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Abstract

Aim: Understanding the mental foramen (MF) position and prevalence and location of the anterior loop (AL) is
important during clinical and surgical procedures close to the mental foramen to avoid damage to the
neurovascular bundle. The current study was done to determine the location of the MF, its distance from the
inferior border of the mandible, and prevalence of AL in Egyptian population using cone beam computed
tomography (CBCT).

Methods: A retrospective analysis of CBCT images was done in this study. Images of Egyptian patients who have
already been subjected to CBCT examination as part of their dental diagnosis and/or treatment planning were
included according to the proposed eligibility criteria.

Results: This study showed that the most common location of the MF (43.8% on the left side and 67.9% on the
right side) is located below the apex of the second premolar. The mean size of mental foramen showed a height of
3.32 mm in females, 3.60 mm in males, and a width of 3.41 mm in females and 3.59 mm in males. The mean value
of distance from inferior border was 10.08 mm in females and 10.55 mm in males. Fifty-five percent of the cases
showed presence of anterior loop.

Conclusion: These results are consistent with similar radiographic studies regarding size and location of MF and
distances between MF and adjacent anatomic structures. The most common position of the MF is below the 2nd
premolar. AL was found in more than half of the cases examined.
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Introduction
The MF is a channel-like opening that is narrow at the
base and wide at the top through which the mental
nerve exits the mental canal (Phillips et al. 1990). It is
important to be aware of the position of the MF during
clinical procedures such as elevation of mucoperiosteal
flaps, local anesthesia injection, and any bone surgery
being performed in the vicinity of the MF. During

surgical procedures close to the MF such as the place-
ment of endo-osseous implants, root end surgery, surgi-
cal removal of impacted teeth, cysts, and tumors, the
operator must avoid injuring the neurovascular bundle
exiting through the MF. Although it has been recom-
mended that a safe distance of 2 mm should be kept be-
tween endo-osseous implants and the MF, some studies
have reported altered sensation in the area supplied by
the mental nerve following their placement (Bartling
et al. 1999; Wismeijer et al. 1997; Walton 2000).
The part of inferior alveolar nerve (IAN) presents an-

terior to the MF, before leaving the canal is known as
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the anterior loop (AL) of the IAN (Apostolakis and Brown
2012). Prevalence and location of the AL is also important
during different surgical procedures, especially during pla-
cing dental implants in fully edentulous patients. A study
comparing the dissection of the AL anatomically and
CBCT scans of cadaver specimens showed almost near
equal measurements, from which the authors concluded
that CBCT is considered reliable in determining the extent
of the AL (Uchida et al. 2009).
The exact location of MF is important for both diag-

nostic and clinical purposes.
As for diagnosis, MF can be mistaken for a pathology

near the apices of the premolar teeth. From a clinical as-
pect, knowing precisely the exact location of the nerve
and presence/absence of AL is paramount to prevent
any nerve injury with its postoperative sequala (Ngeow
and Yuzawati 2003). It was previously stated that the MF
most common position is below the apex of second pre-
molar (Fabian 2007) or between the apices of first and sec-
ond premolar (Al Jasser and Nwoku 1998). The MF
position is influenced by ethnic background, gender, age,
tooth loss, and subsequent ridge resorption (Igbigbi and
Lebona 2005). Literature shows that the length of AL may
vary among different groups of the population (Apostola-
kis and Brown 2012; Chen et al. 2013; Lu et al. 2015).
Injury to the mental nerve can cause sensory disturb-

ance in the lower lip, skin, and surrounding mucosa
(Greenstein and Tarnow 2006; Ritter et al. 2012), and
temporary or permanent neurosensory following surgical
placement of endo-osseous implants have been reported
(Bartling et al. 1999; Walton 2000).
To accurately locate the MF and AL, various tech-

niques have been suggested. This includes manual detec-
tion, direct inspection during surgery, panoramic or
periapical radiographs, magnetic resonance imaging
(MRI), computed tomography (CT), and cone beam
computed tomography (CBCT). Most of these methods
have limitations such as cost, excess radiation, and mag-
nification (Aminoshariae et al. 2014).

High-resolution CBCT is considered one of the most
promising and precise techniques present that can ac-
curately determine the position of MF and presence of
AL (Vujanovic-Eskenazi et al. 2015).
To the knowledge of the authors, no previous study

has mentioned the location of MF and prevalence of AL
among Egyptians using CBCT; hence, the present study
was done to determine the position of MF and its rela-
tionship to neighboring teeth and prevalence of AL in
the Egyptian population using CBCT.

Materials and methods
A retrospective analysis of CBCT was done in this
study. CBCTs were taken in a private radiology
centre (ORASCAN Oral & Maxillofacial Imaging
Centre) located in Cairo, Egypt. Being a retrospective
study, CBCT images of Egyptian patients who have
already been subjected to CBCT examination as part
of their dental diagnosis and/or treatment planning
during the years 2017 till 2019 were included ac-
cording to the proposed eligibility criteria. Based on
sample size calculation, a sample of 120 scans was
selected randomly between the scans that met the
eligibility criteria. CBCT images of mandible quad-
rants belonging to Egyptian individuals were in-
cluded in this study.

