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Abstract

Background The 3D position of the mental foramen (MF) is of significant clinical value in dental implantology and
mandibular surgeries or in local anesthesia. Despite its importance, it is not clearly known how the position of MF can
alter in different individuals, since the literature on the associations between the MF position with vertical growth
patterns is non-existent and those on links between the MF position and skeletal malocclusions are scarce. Therefore,
we aimed to investigate these, for the first time, on cone-beam computed tomographies (CBCTs).

Methods Archival CBCTs of 9 sub-groups (i.e., 3 skeletal Classes |, Il, and Ill X 3 vertical growth patterns‘long face,
short face, normal face’) were collected by evaluating patients' SNA, SNB, ANB, facial angle, lower facial height,

and FMA (n=9x40=360). Included cases were older than 17 years and without any history of orthodontic/
orthognathic treatments (243 women, 117 men, mean age: 22.28 +2.80 years). Perpendicular distances between
the MF and 3 fixed bony structures (the mandibular symphysis [S/width], the mandibular ramus [R/length], and the
mandibular lower cortex [C/height]) were measured on different sectional planes on both hemimandibles. Left-
and right-side measurements were combined. Data were analyzed using the 3-way ANCOVA, Bonferroni, one-way
ANOVA, Tamhane, Pearson, and t-test (a=0.05).

Results Width was the smallest in Class Il and greatest in Class IIl cases (all P values < 0.000001, Bonferroni). It was
the shortest in long faces and longest in short faces (all P values < 0.00008). The inferior-superior height was larger in
Class lll than both Classes | and Il (both P values <0.003); there was no significant difference between Classes | and |l
in terms of height (P=0.684). Height was the largest in long faces and smallest in short faces (all P values <0.000001).
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should be noted in mandible surgeries.

The anterior-posterior length was the largest in Class Il and smallest in Class Il (all P values <0.000001). Length was
larger in short-face people versus normal- or long-face individuals (P <0.00003); nevertheless, long and normal faces
did not differ in terms of length (P=0.448). Subjects’ age was not correlated with their MF positions (P>0.579, Pearson
coefficient). Sex dimorphism existed only for height (P=0.009, t-test) but not for length or width.

Conclusions The MF position may considerably differ in various horizontal or vertical growth patterns and sexes. This

Keywords Surgery, Implantology, Anatomy, Mental Foramen, Orthodontics, 3D position, Skeletal Malocclusion
(classification), Vertical Growth patterns, Age, Sex dimorphism

Introduction

Inserting dental implants and performing other surgical
operations as well as the administration of local anes-
thesia in a great area of the mandible need utmost care
regarding the safety of the mental foramen (MF) [1-3].
The MF is a bilateral opening on the anterior surface of
the mandible, from which the terminal branch of the
inferior alveolar nerve (mental nerve) and blood vessels
protrude [1-3]. The mental nerve unilaterally provides
sensory innervation for the lower lip, the labial mucosa,
the lower canine, and the lower premolars [4]. Since the
mandible is constantly growing, the exact location of the
MEF depends on age, sex, ethnic origin, shape, size, and
symmetry of the skull and facial structures [1-3, 5, 6].
For example, in the elderly, due to the atrophic mandible,
the mental foramen shifts upward, while in children, it is
lower and closer to the inferior border of the mandible
[7].

Since the MF is not clinically palpable and its location
varies on the buccal surface of the mandibular body, the
knowledge of its exact location, shape, size, and num-
ber of MFs is essential for various clinical dental proce-
dures [8]. Accurate locating of the MF is vital for proper
treatment planning, regional anesthesia, deciding about
the incision length and location, or decision on the flap
height, osteotomy, and implant placement; accordingly,
the awareness of its site is key to preventing damage,
either transient or irreversible, to the neurovascular bun-
dle [1, 8, 9].

Maxillofacial growth patterns may affect the treat-
ment planning because variations across individuals
alter the position of some anatomical structures. In this
regard, faces are categorized in the vertical and horizon-
tal dimensions. Through the vertical dimension, facial
growth patterns are described as long, normal, and short
faces [10]. The horizontally categorized patterns on the
sagittal plane comprise the Class I (normal), Class II, and
Class III [1, 11].

In various studies, two-dimensional (2D) radiographic
techniques such as panoramic [12] and cephalometric
[13] radiograms have been used to determine the loca-
tion of the MF. Due to the limited overlap of structures
in 2D radiographic techniques, they cannot accurately

determine the MF’s position. For this reason, a radio-
graphic method using three-dimensional (3D) technology
is more valuable than the 2D radiographic techniques [8,
14, 15]. Cone-beam computed tomography (CBCT) is a
3D radiographic approach that overcomes the limitations
of conventional radiography by producing 3D images
[16]. CBCT is helpful in providing complete information
about the jaw and face structure and thus can be used to
assess anatomical features and identify any pathologies
[17].

Studying the MF anatomy is valuable: Knowing the
correct position of the MF and its anatomical variations
is important in many dental surgeries. The position of
mental foramen can differ across various ethnic groups
[18], marking the importance of conducting studies on
this matter in different populations. Besides, the exist-
ing studies on this regard are mostly controversial and
lack a large sample [19-23]. More importantly, the litera-
ture regarding the associations between the anatomy of
mental foramen with horizontal or vertical facial growth
patterns is quite scarce; they are also limited by meth-
odological shortcomings, rather small samples, and/or a
rather narrow span of the assessed variables [1]. Finally,
to the best of our knowledge, there is no study on the link
between the position of the MF and the vertical growth
pattern of the person (i.e., long face, short face, and nor-
mal face). Therefore, this two-way balanced CBCT study
aimed to examine the associations between the position
of the mental foramen with different vertical growth pat-
terns and horizontal skeletal Classes.

Materials and methods

Patients and study design

This large, balanced retrospective cohort study was per-
formed on the archival CBCTs of 360 patients referred to
the radiology department of Ahvaz Jundishapur Univer-
sity of Medical Sciences: 3 skeletal malocclusion groups,
each including 120 patients — also at the same time, 3
vertical growth patterns, each including 120 patients.

All the CBCTs were archival and no patient was
exposed to any X-ray due to this study. No personal
information was collected. Therefore, no patient was
harmed by this study. Since this study was performed
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on retrospectively taken anonymized human data, the
need for informed consent to participate was waived
by the Institutional Review Board of Ahvaz Jundisha-
pur University of Medical Sciences, Ahvaz, Iran (ethics
number: IR.AJUMS.REC.1400.120). This retrospective
cohort study and its ethics were approved by the Ethics
Committee of Ahvaz Jundishapur University of Medi-
cal Sciences (ethics code: IR AJUMS.REC.1400.120). All
methods were performed in accordance with the relevant
guidelines and regulations (including the Declaration of
Helsinki).

