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Abstract

Background The aim is to assess mental foramen (MF) and anatomical variations using cone beam computed
tomography (CBCT) images in a Turkish population.

Methods In this retrospective study, CBCT images of 301 patients (162 females, 139 males) obtained between
November 2021 and February 2022 were evaluated. Patients were analyzed in 4 groups according to age (Group 1:
18-30 years, Group 2: 31-45 years, Group 3: 46-55 years, Group 4: 56 years and older). The position of the MF relative
to the teeth, vertical (MFV) and horizontal (MFH) dimensions; the distances of the MF to the mandibular midline (MF-
MM), ramus posterior border (MF-MP), lower border (MF-ML) and upper border (MF-MU); the presence of an accessory
mental foramen (AMF); and if any, the position of the AMF relative to the MF and the distance of the AMF to the MF
(MF-AMF) were recorded separately for the right and left sides. Associations with gender and age were evaluated. The
independent samples t test was used to determine the relationship between the measurements and gender and the
evaluation of the measurement values according to age groups. The evaluation of the location of MF according to
gender and age groups was performed using the Chi-Square Test.

Results On the right and left sides, MF was most commonly seen at the apical level of the second premolars (45.4%
and 52.1%, respectively). MFV, MFH, MF-MM, MF-MP and MF-ML were significantly higher in males than in females,

p <0.001 on both sides and for each parameter. There was a significant difference between the age groups for MF-MU
and MF-ML on the right side, MF-MU on the left side (p <0.001, p<0.05, p < 0.001, respectively). A total of 42 AMFs
were seen in 39 (13%) of the 301 patients. AMFs were frequently located posteroinferior to the MFs (35.5%). The mean
MF-AMF was 7.83 mm.

Conclusions The findings of this study contribute to the existing literature on the anatomy and variations of MF. The
results of this study show that the prevalence of AMF in the Turkish population studied is high at 13%.
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Background

The mandibular canal (MC) contains the inferior alveolar
nerve (IAN), vein, and artery. Verification of the course
and variations of the MC is important to prevent injury
to the neurovascular bundles during surgical, endodon-
tic, and periodontal procedures and to perform effective
nerve blockades [1-3].

IAN typically bifurcates into two branches within the
premolar region. These branches are identified as the
incisive and mental nerves. The incisive nerve contin-
ued forward into the incisive teeth, whereas the mental
nerve, along with its associated vascular structures, exits
the bone through the anatomical structure known as the
mental foramen (MF). The mental nerve provides sen-
sory innervation of the skin and mucosa of the lower lip,
the buccal vestibule, the gingiva mesial to the mandibular
first molar, and the skin of the mental region [4—6].

MEF is typically observed one on each side of the man-
dibular bone. Multiple foramina in the surrounding area
of the MF that are smaller in diameter than the main
foramen are an anatomical variation and are defined as
accessory foramen. In the literature, the term “accessory
mental foramen” (AMF) is used to describe an additional
foramen that is anatomically connected to the mandibu-
lar canal. Conversely, those foramina lacking a direct
connection to the mandibular canal are referred to as
“nutritional foramina” [6-9].

AMEF is as important as MF as the neural and vascu-
lar branches pass through it. Knowledge of the location,
shape, and dimensions of the MF and AMEF is particularly
important in surgical procedures involving local anes-
thesia and this region, such as genioplasty, root resec-
tion of mandibular premolars, mandibular rehabilitation
after trauma, apical curettage, and placement of dental
implants [10, 11].

Cone-beam computed tomography (CBCT) is a useful
tool that provides detailed information about the struc-
tures of the maxillofacial complex, allowing the identifi-
cation and evaluation of anatomical variations [12, 13].
Additionally, three-dimensional (3D) measurements can
be conducted using specialized software with CBCT
images. It has been reported that 3D measurements con-
ducted on CBCT images yield results that closely resem-
ble measurements taken directly on the skull [14, 15].

A review of the literature reveals the existence of stud-
ies that evaluate MF and AMF using a variety of radio-
graphic methods. This study aims to contribute to the
literature by providing a comprehensive analysis of the
morphometric properties and relationships of AMF and
MEF with 3D measurements.
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Methods

Study design and sample

The Clinical Research Ethics Committee of Ordu Uni-
versity approved this study (IRB approval no: 2023/72).
The study protocol conformed to the Declaration of Hel-
sinki, and informed consent form was signed by all study
participants.

In this retrospective study, CBCT images of the
patients taken for various problems at the Oral and
Maxillofacial Radiology Department of Ordu Univer-
sity between November 2021 and February 2022 were
conducted.