Inclusion criteria of CBCT images

� Only ethnic Egyptian population.
� Clear view of MF area including lower, upper,

lingual, and buccal borders of the mandible.
� Adjacent permanent teeth from canine to first molar

are present.

Exclusion criteria

� Presence of mixed dentition.

Fig. 1 Modified axial images showing presence of anterior loop (left) and absence of anterior loop (right)
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� Presence of any radiolucent or radiopaque lesion
obscuring the MF.

Retrospective data analysis was performed after the
CBCT images are pooled from the computer database.
Using Cranex® 3DX (SOREDEX, Finland), exposure param-
eters used were 0.2 voxel resolution, 8 × 6 cm FOV, 90
kVp, 10mA, and 6 s exposure time, and CBCT images were
analyzed using OnDemand3D ® app (Cybermed, Seoul,
Korea); using the 3D module, reference lines were modified
to confine with the buccolingual orientation of the inferior
alveolar loop, to obtain a modified axial cut showing the an-
terior loop of the inferior alveolar nerve ( if present) and
mental foramen opening on the same plane (Figs. 1 and 2).
On the modified sagittal plane, the width of the mental

foramen was measured, and the distance between the in-
ferior margin of the mental foramen and the inferior
border of the mandible was obtained (Fig. 3); the vertical
length of the mental foramen was also measured on the
modified cross-sectional images.

Statistical analysis
Data were analyzed using the Statistical Package for the
Social Sciences (SPSS-19.0) software package (IBM, Chi-
cago, USA).
Descriptive statistics was utilized for acquiring the

position of MF, presence of AL, and distance between
MF and inferior border of the mandible. It was also ap-
plied for frequency analysis of the distance between MF
and mandibular border.

Results
Position of mental foramen
The MF position with reference to the neighboring teeth
on the left side of the mandible is shown in Table 1.
Four cases (6.3%) of the MF were found below the apex
of 1st premolar (male = 100%, female = 0%); whereas in
20 cases (31.3%), the MF was located between the 1st
and 2nd premolars (male = 8 (40%), female = 12 (60%).
In 28 cases (43.8%), the MF was located below the apex
of 2nd premolar (male = 10 (35.7%), female = 18

Fig. 2 Reconstructed panoramic view showing presence of anterior loop (left) and absence of anterior loop (right)

Fig. 3 Modified sagittal image showing measurement of the width as well as distance of the MF from the inferior border of the mandible
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(64.3%)). Ten cases (15.6%) showed the position of MF be-
tween 2nd premolar and 1st molar (male = 6 (60%), female
= 4 (40%)) while 2 cases (3.1%) showed position of MF
below the apex of 1st molar (male = 100%, Female = 0%).
The position of the MF in relation to the neighboring teeth

on the right side of the mandible is shown in Table 2. Two
cases (3.6%) of MF were positioned below the apex of 1st
premolar (male = 0%, female = 100%), whereas 12 cases
(21.4%) showed the MF between 1st and 2nd premolars
(male = 4 (33.3%), female = 8 (66.7%)), and 38 cases (67.9%)
of the MF were located below the apex of 2nd premolar
(male = 14 (36.8%), female = 24 (63.2%)). Four cases (7.1%)
of the position of MF were between the 2nd premolar and
1st molar (male = 0%, female = 100%) while 0 cases (0%)
showed position of MF below the apex of 1st molar.

Size of mental foramen and distance from the inferior
border
The mean size of mental foramen showed a height of 3.32
mm in females, 3.60mm in males, and a width of 3.41mm
in females and 3.59mm in males. The mean value of dis-
tance from inferior border was 10.08mm in females and
10.55mm in males with no significance difference between
both genders. While regardless of gender, the mean height
and width of the mental foramen are 3.43mm and 3.49
mm respectively. Regarding the mean distance from the in-
ferior border irrespective of gender, it was found to be
10.27mm (Tables 3 and 4).

Presence of AL
Regarding the presence of the anterior loop, 66 (55%)
showed the presence of a loop while 54 (45%) had no loop
with no significant difference between gender (Fig. 4).

Discussion
The current study was aimed to detect the exact position
of the MF and presence or absence of anterior loop
using cone beam computer tomography in Egyptian
population. Proper determination of the location of MF
is mandatory for local anesthetic procedures as well as
for several oral surgical procedures to avoid serious
complications (Greenstein and Tarnow 2006). Literature
is scarce for this type of studies in the Egyptian popula-
tion; thus, comparisons were done in relation to differ-
ent populations.
Studies varied in locating the position of MF; some stud-

ies stated that the most common location is between 1st
and 2nd premolars. Differences exist in the location of MF
among different ethnic groups. Previous studies have
shown that the MF is commonly found between 1st and
2nd premolars (Gungor et al. 2006; Von Arx et al. 2013;
Verma et al. 2015; Currie et al. 2016). Some studies on the
Saudi population found out that the MF is most com-
monly located below the 2nd premolar (Al Jasser and
Nwoku 1998; Al-Mahalawy et al. 2017). Our results
showed the same where 43.8% of the scans are on the left
side and 67.9% of the scans are on the right side, and the
MF was located below the 2nd premolar. Variation be-
tween studies may be due to different methods of evalu-
ation, and studies carried out on CBCT are considered to
be more accurate and give more details about the exact lo-
cation over studies carried out on panoramic x-rays.
In our study, the MF was present on average 10.27

mm above the lower border of the mandible. In 386
CBCT scans, Kalender et al. (Kalender et al. 2012) found
the MF to be 12.4 mm above the lower border. It is