Eligibility criteria

The inclusion criteria for selecting patients were as fol-
lows: the mental foramen should be visible, the presence
of the mandibular teeth at least up to the first molar,
the teeth were fully erupted and without severe caries,
and without any history of any orthodontic treatment.
Excluded were patients younger than 18 years of age with
crowding, spacing between the teeth, or any orthodontic
appliances. Also excluded were cases with the presence of
a fracture or lesion that might prevent an accurate diag-
nosis of the mental foramen, and the presence of bone
resorption around the teeth.

Sample size

Since there was no similar study to use for power calcu-
lations, we aimed to collect a sample much larger than
previous (remotely similar) studies. The sample size was
pre-determined as greater than 2.5 times the size of a
2022 study that had some similarities to this research [1].

Data curation

The sample was collected consecutively from the archives
until acquiring 360 cases in a two-way balanced way,
i.e., the sampling procedure continued until acquiring 9
sub-groups of 40 each, consisting of 9 various combina-
tions of the 3 skeletal Classes and the 3 vertical growth
patterns. In other words, sampling was carried out until
acquiring 120 subjects in each of the 3 skeletal maloc-
clusions (Classes I, II, and III) and simultaneously until
obtaining 120 subjects in each of the 3 vertical growth
patterns (short face, normal face, and long face). For
finding and diagnosing these cases, cephalogram con-
structs of CBCTs were created for each patient; then,
certain cephalometric measurements were measured
on them (detailed below). Each of the skeletal malocclu-
sion groups ‘the Class I, Class II, and Class III’ (n of each
=120) would include the same number of ‘short face, nor-
mal face, and long face’ subjects (n of each of the 9 sub-
groups=40). At the same time, each of the groups ‘short
face, normal face, and long face’ would have the same
number of patients from Classes I, II, and III (n of each of
the 9 sub-groups=40).
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CBCT settings

A CBCT device (NewTom VGi, QR, and Verona, Italy)
with a field of view (FOV) of 15x15 was used. All scans
were taken with the exposure conditions of 110 KVp and
7.2 MA and with a voxel size of 0.300 mm?. All patients
were in the upright position and instructed not to swal-
low or move their head or tongue while scanning.

All scans were analyzed using specialized computer
software (NNT viewer v9, QR, Verona, Italy). Simulated
lateral cephalographs were created from CBCT volumes.
Images were viewed in a semi-dark room on a moni-
tor screen (LED, flat screen, 14 inch) with a 1920x 1080
resolution.

Cephalometric analysis

An orthodontist performed all cephalometric analyses.
To determine the skeletal Classes of patients as well as
their vertical growth patterns, the following analyses and
measurements were used: Down analysis (including the
SNA, SNB, ANB angles [the angles between sella, nasion,
A point, and B point]), Tweed analysis (including the
mandibular plane angle and the FMA [Frankfurt-Man-
dibular plane angle]), and Ricketts analysis (including the
facial angle [the angle between the N-Pog line and the
Frankfurt plane] and the lower facial height [the distance
between the anterior nasal spine and menton]) [24].
The cephalometric variables SNA, SNB, ANB, and the
facial angle were used to determine the horizontal skel-
etal Classes, while FMA and the lower facial height were
used to determine the vertical growth patterns [24]. The
normal ranges for the evaluated cephalometric variables
were as follows: SNA: 80£2 °, SNB: 78+2 °, ANB: 0-2 °,
facial angle: 87-93 °, lower facial height: 44—46 mm, and
FMA: 20-30 ° [24].

The 3D position of the mental foramen

Two trained observers (blinded to the cephalometric
measurements and the skeletal malocclusions and ver-
tical growth patterns of patients) jointly analyzed mul-
tiplanar CBCT reconstructions to identify the mental
foramen on both the left and right hemimandibles. Three
parameters were used to determine and quantize the 3D
position of the MF with respect to the fixed bony struc-
tures around it.

S The perpendicular distance to the mandibular sym-
physis on the axial plane (Fig. 1). This distance shows the
horizontal “width” dimension.

C The perpendicular distance to the inferior cortex of the
mandible on the cross-sectional plane (Fig. 2). This dis-
tance represents the inferior-superior “height” dimension.
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Fig. 1 The parameter S (width) or the perpendicular distance to the

symphysis on the axial plane. This distance shows the horizontal “width”

dimension

Fig. 2 The parameter C (height) or the perpendicular distance to the in-
ferior cortex of the mandible on the cross-sectional plane. This distance
represents the inferior-superior “height” dimension
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R The perpendicular distance to the anterior border of
the ramus on the parasagittal plane (Fig. 3). This distance
indicates the anterior-posterior “length” dimension.

Most patients had both left and right mental foramens.
Few patients had only one mental foramen. If a patient
had both the left and right mental foramina, for each of
the above 3 parameters of the left and right mental fora-
mens, the average of both foramens would be calculated
for that patient. If a patient had only 1 mental foramen
(and lacking the second one), for each of the above 3
parameters, only 1 value would be recorded for that
patient and there would be no averaging.

Intraobserver agreement

To calculate the intraobserver agreement, one of the
observers randomly selected 4 cases from each of the 9
subgroups (n=36), and measured the variables C, R, and
S for mental foramens again. A Cronbach Alpha was cal-
culated for each of the variables to examine the intrao-
bserver agreement. The intraobserver agreement for
the S parameter was perfect (Cronbach Alpha=0.990,
P<0.000001); so were the intraobserver agreements for C
(Cronbach Alpha=0.988, P<0.000001) and R (Cronbach
Alpha=0.979, P<0.000001).

Statistical analysis

Descriptive data and 95% confidence intervals (CI) were
calculated. The groups were compared using the follow-
ing tests: a 3-way analysis of covariance (ANCOVA) fol-
lowed by a Bonferroni post hoc test, a 1-way analysis of
variance (ANOVA) followed by a Tamhane post hoc test,
a chi-squared test, and an independent-samples t-test.
Also, a Pearson correlation coefficient was used to test
the link between age and the 3D position of the MF. The
software in use was SPSS 25 (IBM, Armonk, NY, USA).
The level of significance was set at 0.05.