Inclusion and exclusion criteria

The study included CBCT images of individuals over the
age of 18, obtained with the same CBCT device (KaVo
OP 3D Vision, Imaging Sciences International LLC,
USA), in which the mandibular corpus and ramus were
included in the imaging area. Images with craniofacial
syndromes, trauma or reconstructive surgery in the man-
dible, pathology in the mandibular corpus and ramus,
partially erupted or unerupted teeth in the mental region,
absence of a mental foramen due to mandibular alveolar
bone resorption, artifacts, and poor quality images were
excluded from this study. CBCTs were taken at 90—120
kVp, 3-8 mA, and 8.9 s. The largest voxel size in the ana-
lyzed images was 0.3 mm and the largest FOV area was
16x13 cm.

Study variables and data collection

In this study, CBCT images were categorized into four
groups based on the ages of the respective patients
(Group 1: 18-30 years, Group 2: 31-45 years, Group 3:
46-55 years, Group 4: 56 years and older). Image evalua-
tions were performed with OnDemand software (OnDe-
mand3D Technology Inc., USA). The measurements were
performed by a dentomaxillofacial radiology research
assistant with 2 years of experience. The same researcher
carried out all distance measurements twice by one
month apart. The mean values of two measurements
were analyzed. All evaluations were performed with the
mandibular plane parallel to the ground.

The assessments on CBCT images;

1. Location of the ME.

2. The distance of the medial edge of the MF to the
mandibular midline (MF-MM).

3. The distance of the lateral edge of the MF to the
ramus posterior border (MF-MP).

4. The distance of the upper edge of the MF to the top
of the alveolar crest (MF-MU).

5. The distance of the lower edge of the MF to the basis
mandibulae (MF-ML).
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6. The distance between the upper and lower edge of
the MF (vertical diameter of the MF) (MFV).

7. The distance between the anterior and posterior edge
of the MF (horizontal diameter of the MF) (MFH).

8. The presence of an AMF.

9. The position of the AMF relative to the MF.

10.The distance of the AMF to the MF (MF-AMF).

The position evaluation of the MF was performed on a
3D model in 3D MPR images, according to the long axis
of the existing teeth in patients with first molars, first
and second premolars (Fig. 1) [16]. MF-MM and MF-MP
measurements were performed on 3D MPR images
using a 3D ruler on a 3D model (Fig. 2) [17, 18]. MF-MU,
ME-ML, MFV and MFH measurements were performed
using a two-dimensional (2D) ruler in the dental module
(Fig. 3) [17].

The presence of AMF was evaluated as positive (+) if
present on the right and/or left, and negative (-) if absent
on the right and left. If AMF was present, the posi-
tion assessment of the AMF was performed on the 3D
model in the 3D MPR images of the software. They were
recorded as posterior, postero-superior, postero-inferior,
inferior, superior, anterior, antero-inferior, or antero-
superior positioned according to MF. MF-AMF was mea-
sured by measuring the closest distance of the midpoints
of both foramen to each other using a 3D ruler on a 3D
image (Fig. 4) [2, 8].

Statistical analyses

All statistical analyses were performed with the SPSS
software (version 20, SPSS®, Inc., Chicago, IL, USA). The
normality of the data was evaluated using the Shapiro-
Wilk test. According to the results of this test, the data
were normally distributed. The independent samples t
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test was used to determine the relationship between the
measurements and gender and the evaluation of the mea-
surement values according to age groups. The evaluation
of the location of MF according to gender and age groups
was performed using the Chi-Square Test. Qualitative
data were presented as frequencies and percentages. P
value of <0.05 was considered statistically significant.

Results

A total of 301 patients (162 females and 139 males) met
the inclusion and exclusion criteria and were included
in the study group. The mean age in this study was
44.72 +14.61 years (18 to 78 years).

The mental foramen was most commonly located
on the long axis of the second premolar on both sides
(Tables 1 and 2). The location of the mental foramen
was not statistically significantly different between the
genders for either the right or left side (»p=0.235 and
p=0.756 respectively) (Tables 1 and 2).

While there was a significant difference between the
right and left sides in terms of mean MF-MM, MF-ML
and MFH measurements (P<0.001), there was no signifi-
cant difference in terms of mean MF-MP, MF-MU and
MEFV measurements (p=0.701, p=0.136 and p=0.117
respectively).

There was a significant difference between the genders
for the mean values of MFV, MFH, MF-MM, MF-MP,
and MF-ML (P<0.001), but no significant difference
was found for MF-MU (p=0.291, p=0.665 and p =294
respectively) (Table 3).