Table 1 Position of MF in relation to gender and adjacent teeth
on the left side of mandible

Variables Position of mental foramen
(left side)

Female Male

n % n %

Below 1st premolar 0 0% 4 100%

Between 1st and 2nd premolar 12 60% 8 40%

Below 2nd premolar 18 64.3% 10 35.7%

Between 2nd premolar and 1st molar 4 40% 6 60%

Below 1st molar 0 0% 2 100%

Table 2 Position of mental foramen in relation to gender and
adjacent teeth on right side of mandible

Variables Position of mental foramen
(right side)

Female Male

n % n %

Below 1st premolar 2 100% 0 0%

Between 1st and 2nd premolar 8 66.7% 4 33.3%

Below 2nd premolar 24 63.2% 14 36.8%

Between 2nd premolar and 1st molar 4 100% 0 0%

Below 1st molar 0 0% 0 0%

Table 3 Properties of mental foramen irrespective of gender

Variables Properties

Mean SD/%

Distance from inferior border 10.27 1.69

Height 3.43 1.11

Width 3.49 0.93

Table 4 Properties of mental foramen

Variables Gender

Female Male P value

Mean %/SD Mean %/SD

Distance from inferior border 10.08 1.64 10.55 1.76 0.156

Height 3.32 0.88 3.60 1.39 0.17

Width 3.41 0.85 3.59 1.04 0.21
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worth mentioning that studies with longer distance be-
tween mental foramen and inferior border of the man-
dible used the center of the MF and not the inferior
margin of the MF as the initial point of measurement
(Gupta 2008; Guo et al. 2009; Neiva et al. 2004; Agthong
et al. 2005).
Position of the MF in relation to inferior border of the

mandible or in relation to adjacent teeth carries import-
ant clinical implications including prevention of mental
nerve injury during oral surgical procedures in this re-
gion such as cyst inoculation, apical root end surgery at
mandibular premolar area, surgical extraction of im-
pacted teeth, fixation of mandibular fractures, and place-
ment of endo-osseous implants. Additionally, knowledge
about the precise position of the MF can lead to more
accurate and more profound local anesthesia (Iyengar
et al. 2013).
The presence of the AL of the mandibular canal is a

very interesting topic, especially when endo-osseous im-
plant placement is planned in the anterior mandible.
Previous studies on cadavers reported conflicting results
regarding presence of AL. Some studies reported high
frequency of AL, and these studies were questioned as
identification of the AL that was done by insertion of a
probe through the MF. This method of identification is
not accurate as the probe might be inserted into the an-
terior continuation of the mandibular canal, i.e., into the
mandibular incisive canal.
In the present study, 55% of the cases showed a pres-

ence of an AL, where it was found insignificantly more
in males than females. Von Arx has reported presence of
AL in 70.1% of the cases (Von Arx et al. 2013). Uchida
et al. also reported presence of AL in 71% of Japanese
cadaver hemi mandibles (Uchida et al. 2009). De

Oliveira-Santos et al. (De Oliveira-Santos et al. 2012)
assessed 100 CBCT bilaterally and showed less preva-
lence of an AL (22%) in axial images. They also reported
that the AL was not clearly distinguishable in 11% of
cross sections and in 5% of panoramic views. Their con-
clusion was that identifying the mental canal from sur-
rounding medullary spaces was quite difficult. This
might explain the difference between our study and
other studies that reported higher or lower frequencies
of AL. Also, different studies were performed on differ-
ent ethnic groups, thus, it could cause variations of the
results.
Regarding the size of the mental foramen, the mean

height was 3.43 mm, and the mean length was 3.49
mm; these are close to the results of another CBCT
study by Kalender et al. (Kalender et al. 2012). How-
ever, in our study, there was no significant difference
between both genders on the contrary to Kalender
et al. who found that males had significantly larger
MF than females.

Conclusion
The results of this study are consistent with similar
radiographic studies regarding size and position of MF
and distances between MF and adjacent important ana-
tomic structures. The most common position of the MF
is below the 2nd premolar. The anatomic position of the
MF must be considered during oral surgical procedures
in the premolar area. In 55% of the cases, AL was
present in the axial plane.

Abbreviations
MF: Mental foramen; AL: Anterior loop; CBCT: Cone beam computed
tomography; IAN: Inferior alveolar nerve; CT: Computed tomography;
MRI: Magnetic resonance imaging

Fig. 4 Bar chart representing presence of anterior loop
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