Results

A total of 1253 CBCTs were evaluated against the eligi-
bility criteria until finding 9 sub-groups of 40 cases each
(360 cases). There were no missing data. There were 243
women and 117 men with a mean age of 22.28+2.80
years. The mean (SD) age of patients of skeletal Classes I,
I, and III were 22.27+2.89, 22.28+2.72, and 22.31+2.81
years, respectively (min=18, max=28 for each of the 3
groups). There was not a significant difference between
the ages of these 3 groups (t-test, P=0.993). The mean
(SD) age of patients in vertical growth patterns ‘short
face, normal face, and long face’ were respectively
22.35+3.09, 22.22+2.57, and 22.28+2.75 years (min=18,
max=28 for each of the 3 groups). There was not a signif-
icant difference between the ages of these 3 groups either
(t-test, P=0.935).
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Fig. 3 The parameter R (length) or the perpendicular distance to the anterior border of the ramus on the parasagittal plane. This distance indicates the
anterior-posterior “length” dimension

In vertical growth patterns ‘short face, normal face, and
long face; there were 91, 80, and 72 women, respectively.
In these groups, there were 29, 40, and 48 men, respec-
tively. The chi-square test showed a slight but statistically
significant difference between the distributions of sexes
across these 3 groups (P=0.032). In skeletal Classes I, II,
and III there were respectively 85, 81, and 77 women, and
35, 39, and 43 men. The sexes were similarly distributed
across these 3 Classes (P=0.545, chi-square).

Mandibular plane angle

In vertical growth groups ‘short face, normal face, and
long face, there were respectively 79, 13, and 0 cases
with low mandibular plane angles, 41, 60, 44 cases with
normal mandibular plane angles, and 0, 47, and 76 cases
with high mandibular plane angles. The distributions of
mandibular plane angles differed significantly across the
groups ‘short face, normal face, and long face’ (P=0.000,
chi-square). The mandibular plane angles in horizon-
tal skeletal Classes were as follows: In Classes I, 1I, and
II1, there were respectively 33, 40, and 19 low angles, 52,
47, and 46 normal angles, and 35, 33, and 55 high angles.
These mandibular angle distributions were significantly
different among skeletal Classes I, II, and III (P=0.004).

Cephalometrics

Descriptive statistics and 95% Cls for the cephalometric
variables as well as the results of the one-way ANOVA
comparisons across different skeletal Classes and also

among different vertical growth patterns are presented as
Tables 1 and 2. The Tamhane post hoc test showed that
all the pairwise comparisons performed after the signifi-
cant ANOVAs were significant (all P values<0.000001).
The ANOVA showed that only FMA and the lower facial
height were not significantly different across Classes I,
II, and III (Table 1). The Tamhane post hoc test showed
that all the ensued pairwise comparisons were significant
(all P values<0.000001). Regarding the vertical growth
patterns, only the ANOVA comparisons pertaining to
the FMA and the lower facial height had become sig-
nificantly different among the vertical growth patterns
(Table 2). The Tamhane post hoc pairwise comparisons
were all significant (all P values <0.000001).

MF position

Descriptive statistics and 95% Cls for the MF parameters
in all the sub-groups are presented in Table 3; Figs. 4, 5
and 6.

o S (Width): Perpendicular distance to the symphysis
in the axial plane.

For the parameter S (width), the 3-way ANCOVA
(adjusted R-squared=0.974, Fig. 4) showed that the
effects of age (P=0.078) and sex (P=0.170) were insig-
nificant. The effects of horizontal skeletal Classes
(P<0.000001) and vertical growth patterns (2<0.000001)
were significant. Regarding skeletal Classes, all pairwise
comparisons became significant (all P values<0.000001,
Bonferroni); S was the smallest in Class II and longest
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Table 1 Descriptive statistics and 95% Cls for cephalometric variables in different skeletal Classes. The P values are computed using

the one-way ANOVA.

Parameter Class N Mean SD 95% ClI Min Max P
SNA | 120 80.55 0.73 8042 80.68 79.0 82.0 <0.000001
] 120 82.88 1.39 82.63 83.13 80.0 85.0
] 120 79.63 1.09 79.44 79.83 78.0 82.0
Total 360 81.02 1.76 80.84 81.20 78.0 85.0
SNB | 120 79.23 0.78 79.08 7937 78.0 81.0 <0.000001
Il 120 77.31 1.14 77.10 7751 76.0 79.0
] 120 83.08 1.54 82.81 83.36 81.0 88.0
Total 360 79.87 2.68 79.59 80.15 76.0 88.0
ANB | 120 1.32 0.74 1.18 145 0.0 20 <0.000001
] 120 5.58 1.59 529 5.86 20 9.0
1] 120 -345 1.60 -3.74 -3.16 -7.0 -1.0
Total 360 1.15 394 0.74 1.56 -7.0 9.0
Facial Angle | 120 89.89 142 89.63 90.15 87.0 929 <0.000001
Il 120 84.37 1.25 84.14 84.59 81.5 88.3
] 120 94.50 0.82 9436 94.65 926 95.9
Total 360 89.59 4.32 89.14 90.03 81.5 95.9
FMA | 120 26.04 6.71 24.82 27.25 16.1 359 0.992
] 120 26.11 6.55 2492 27.29 16.1 359
] 120 26.15 6.64 2494 27.35 16.1 359
Total 360 26.10 6.62 2541 26.78 16.1 359
Lower Facial Height | 120 45.32 345 44.70 45.94 392 50.8 0.854
Il 120 45.07 3.68 44.40 45.74 39.1 50.8
] 120 45.13 361 4448 45.78 39.0 509
Total 360 45.17 357 44.80 45.54 39.0 509

SD, standard deviation; Min, minimum; Max, maximum

in Class III cases. Similarly, all pairwise comparisons
between different vertical growth patterns became sig-
nificant (all P values<0.00008); S was the shortest in long
faces and the largest in short faces. The only significant
interaction was that of horizontal skeletal Classes and
vertical growth patterns (P<0.000001).

o C (Height): Perpendicular distance to the
mandibular inferior cortex on the cross-sectional
plane.