There was no significant difference between the age
groups regarding MFV, MFH, MF-MM, MEF-MP, and
MF-ML measured on both sides (P>0.05). There was a
significant difference between the age groups in terms of
ME-MU on both sides (P<0.001) (Graph 1). There was

Fig. 1 The positional relationship of the mental foramen to the mandibular teeth
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Fig. 2 The relation of the MF to the symphysis menti and the posterior border of the mandibular ramus. m; the point was the medial edge of the mental
foramen, a; the point in the symphysis menti on the axis parallel to the mandibular plane and passing through the medial edge of the mentalforamen, I;
the point was the lateral edge of the mental foramen, p; the point in the posterior border of the mandibular ramus on the axis parallel to the mandibular
plane and passing through the lateral edge of the mental foramen, ma; distance between the medial edge of the MF and the symphysis menti, pl; dis-
tance between the lateral edge of the MF and the posterior border of the mandibular ramus

h 4

281 mm el

s 1087 mm

Fig. 3 A, cross-sectional image. B, axial image. a; distance between the upper edge of the MF and top of the alveolar crest, b; distance between the
upper and lower edge of the MF, ¢; distance between the lower edge of the MF and the basis mandibulae, d; distance between the medial and lateral
edge of the MF on axial plane
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Fig. 4 Three-dimensional image of AMF and MF. A, The position of the AMF relative to the MF (An; anterior, as; antero-superior, ai; antero-inferior, P; pos-
terior, ps; postero-superior, pi; postero-inferior, S; superior, and [; inferior). B, The distance of the AMF to the MF (a; center of the AMF, m; center of the MF)

Table 1 Gender-based analysis of the mental foramen position in relation to the teeth on the right side

Total Long axis of the Between the firstand Long axis of the Between the second P*
first premolar second premolar second premolar premolar and first
molar
N (%) N (%) N (%) N (%) N (%)
Female 113 (100) 544) 54 (47.8) 47 (41.6) 7(6.2) 0.235%
Male 92 (100) 4(43) 31(33.7) 46 (50) 11(12)
Total 205 (100) 9(44) 85(41.5) 93 (454) 18 (8.7)

*Chi Square Test
Qualitative data were presented as frequencies and percantages

Table 2 Gender-based analysis of the mental foramen position in relation to the teeth on the left side

Total Long axis of the Between the firstand Long axis of the Between the second P*
first premolar second premolar second premolar premolar and first
molar
N (%) N (%) N (%) N (%) N (%)
Female 114 (100) 7(6.1) 45 (39.5) 58(50.9) 4(3.5) 0.756*
Male 99 (100) 5(5.1) 34 (34.3) 53(535) 7(7.0)
Total 213 (100) 12 (5.6) 79(37.1) 111(52.1) 11(5.2)

*Chi Square Test

Qualitative data were presented as frequencies and percantages

a significant difference in mean MF-ML between age
groups on the right side (P<0.001), but not on the left
side (P>0.05) (Graph 2).

A total of 42 AMFs were observed in 39 patients, rep-
resenting 13% of the total number of patients included
in the study. Two patients exhibited one AMF on each
side, while one patient displayed two AMFs on one side
(Tables 4 and 5). The AMF was often located posterioin-
ferior to the MF (35.5%) (Table 6). The mean MF-AMF
was 7.83+4.06 (3.15-19.55) mm. There was no sig-
nificant difference in the presence of AMF and gender
(P>0.05).

Discussion

In the literature, the morphology of the mental fora-
men and AMF has been evaluated using various imaging
modalities such as periapical, panoramic, multidetector
computed tomography (MDCT), CBCT or on a dry skull

[4, 8, 11, 18]. Previous studies have reported that magni-
fication and superimposition in two-dimensional images
can cause difficulties in image interpretation and that
panoramic radiography has a lower detection rate than
CBCT in the evaluation of AMF [19, 20]. One important
advantage of CBCT is that it produces 3D images, which
allow for a comprehensive evaluation of the anatomy of
the selected region. Additionally, 3D measurements can
be made on 3D models obtained with software [14, 15].
Other advantages of CBCT include better image resolu-
tion, shorter acquisition time, relatively lower radiation
dose, and lower cost, compared to MDCT [12]. This
study contributed to the literature by providing a com-
prehensive analysis of the morphometric properties and
relationships of AMF and MF with 3D measurements.
Considering the long axes of the existing teeth, in this
study, MF was most common located on the long axis
of the second premolar on both sides. Studies in the
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Table 3 Gender-based evaluation of mean measurements

