males, whereas, in our study, we found that P-MF, MN-MF, and O-MF
values were higher in females. We also found that superior-inferiorly
between the MN to the MF (MN-MF) distance was 14.08 mm
(SD 1.94 mm), which increased in group Il and decreased to 15.29in
group lll. The disparity in regional growth at various jaw angles during
Hellman’s stages of dental development may help to explain it."

The radiographic study by Poonacha et al.? using
orthopantomogram in growing children between 3 and 13 years
of dental age concluded that the mandible and its growth did
not alter the position of the MF, both vertically and horizontally,
concerning different landmarks, which was in contrast to our
findings. Tsai'® reported a variation in the distance between MF and
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anterior and posterior border of mandible, which was in agreement
with our study.

According to research by Krishnamurthy et al.” using panoramic
radiographs on children aged 7-12, MF is located posterior to the
midpoint of the anteroposterior width of the ramus and is reported
to be 13.0-13.9 mm from the deepest point of the coronoid notch
for the 9-10-year age group which supports our study.

In an anatomical study by Thangavelu et al., it was found that
from the coronoid notch, MF is situated at an average of 19and 5 mm
inferior to the midpoint of the condyle to inferior border distance.”

Similar to our findings, Afsar et al.,'® Hetson et al.,'® Mwaniki
etal.’®and Oguz and Bozkir?' reported that the MF was positioned
just posterior to the center of the ramus. Contrary to our findings,
Hayward et al.?2 and Bremer? claimed that the MF was situated in
the third quadrant of the ramus.

In our study, it was discovered that in 8-11-year-old children,
the MF was located 3.53 mm (SD 1.35 mm) below the occlusal
plane of erupted permanent molars; at 12-14 years of age, it
reached the occlusal plane and moved posterior-superiorly with
age, in 15-18-year-old individuals the foramen was about 3.58 mm
(SD 107 mm) superior to the occlusal plane (Table 1). In a study by
Pereira et al. looking at children aged 4-12 years, it was discovered
that MF was identified in 65% of instances below the occlusal
plane.?* By the age of 13, MF ascends superiorly above the occlusal
plane; according to Ashkenazi et al., this supports our research.? In
contrast to the results of our investigation, Afsar et al. came to the
conclusion that there was no change in the distance between
the MF and occlusal plane.”® Nevertheless, research by Hwang
et al. found that at age 3, the MF was situated 4.12 mm below the
occlusal plane. It had reached around the level of the occlusal
plane by the age of 9. In an adult group foramen moves superiorly
about 4.16 mm above the occlusal plane.?® According to research
by Kilarkaje et al., MF maintained bilateral symmetry similar to our
study findings (Figs 1 and 2).'®

The MeF was located bilaterally symmetrically, and the age
effect on the AC-MeF and BM-MeF values was substantial (p <
0.001) (Table 3). According to a study by Kalender et al. using CBCT
images, the distance between the MeF and the lower border of
the mandible was higher in males, which is in accordance with this
study (Table 2).%
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The AC-MeF value significantly decreased from 12.12 mm (SD 1.02)
in group | and 10.68 mm (SD 1.10 mm) in group I, and 10.56 mm
(SD 1.37 mm) in group Il (Table 2). Similar outcomes were found by
Kalender et al. in their research.?’ There was a considerable rise in the
BM-MeF value from 12.85 mm (SD 1.30 mm) in group | to 13.59 mm
(SD 118 mm) in group Iland 14.90 mm (SD 1.50 mm) in group Ill. The
majority of the MeF, according to Gershenson et al., was situated
across the first deciduous molar root.?® According to the results of
our study, the MeF was often found between the first and second
primary molars, and their position shifted superiorly with age.

As demonstrated in this study and earlier investigations, the
distance between the MF and MeF to the landmarks can change
as a result of the increase in the sagittal size of the mandibular
structures with age.

Therefore, itis challenging to assert that there is a definite value
for any distance or ratio of the MF, and this value can change in
different populations. These variances may be due to differencesin
growth, demography, and/or measurement methods. According to
the data, the MF is situated just posterior to the center of the ramus,
it advances to the occlusal plane of the molars at 13 years of age
and then moves posterosuperiorly, and the A-MF, P-MF, MN-MF,
MI-MF, and O-MF values rise with age. As people age, the MeF shifts
posterosuperiorly while MF and MeF preserve bilateral symmetry.

CoNCLUSION

« The location of MF and MeF preserves bilateral symmetry, and
theirlocations differ depending on age and gender, as well as the
size, width, height, growth, and development of each individual
in different age groups.

« The MFis situated just posterior to the middle of the ramus, and
there is an age-related increase in A-MF, P-MF, MI-MF, MN-MF,
and O-MF values.

+ Children aged 8-11 years were found to have MF 3.53 mm below
the occlusal plane of the erupted permanent molars, reaching
the mandibular occlusal plane at 12-14 years of age, moving
posterior-superiorly with age, and 3.58 mm above the occlusal
plane in those aged 15-18 years.

- There was a significant decline in the AC-MeF value and a
significant increase in the BM-MeF value with age.

« The current study shows that CBCT can accurately reveal
information regarding the anatomical location of MF and MeF.

LiMITATIONS

The radiographs used in our study were taken from a database,
which made itimpossible to evaluate each subject’s nutritional state
or general health, both of which have an impact on their growth
and development. Additionally, this study failed to evaluate the
MF and MeF's position on ethnic grounds other than the South
Indian population.

It will be necessary to perform additional studies in the future
based on the localization of MF and MeF from various anatomical
landmarks using CBCT on large patient populations.

CLINICAL SIGNIFICANCE

When delivering local anesthetic to the mandible, especially in
children, understanding the location of the MF and MeF is very
crucial. Its location changes with age and gender, particularly
during growth spurts. Children may exhibit behavioral issues due
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to frequentinjections of the local anesthetic solution if an effective
nerve block is not achieved. Additionally, systemic hazardous levels
of anesthetic solution may be provided. Its precise positioning
permits more effective local anesthetic, better child cooperation,
and reduces the likelihood of complications.
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