For the parameter C (height), the 3-way ANCOVA
(adjusted R-squared=0.922, Fig. 5) showed that the
effects of age (P=0.198) and sex (P=0.886) were non-
significant. The effects of horizontal skeletal Classes
(P=0.00002) and vertical growth patterns (2<0.000001)
were significant. Regarding skeletal Classes, pairwise
comparisons between Class III and each of Classes I or
II became significant (both P values<0.003, Bonfer-
roni), C being larger in Class III than both Classes I
and II. However, there was not a significant difference
between Classes I and II in terms of the parameter C
(height) (P=0.684). All pairwise comparisons between
different vertical growth patterns became significant
(all P values<0.000001); C was the largest in long faces

and smallest in short faces. The only significant interac-
tion was between horizontal skeletal Classes and vertical
growth patterns (P=0.00002).
o R (Length): Perpendicular distance to the anterior
border of the ramus on the parasagittal plane.

For the parameter R (length), the 3-way ANCOVA
(adjusted R-squared=0.960, Fig. 6) showed that the
effects of age (P=0.065) and sex (P=0.979) were insig-
nificant. The effects of horizontal skeletal Classes
(P<0.000001) and vertical growth patterns (2<0.000001)
were significant. Regarding skeletal Classes, all pairwise
comparisons became significant (all P values<0.000001,
Bonferroni); R was the largest in Class III and smallest
in Class II. In terms of vertical growth patterns, pair-
wise comparisons between R values in short-face people
versus normal- or long-face individuals were significant
(both P values<0.00003, Bonferroni) with short-face
patients having the largest R values. However, there was
not a significant difference between R values measured in
long faces versus normal faces (P=0.448). The only sig-
nificant interaction was that of horizontal skeletal Classes
and vertical growth patterns (P<0.000001).
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Table 2 Descriptive statistics and 95% Cls for cephalometric variables in different vertical growth patterns. The P values are computed

using the one-way ANOVA.

Parameter Vertical growth N Mean SD 95% ClI Min Max P

SNA Short face 120 81.09 1.91 80.75 81.44 780 85.0 0.855
Normal face 120 80.97 1.69 80.66 81.27 78.0 85.0
Long face 120 81.01 1.68 80.71 81.31 78.0 85.0
Total 360 81.02 1.76 80.84 81.20 78.0 85.0

SNB Short face 120 79.86 2.74 79.36 80.35 76.0 88.0 0.899
Normal face 120 79.80 2.60 79.33 80.27 76.0 85.0
Long face 120 79.96 273 7947 80.45 76.0 85.0
Total 360 79.87 2.68 79.59 80.15 76.0 88.0

ANB Short face 120 1.23 408 0.50 1.97 -7.0 9.0 0.937
Normal face 120 1.16 3.84 046 1.85 -6.0 9.0
Long face 120 1.05 3.92 0.34 1.76 -6.0 9.0
Total 360 1.15 394 0.74 1.56 -7.0 9.0

Facial Angle Short face 120 89.70 423 88.93 90.46 82.1 959 0.708
Normal face 120 89.32 452 88.50 90.14 81.5 95.8
Long face 120 89.74 422 88.98 90.51 82.1 95.8
Total 360 89.59 432 89.14 90.03 81.5 959

FMA Short face 120 18.80 1.64 18.50 19.09 16.1 219 <0.000001
Normal face 120 2545 3.16 24.88 26.02 20.0 30.7
Long face 120 34.05 123 3382 34.27 320 359
Total 360 26.10 6.62 2541 26.78 16.1 359

Lower Facial Height Short face 120 41.04 1.13 40.83 41.24 39.0 43.0 <0.000001
Normal face 120 44,98 0.59 44.87 45.09 44.0 46.0
Long face 120 49.50 0.85 49.35 49.65 48.0 509
Total 360 45.17 3.57 44.80 45.54 39.0 509

SD, standard deviation; Min, minimum; Max, maximum

Correlations between age with the 3 MF parameters

The Pearson coefficient showed no significant correla-
tions between age with each of the 3 MF parameters
(each n=360, coefficients ranged between —0.015 and
—0.029, all 3 P values>0.579).

Differences in the MF position across horizontal classes |,
Il,and lll

o In the whole sample.
According to the one-way ANOVA, there were signifi-
cant differences among skeletal Classes I to III in the
case of the MF parameters S and R (Table 4). All the
Tamhane post hoc comparisons were significant (all P
values <0.000001).

o In males and females, separately.
In each of the sexes, both parameters S and R were sig-
nificantly different across Classes I, II, and III (Table 5).
All Tamhane pairwise comparisons were significant
(all P values<0.000001). However, in either of the sexes
assessed separately, the parameter C (height) was not dif-
ferent among the Classes (Table 5).

« Within different vertical growth patterns.
The only insignificant ANOVA comparison (P=0.092)
was for the parameter C (height) compared among the
Classes within the ‘short-face’ group (Table 6). Except for
this ANOVA comparison, all other ANOVA comparisons

performed among Classes I, 11, and III separately in each
of the groups ‘short, long, and normal face’ were signifi-
cant (Table 6). The Tamhane pairwise comparisons of
the parameters S and R became all significant (all P val-
ues<0.000001). In the case of the parameter C (height) in
normal-face patients, the Tamhane test following the sig-
nificant ANOVAs showed that the pairwise comparison
of the parameter C (height) between Classes I and II were
not significant (P=0.992), but the other two were sig-
nificant (both P values<0.001). In the case of the param-
eter C (height) in long-face patients, the only significant
pairwise comparison was seen between Classes I and II
(P=0.002), and the other two were insignificant (?>0.06).

Differences in the MF position across vertical growth
patterns

o In the whole sample.
There was a significant difference among the vertical
growth patterns only in the case of the MF parameter C
(height) (Table 4). All the post hoc comparisons were sig-
nificant (all P values<0.000001).

o In males and females separately.
In each of the sexes, only the variable C was different
across the ‘long, short, and normal’ vertical growth pat-
terns (Table 5). All Tamhane pairwise comparisons were
significant (all P values<0.000001). However, in both
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Table 3 The MF parameters in all subgroups (in mm)