Measurement Side Gender P*
Female Male
MF-MM(mm) Right 25.29 26.53 <0.001
Left 25.79 26.87 <0.001
All 25.54 26.70 <0.001
MF-MP(mm) Right 67.1 7157 <0.001
Left 66.96 71.87 <0.001
All 67.03 71.72 <0.001
MF-MU(mm) Right 11.53 11.93 0.291
Left 1144 116 0.665
All 1148 11.77 0.294
MF-ML(mm) Right 12.46 14.09 <0.001
Left 12.69 14.23 <0.001
All 12.58 14.16 <0.001
MFV(mm) Right 2.63 3.1 <0.001
Left 259 299 <0.001
All 261 3.04 <0.001
MFH(mm) Right 355 391 <0.001
Left 333 3.77 <0.001
All 344 3.84 <0.001

* Independent Sample T Test

MF-MM: the distance of the medial edge of the MF to the mandibular midline
MF-MP: the distance of the lateral edge of the MF to the ramus posterior border
MF-MU: the distance of the upper edge of the MF to the top of the alveolar crest
MF-ML: the distance of the lower edge of the MF to the basis mandibulae

MFV: vertical diameter of the MF

MFH: horizontal diameter of the MF

literature report that the mental foramen is most com-
monly found in this position [11, 21-24]. In other stud-
ies in the literature, the location of the mental foramen
was most commonly reported between the 1st and 2nd
premolars [5, 17]. This location was the second most fre-
quently occurring in our study. Additionally, as in previ-
ous studies, there was no significant difference between
genders regarding the position of the MF relative to the
teeth on both sides (P> 0.05) [17, 18, 21].

In this study, the mean MF-MM measurement was
25.54 mm in females and 26.7 mm in males. Apinhasmit
et al. reported that the measurements on the dry skull
averaged 27.94 and 29.3 mm, respectively [21]. In stud-
ies using MDCT images on the Turkish population, Direk
et al. reported a mean value of 24.65 mm and 25.85 mm
for MF-MM, while Haktanir et al. reported a mean value
of 24.2 mm and 25.4 mm. This study found mean values
similar to those found in other studies of the Turkish
population [18, 25].

In this study, the mean MF-MP measurement was
67 mm and 71.72 mm in females and males, respectively.
Apinhamit et al. reported this measurement of 64.95 mm
and 70.92 mm, while Direk et al. reported 66.71 mm and
72 mm. These measurements were found to be consistent
with those in the literature [18, 21].
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In their study evaluating 142 KIBT images, Von Arx
et al. reported the mean MF-MU measurement to be
12.6 mm and the MF-ML measurement to be 13.2 mm
[26]. Cardenes et al. analyzed 50 KIBT images and
reported measurements of 159 mm and 13.86 mm,
respectively [27]. Lorenzo et al. evaluated 344 KIBT
images and reported measurements of 11.42 mm and
13.55 mm, respectively [28]. In the present study,
the mean MF-MU and MF-ML measurements were
11.62 mm and 13.32 mm, respectively.

Previous studies employing CBCT imaging to assess
the vertical and horizontal dimensions of the men-
tal foramen have reported these measurements of 3.7
and 3.4 mm, respectively, by Kalender et al. and 3 and
3.2 mm, respectively, by Von Arx et al. [17, 26]. The mean
measurements of MFV and MFH in the current study
were 2.82 mm and 3.63 mm, respectively.

The results of our study indicate that distance measure-
ments (MFV, MFH, MF-MM, MF-MP, and MF-ML) were
significantly higher in males than in females. These find-
ings are consistent with those reported in the existing lit-
erature [17, 21, 25, 26]. This is to be expected, given the
difference in mandible size between the genders. Further-
more, the observation that the measurement outcomes
are higher in males than in females indicates that these
measurements can be employed as an additional radio-
graphic method for gender determination in forensic
dentistry.

Upon evaluation of the MF-MM, MF-ML, and MFH
measurements obtained in this study according to the
side, a significant difference was found in terms of mea-
surement values. In the majority of studies conducted in
the literature, no statistically significant difference was
observed between the sides in terms of distance measure-
ments [17, 18, 21, 25, 26]. Only Cardenes et al. reported
a significant difference between the sides in terms of
ME-ML measurement, which is comparable to the find-
ings of our study [27].

The results of our study indicated a significant differ-
ence between age groups in terms of MF-MU among dis-
tance measurements (P<0.001). The mean MF-MU was
highest in Group 1 and lowest in Group 4 on both sides.
The results of our study are consistent with the literature,
and this may be explained by the increase in crest resorp-
tion with age-related tooth loss [28].