Class Vertical Mand Plane  MF Sex N Mean sD 95% Cl Min Max
1 Short face Low S (width) Female 22 2136 0.51 21.13 21.59 20.5 22.1
Male 7 2141 0.46 20.99 21.84 20.8 219
C (height) Female 22 12.34 037 1217 12.50 1.7 13.1
Male 7 12.39 0.29 12.12 12.65 1.9 128
R (length) Female 22 4247 0.65 42.18 42.76 40.8 439
Male 7 4213 048 41.68 42.57 41.7 43.0
Normal S (width) Female 9 2142 049 21.05 21.80 20.7 220
Male 2 2140 042 17.59 2521 21.1 21.7
C (height) Female 9 1243 045 12.09 12.78 11.8 13.1
Male 2 12.65 0.64 6.93 18.37 12.2 13.1
R (length) Female 9 42.03 1.00 41.26 42.80 40.0 438
Male 2 4235 0.78 3536 4934 41.8 429
Normal Low S (width) Female 2 21.40 0.00 2140 2140 214 214
Male 2 20.80 0.14 19.53 2207 20.7 209
C (height) Female 2 14.65 049 10.20 19.10 14.3 15.0
Male 2 15.10 057 10.02 20.18 14.7 15.5
R (length) Female 2 41.60 0.57 36.52 46.68 412 420
Male 2 41.60 042 37.79 4541 413 419
Normal S (width) Female 19 21.07 042 20.87 21.28 20.0 218
Male 7 21.07 0.31 20.79 21.36 206 214
C (height) Female 19 14.96 0.63 14.66 15.26 14.1 16.7
Male 7 15.13 0.80 14.39 15.87 144 16.8
R (length) Female 19 41.58 0.53 4132 41.84 40.8 425
Male 7 4143 052 40.95 41.91 409 42.0
High S (width) Female 7 2097 034 20.66 2129 204 215
Male 3 21.63 0.21 21.12 22.15 214 218
C (height) Female 7 14.84 0.65 14.24 1544 14.0 15.7
Male 3 15.20 0.60 13.71 16.69 14.6 15.8
R (length) Female 7 41.66 047 41.22 42.09 411 424
Male 3 41.40 0.87 39.25 43.55 409 424
Long face Normal S (width) Female 7 19.99 0.93 1913 20.84 189 214
Male 8 19.85 0.93 19.07 20.63 18.7 21.2
C (height) Female 7 17.44 0.20 17.26 17.63 17.1 17.7
Male 8 17.31 0.30 17.06 17.56 16.9 17.7
R (length) Female 7 41.20 0.64 40.61 41.79 40.6 424
Male 8 41.30 041 40.95 41.65 40.6 420
High S (width) Female 19 19.55 0.68 19.22 19.87 184 20.8
Male 6 19.67 0.55 19.09 20.24 18.7 202
C (height) Female 19 17.38 043 1717 17.58 16.8 18.1
Male 6 17.38 0.50 16.86 17.91 16.8 18.2
R (length) Female 19 41.06 0.63 40.75 4136 40.1 428
Male 6 4093 0.61 40.30 41.57 40.2 41.7
| Short face Low S (width) Female 22 1744 0.40 17.26 17.62 16.7 18.2
Male 9 17.71 0.39 1741 18.01 17.0 18.2
C (height) Female 22 12.37 047 12.16 12.58 11.6 133
Male 9 12.49 037 12.20 12.78 11.9 13.1
R (length) Female 22 39.18 0.66 38.89 3947 375 40.3
Male 9 3943 0.49 39.05 39.81 38.7 40.2
Normal Low S (width) Female 6 17.00 0.28 16.70 17.30 16.7 17.5
Male 3 1717 0.06 17.02 17.31 17.1 17.2
C (height) Female 6 15.27 0.16 15.10 1544 15.0 155
Male 3 15.20 0.10 14.95 1545 15.1 153
R (length) Female 6 38.23 0.53 37.68 38.79 37.7 39.0
Male 3 3797 0.12 37.68 38.25 379 38.1
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Table 3 (continued)

Class Vertical Mand Plane  MF Sex N Mean sD 95% Cl Min Max
Normal S (width) Female 14 17.09 0.26 16.93 17.24 16.8 17.7
Male 8 17.04 0.27 16.81 17.27 16.6 17.5

C (height) Female 14 15.02 0.29 14.85 15.19 14.6 156

Male 8 14.88 0.31 14.62 15.13 14.3 15.1

R (length) Female 14 38.16 038 37.94 38.38 37.7 39.1

Male 8 3846 048 38.06 38.86 378 389

High S (width) Female 7 17.16 032 16.86 1745 16.9 17.6
Male 2 16.95 0.07 16.31 17.59 16.9 17.0

C (height) Female 7 14.86 027 14.61 15.11 144 15.2

Male 2 14.85 0.07 14.21 1549 14.8 14.9

R (length) Female 7 3837 0.51 37.90 38.84 378 39.1

Male 2 38.30 042 3449 42.11 380 386

Long face Normal S (width) Female 11 16.69 039 1643 16.95 16.1 17.3
Male 5 17.38 045 16.82 17.94 16.9 18.0

C (height) Female 11 16.69 039 1643 16.95 16.1 173

Male 5 17.38 045 16.82 17.94 16.9 18.0

R (length) Female 11 3843 097 37.77 39.08 375 40.2

Male 5 38.36 1.06 37.04 39.68 376 40.2

High S (width) Female 12 17.13 0.58 16.75 17.50 163 183
Male 12 17.09 037 16.86 17.33 16.6 17.9

C (height) Female 12 1713 0.58 16.75 17.50 16.3 183

Male 12 17.09 037 16.86 17.33 16.6 179

R (length) Female 12 3843 0.80 3792 38.94 37.0 399

Male 12 3849 0.81 3798 39.01 376 40.7

1l Short face Low S (width) Female 14 23.95 041 23.71 24.19 231 245
Male 5 24.10 0.19 2387 24.33 238 243

C (height) Female 14 12.51 0.52 1221 12.81 11.8 135

Male 5 12.52 0.55 11.83 13.21 11.8 132

R (length) Female 14 44.96 0.30 44.79 4514 44.6 45.7

Male 5 4504 038 4456 4552 446 455

Normal S (width) Female 15 24.05 037 23.85 24.26 235 246
Male 6 24.08 034 2372 24.44 237 246

C (height) Female 15 12.77 047 12.51 13.03 12.0 139

Male 6 1240 0.18 12.21 12.59 121 12.6

R (length) Female 15 44.90 033 44.72 45.08 443 456

Male 6 44.88 0.13 44.74 45.02 44.7 451

Normal Normal S (width) Female 9 24.04 0.19 23.90 24.19 238 244
Male 3 2393 0.23 2336 24.51 238 242

C (height) Female 9 16.04 0.96 15.30 16.78 14.7 17.0

Male 3 16.53 127 13.39 19.68 15.1 17.5

R (length) Female 9 45.70 0.31 4546 45.94 452 46.1

Male 3 4573 0.21 4522 46.25 455 459

High S (width) Female 16 24.04 022 2393 24.16 237 24.5
Male 12 23.94 0.17 23.84 24.05 237 243

C (height) Female 16 15.68 1.21 15.04 16.32 14.5 17.6

Male 12 15.57 1.15 14.83 16.30 14.1 17.5

R (length) Female 16 45.60 039 45.39 45.81 45.0 46.1

Male 12 45.78 033 45.58 45.99 45.2 46.1

Long face Normal S (width) Female 8 23.85 0.63 2333 2437 232 25.1
Male 5 24.12 0.67 23.29 24.95 23.7 253

C (height) Female 8 17.46 048 17.06 17.87 16.8 18.1

Male 5 17.04 0.36 16.59 17.49 16.6 17.5

R (length) Female 8 4579 0.58 4530 46.27 449 46.6

Male 5 45.64 043 4511 46.17 449 46.0
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Class Vertical Mand Plane  MF Sex N Mean sD 95% Cl Min Max
High S (width) Female 15 24.02 046 23.77 24.27 23.0 24.8
Male 12 23.83 0.59 2346 2421 229 250
C (height) Female 15 17.29 045 17.04 17.53 16.6 18.0
Male 12 17.24 048 16.93 17.55 16.6 182
R (length) Female 15 4555 041 4533 4578 44.9 46.1
Male 12 45.53 0.38 45.29 45.77 450 46.1

Mand, mandibular; MF, mental foramen; SD, standard deviation; Min, minimum; Max, maximum. S, Perpendicular distance to the symphysis on the axial plane;
C, Perpendicular distance to the inferior cortex of the mandible on the cross-sectional plane; R, Perpendicular distance to the anterior border of the ramus on the

parasagittal plane

Table 4 The position of mental foramen (in mm) in different skeletal Classes and vertical growth patterns. The P values are calculated
using the one-way ANOVA.

Parameter Type N Mean SD 95% Cl Min Max P
S (width) | 120 20.73 093 20.56 20.90 184 22.1 <0.000001
] 120 17.20 045 17.12 17.28 16.1 183
1] 120 2399 0.39 2392 24.06 229 253
Total 360 20.64 285 2035 20.94 16.1 253
C (height) | 120 14.91 2.10 14.53 15.29 1.7 18.2 0.289
] 120 14.82 1.93 1447 15.17 11.6 18.3
1 120 15.22 2.10 14.84 15.60 1.8 18.2
Total 360 14.98 2.05 14.77 15.20 11.6 183
R (length) | 120 41.66 0.78 41.52 41.80 40.0 439 <0.000001
] 120 3869 083 38.54 38.84 37.0 40.8
1] 120 4541 049 45.32 45.50 443 46.6
Total 360 4192 284 41.63 42.21 37.0 46.6
S (width) Short face 120 2097 272 2048 2146 16.7 246 0.116
Normal face 120 20.73 287 20.21 21.25 16.6 24.5
Long face 120 2022 292 19.70 20.75 16.1 253
Total 360 20.64 2.85 20.35 2094 16.1 253
C (height) Short face 120 1247 044 12.39 12.55 11.6 139 <0.000001
Normal face 120 15.26 0.85 15.10 1541 14.0 17.6
Long face 120 17.23 047 17.14 17.31 16.1 18.3
Total 360 14.98 2.05 14.77 15.20 11.6 183
R (length) Short face 120 42.21 235 41.78 4263 37.5 45.7 0.381
Normal face 120 41.83 3.08 41.28 42.39 37.7 46.1
Long face 120 41.72 3.04 41.17 4227 37.0 46.6
Total 360 41.92 2.84 41.63 4221 370 46.6

SD, standard deviation; Min, minimum; Max, maximum. S, Perpendicular distance to the symphysis on the axial plane; C, Perpendicular distance to the inferior
cortex of the mandible on the cross-sectional plane; R, Perpendicular distance to the anterior border of the ramus on the parasagittal plane

sexes, the parameters S and R were not different among
vertical growth patterns (Table 5).
« Within each of Classes I, II, and III separately.

The only ANOVA comparison that became insignifi-
cant was that of the parameter S (width) compared
among vertical growth patterns within Class III patients
(Table 7). All other ANOVA comparisons became signifi-
cant (Table 7). Most of the Tamhane post hoc compari-
sons became significant (all significant P values<0.014).
A few pairwise comparisons became insignificant: The
parameter S (width) compared between long and normal
face patterns within the Class II group (P=0.933); the

parameter R (length) compared between long and nor-
mal faces within the Class II group (P=0.560); and the
parameter R (length) compared between long and nor-
mal faces within the Class I1I group (P=0.724).

Differences between MF parameters in men versus women
The independent-samples t-test showed that only the
parameter C (height) was significantly greater in males
than in females (Table 8). The other two parameters did
not show sex dimorphism (Table 8).
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Fig. 4 Means (and 95% Cl) for the variable S (in mm, the perpendicular distance to the symphysis on the axial plane) in different Classes and vertical

growth patterns. This distance shows the horizontal “width” dimension

Discussion

The inferior alveolar nerve (IAN) injury is one of the
most critical concerns during intraoral surgical pro-
cesses, with a high prevalence of failure in dental anaes-
thetic techniques [25, 26]. The IAN injury may be a
reversible event or can last for more than six months;
it primarily occurs during implant placement, alveolar
bone splitting procedures, and third molar extractions.
Since the MF position varies in different ethnicities and
age groups, it should be a critical risk factor in the occur-
rence of this complication [25]. In this regard, this study
evaluated the position of the MF in different sagittal and
vertical growth patterns using CBCT and found numer-
ous differences in its position among different Classes
or different vertical growth patterns. In this study, we
observed that the variable S or “width” was the small-
est in Class II and longest in Class III cases. The changes
observed in this variable between the 3 vertical growth
patterns were smaller than those in different Classes,
but still significant: this distance was the shortest in
long faces and the largest in short faces. The variable C
or “height” was slightly but significantly larger in Class
IIT cases than either of Class I or II patients; however,

between Classes I and II there might not be a significant
difference. This distance was the largest in long faces and
smallest in short faces. The variable R or “length” was the
largest in Class III and smallest in Class II. This variable
was slightly larger in short-face people than in normal-
face or long-face individuals; the latter two might not dif-
fer in terms of this distance. A recent 2022 study reported
an effect of the skeletal Class and facial type on the MF
dimensions in women [1]. Their results were less diverse
than what was observed in this study. This might be due
to their smaller sample as well as the use of different sta-
tistical approaches by them. Furthermore, Zmyslowska-
Polakowska et al. (2019) [8] asserted that horizontal and
vertical diameters were not divergent in different ages.
However, those measures were significantly greater on
the right side in males. Meanwhile, the MF types were
not significantly related to the age and gender of partici-
pants. Moreover, following our results, Sheikhi et al. [27]
revealed that the distance between the mental foramen
and the inferior border of the mandible was statistically
significant between males and females; they concluded
that the MF anatomy is a valuable characteristic in den-
tulous and edentulous patients as well as in both genders.
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Table 5 The position of mental foramen (in mm) in different skeletal Classes and vertical growth patterns, separately in males and
females. The P values are calculated using the one-way ANOVA.