The frequency of AMF has been reported between
2% and 14.3% in the literature [2, 6-9, 17, 20, 28-30]. A
review of studies conducted in the Turkish population
revealed a prevalence rate of between 2% and 12.2%.
In this study, the prevalence of AMF was found to be
13%, which represents the highest rate ever observed in
the Turkish population [17, 20]. Bilateral AMF is a rare
occurrence, with only two patients in this study exhib-
iting this condition. Kalender et al. evaluated CBCT
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Graph 1 Evaluation of right-sided measurements according to age groups

images of 193 patients and found bilateral AMF in one
case, while Direk et al. found bilateral AMF in three of
100 patients in MDCT study [17, 18]. The results of our
study indicated that there was no significant difference
between the presence of AMF and gender (p>0.05). The
most studies in the literature have indicated that there
is no significant difference between the genders, a find-
ing that is consistent with the results of our study [9, 17,
18, 20]. In a study of the Korean population, Han et al.
reported that the prevalence of AMF was significantly
higher in men than in women [31]. In present study,
there was no significant difference between the sides in
terms of the presence of AMF, as observed in the studies

of Aytugar et al., Zmystowska-Polakowska, and Kalender
etal. [6,17, 20].

In this study, AMF was most commonly positioned in a
posterio-inferior position according to MF (35.5%). This
position was followed by antero-inferior position (19.1%).
Similarly, there are studies in the literature reporting that
AMF was most commonly found in the posterio-inferior
position [8, 20, 28, 29, 32].

The mean MF-AMF value in our study was 7.83 mm,
with a range of 3.15 to 19.55 mm (SD: 4.06 mm). In the
literature, this measurement has been reported to range
from 0.64 to 15.4 mm [6-9, 17, 20, 29, 30]. In their study,
Kalender and et al. observed that the distance in ques-
tion exhibited a range of 1.3 to 15.4 mm, with an average
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Graph 2 Evaluation of left-sided measurements according to age groups

Table 4 Incidence of accessory mental foramen by gender

Presence (+) Absence (-) Total

N (%) N (%) N (%)
Female 19(12) 143 (88) 162 (100)
Male 20 (14) 119 (86) 139 (100)
Total 39(13) 262 (87) 301 (100)

Qualitative data were presented as frequencies and percentages

of 5.2 mm (SD: 4.4 mm) [17]. Naitoh et al. reported that
this distance varied between 4.5 and 9.6 mm, with an
average of 6.3 mm [8]. Our study found a mean MF
AMEF value that is higher than that reported in previous
studies. The difference may be attributed to the ethnic
background of the population studied, the radiographic

Table 5 Distribution of the number of accessory mental
foramen by side and gender

Right Left Total

N (%) N (%) N (%)
Female 12.(57) 9 (43) 21(100)
Male 8(38) 13 (62) 21(100)
Total 20 (48) 22(52) 42 (100)

Qualitative data were presented as frequencies and percentages

techniques employed, and variations in measurement
methodologies.

Although this study has a relatively small sample size,
it provides additional data to the literature regarding
the location and morphology of the MF and AMF in a
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Table 6 Position of the accessory mental foramen relative to the
mental foramen

Position Right Left Total

N (%) N (%) N (%)
Posterior 3(15) 0 3(7.2)
Postero-superior 2 (10) 2(9) 4(9.5)
Postero-inferior 5(25) 10 (45) 15(35.5)
Superior 1(5) 209 3(7.2)
Inferior 1(5) 1(4.5) 2(4.8)
Antero-superior 2(10) 1(4.5) 3(7.2)
Anterior 1(5) 3(14) 4(9.5)
Antero-inferior 5(25) 3(14) 8(19.1)
Total 20 (100) 22 (100) 42 (100)

Qualitative data were presented as frequencies and percentages

Turkish subpopulation. The findings of this study support
the notion that anatomical measurements can be influ-
enced by the ethnic background of the population stud-
ied, as well as by variations in radiographic techniques
and measurement methodologies, when compared with
previous studies in the literature.

Conclusions

In conclusion, the prevalence of AMF in the study popu-
lation was found to be 13%. The most common location
of AMF with respect to the MF was posteroinferior. The
findings of this study contribute to the literature on the
anatomy and variations of MF. This is important to pre-
vent injury to neurovascular bundles and to perform
effective nerve blockades during surgical, endodontic,
and periodontal procedures.
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