Sex Parameter Type N Mean SD 95% Cl Min Max P
Female S (width) | 85 20.75 0.92 20.55 20.95 184 221 <0.000001
l 81 17.18 046 17.07 17.28 16.1 183
n 77 24.00 0.38 2392 24.09 230 25.1
Total 243 20.59 283 20.23 20.95 16.1 25.1
C (height) | 85 14.74 212 14.28 15.20 1.7 18.1 0.289
1l 81 14.57 191 14.14 14.99 116 183
n 77 15.08 213 14.59 15.56 11.8 18.1
Total 243 14.79 2.06 14.53 15.05 11.6 183
R (length) | 85 41.72 0.82 41.54 41.89 40.0 439 <0.000001
[l 81 3872 0.85 3853 3891 370 40.8
n 77 4537 0.51 45.25 4549 443 46.6
Total 243 41.88 2.79 41.52 4223 370 46.6
Male S (width) | 35 2067 094 2035 20.99 187 219 <0.000001
Il 39 17.26 043 17.12 17.40 16.6 18.2
n 43 2397 042 23.84 24.10 229 253
Total 117 20.75 2.89 20.22 2127 16.6 253
C (height) | 35 1533 203 14.63 16.03 1.9 18.2 0.937
Il 39 1535 1.90 14.74 1597 11.9 18.0
n 43 1548 2.05 14.85 16.11 11.8 18.2
Total 117 15.39 1.98 15.03 15.75 11.8 18.2
R (length) | 35 41.51 0.66 41.29 41.74 40.2 43.0 <0.000001
Il 39 38.64 0.79 3838 38.89 376 40.7
n 43 4548 046 4534 4562 446 46.1
Total 117 4201 2.96 4147 42.56 376 46.1
Female S (width) Short face 91 20.87 2.73 2031 2144 16.7 246 0.271
Normal 80 20.66 285 20.02 2129 16.7 245
Long face 72 20.16 2.92 1947 20.85 16.1 251
Total 243 20.59 283 20.23 20.95 16.1 25.1
C (height) Short face 91 1247 047 12.37 1257 11.6 139 <0.000001
Normal 80 15.23 0.83 15.05 1542 14.0 17.6
Long face 72 17.23 0.50 17.11 1735 16.1 183
Total 243 14.79 2.06 14.53 15.05 11.6 183
R (length) Short face 91 42.15 2.36 41.66 42.64 375 457 0.489
Normal 80 41.72 3.03 41.05 4240 37.7 46.1
Long face 72 41.69 3.01 40.99 4240 370 46.6
Total 243 41.88 2.79 41.52 4223 370 46.6
Male S (width) Short face 29 2128 271 20.25 2231 17.0 24.6 0.352
Normal 40 20.87 293 19.93 21.81 16.6 243
Long face 48 2032 295 19.46 21.18 16.6 253
Total 117 20.75 2.89 20.22 2127 16.6 253
C (height) Short face 29 1246 0.36 12.33 12.60 11.8 13.2 <0.000001
Normal 40 1531 0.89 15.02 15.60 14.1 17.5
Long face 48 17.23 041 17.11 17.35 16.6 18.2
Total 117 1539 1.98 15.03 15.75 11.8 182
R (length) Short face 29 4238 236 4148 43.28 387 45.5 0.670
Normal 40 42.06 3.20 41.03 43.08 378 46.1
Long face 48 41.76 311 40.85 42.66 376 46.1
Total 117 4201 2.96 4147 42.56 376 46.1

SD, standard deviation; Min, minimum; Max, maximum. S, Perpendicular distance to the symphysis on the axial plane; C, Perpendicular distance to the inferior

cortex of the mandible on the cross-sectional plane; R, Perpendicular distance to the anterior border of the ramus on the parasagittal plane
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Table 6 The position of mental foramen (in mm) in skeletal Classes in different vertical patterns. The P values are calculated using the

one-way ANOVA.

Type Parameter Class N Mean SD 95% CI Min Max P
Short face S (width) 1 40 2139 048 2123 2154 205 221 <0.000001
1l 40 17.51 040 17.38 17.63 16.7 18.2
n 40 24.03 0.36 2391 24.14 23.1 246
C (height) | 40 12.38 0.38 12.26 12.50 11.7 13.1 0.092
] 40 1243 046 12.29 12.58 1.6 133
11l 40 12.59 047 1244 12.74 118 139
R (length) | 40 4231 0.72 4207 42.54 40.0 439 <0.000001
Il 40 39.38 0.65 39.17 39.59 375 40.8
1] 40 44.94 0.30 44.84 4503 443 457
Normal S (width) | 40 21.10 0.39 2098 2122 20.0 218 <0.000001
Il 40 17.08 0.26 16.99 17.16 16.6 17.7
1] 40 24.01 0.20 2394 2407 237 24.5
C (height) | 40 14.98 0.63 14.78 15.18 14.0 16.8 0.000002
] 40 15.01 0.29 14.91 15.10 143 15.6
n 40 15.79 1.13 1543 16.16 14.1 17.6
R (length) | 40 41.56 0.51 4139 4172 40.8 425 <0.000001
l 40 38.26 0.44 3812 3840 377 39.1
n 40 45.69 0.34 45.58 45.80 450 46.1
Long face S (width) | 40 19.70 0.75 19.46 19.94 184 214 <0.000001
l 40 17.03 0.50 16.87 17.19 16.1 18.3
n 40 23.94 0.55 2377 24.12 229 253
C (height) | 40 17.38 037 17.26 17.50 16.8 18.2 0.002
1l 40 17.03 0.50 16.87 17.19 16.1 183
n 40 17.28 0.46 17.13 1742 16.6 18.2
R (length) | 40 41.11 0.58 4093 4130 40.1 428 <0.000001
] 40 3844 0.85 38.17 3871 37.0 40.7
L} 40 4561 044 4547 4574 449 46.6

SD, standard deviation; Min, minimum; Max, maximum. S, Perpendicular distance to the symphysis on the axial plane; C, Perpendicular distance to the inferior
cortex of the mandible on the cross-sectional plane; R, Perpendicular distance to the anterior border of the ramus on the parasagittal plane

We did not see a significant effect for the variable age,
perhaps in part, due to the rather narrow range of ages
included in our study; all our patients were quite young
and out of the puberty or decline periods which could
better highlight the effect of age. Similar to the study by
Sheikhi et al., we showed that the perpendicular distance
to the inferior cortex of the mandible was significantly
greater in long-face cases and was different between
males and females. Such contradictory results may be
due to the different populations studied, sample sizes,
and methods in various studies. This calls for the assess-
ment of the MF location using CBCTs in any interven-
tion at or near the mental foramen level.

This study was limited by some factors. The sample size
was not based on power calculations. However, it was
much larger than the few similar studies in this regard.
Furthermore, this study was retrospective; however,
due to the biohazard of the X-ray, conducting prospec-
tive studies on human subjects and exposing humans

to X-ray merely for the sake of research was impossible
from an ethics standpoint. This limitation also applies
to all similar radiographic studies; all such studies need
to use radiographs that have been already taken for
diagnostic and therapeutic purposes only. Since we had
used CBCTs, it was better to also measure the size of the
mental foramen; future CBCT studies should note this.
As another limitation, the age range of patients entered
in the study was narrow and only 10 years. This might
be a reason why we did not observe any associations
between age and the position of mental foramen. In this
study, we averaged the measurements on the right and
left sides. This resulted in more reliable outcomes com-
pared to measuring only one side. On the other hand, it
disallowed the comparison of the left and right sides in
terms of their anatomic measurements. It is possible that
some individuals have asymmetric mandibles and mental
foramens.
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Table 7 The position of mental foramen (in mm) in vertical patterns within different skeletal Classes. The P values are calculated using

the one-way ANOVA.

Class Parameter Type N Mean SD 95% Cl Min Max P
| S (width) Short face 40 2139 0.48 21.23 2154 205 22.1 <0.000001
Normal 40 21.10 0.39 2098 2122 20.0 218
Long face 40 19.70 0.75 19.46 19.94 184 214
C (height) Short face 40 12.38 0.38 12.26 12.50 117 13.1 <0.000001
Normal 40 14.98 0.63 14.78 15.18 14.0 16.8
Long face 40 17.38 037 17.26 17.50 16.8 18.2
R (length) Short face 40 4231 0.72 4207 42.54 40.0 439 <0.000001
Normal 40 41.56 0.51 41.39 4172 40.8 425
Long face 40 4111 0.58 4093 4130 40.1 428
] S (width) Short face 40 17.51 0.40 17.38 17.63 16.7 182 <0.000001
Normal 40 17.08 0.26 16.99 17.16 16.6 17.7
Long face 40 17.03 0.50 16.87 17.19 16.1 183
C (height) Short face 40 1243 0.46 12.29 12.58 11.6 133 <0.000001
Normal 40 15.01 0.29 1491 15.10 143 156
Long face 40 17.03 0.50 16.87 17.19 16.1 183
R (length) Short face 40 39.38 0.65 39.17 39.59 375 40.8 <0.000001
Normal 40 38.26 0.44 38.12 3840 377 39.1
Long face 40 3844 0.85 38.17 3871 370 40.7
] S (width) Short face 40 24.03 0.36 2391 2414 23.1 246 0.609
Normal 40 24.01 0.20 23.94 24.07 237 245
Long face 40 23.94 0.55 2377 2412 229 253
C (height) Short face 40 12.59 047 1244 12.74 11.8 139 <0.000001
Normal 40 15.79 113 1543 16.16 14.1 17.6
Long face 40 17.28 0.46 1713 1742 16.6 182
R (length) Short face 40 4494 0.30 4484 4503 443 45.7 <0.000001
Normal 40 45.69 0.34 45.58 45.80 450 46.1
Long face 40 4561 044 4547 45.74 449 46.6

SD, standard deviation; Min, minimum; Max, maximum. S, Perpendicular distance to the symphysis on the axial plane; C, Perpendicular distance to the inferior
cortex of the mandible on the cross-sectional plane; R, Perpendicular distance to the anterior border of the ramus on the parasagittal plane

Table 8 Sex dimorphism in mental foramen parameters (in mm). The P values are calculated using the independent-samples t-test

Parameter Sex N Mean SD 95% CI Min Max P

S (width) Female 243 20.59 2.83 20.23 2095 16.1 25.1 0.628
Male 17 20.75 2.89 20.22 21.27 16.6 253
Total 360 20.64 2.85 2035 2094 16.1 253

C (height) Female 243 14.79 2.06 14.53 15.05 11.6 18.3 0.009
Male 117 15.39 1.98 15.03 15.75 11.8 18.2
Total 360 14.98 2.05 14.77 15.20 11.6 18.3

R (length) Female 243 41.88 2.79 41.52 4223 370 46.6 0.669
Male 117 4201 296 4147 42.56 376 46.1
Total 360 41.92 2.84 41.63 42.21 370 46.6

SD, standard deviation; Min, minimum; Max, maximum. S, Perpendicular distance to the symphysis on the axial plane; C, Perpendicular distance to the inferior
cortex of the mandible on the cross-sectional plane; R, Perpendicular distance to the anterior border of the ramus on the parasagittal plane

Conclusions

Sex dimorphism exists only in the case of the inferior-
superior height of the mental foramen in the 3D space.
The perpendicular distance between the foramen men-
tal and the symphysis on the axial plane (the lateral
“width” dimension) was the smallest in Class II and the

longest in Class III cases. The changes observed in this
variable between the 3 vertical growth patterns were
smaller than those in different Classes, but still sig-
nificant: this distance was the shortest in long faces
and the largest in short faces. The perpendicular dis-
tance between the foramen mental and the inferior cor-
tex of the mandible on the cross-sectional plane (the
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inferior-superior “height” dimension) was slightly but
significantly larger in Class III cases than either of Class
I or II patients; however, between Classes I and II there
might not be a difference. This distance was the largest
in long faces and smallest in short faces. The perpendicu-
lar distance between the foramen mental and the anterior
border of the ramus on the parasagittal plane (the antero-
posterior “length” dimension) was the largest in Class III
and smallest in Class I. This dimension was slightly larger
in short-face people than in normal-face or long-face
individuals; the latter two might not differ in terms of this
measurement.
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