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ABSTRACT

Objectives: To determine the approximate location, shape and dimensions of the mental foramen in African subjects using 
panoramic radiographs.
Material and Methods: This study analysed 320 orthopantomograms of subjects from two centres. The analysis was done 
using the radiographic software tools (SIDEXIS, Bensheim, Germany) which allowed for determination of the position, shape 
and dimensions of the foramen. Furthermore, the right and left mental foramina were compared to ascertain both shape and 
positional symmetry.
Results: Most of the foramina analysed were horizontally positioned between the mandibular first and second premolars 
(65.9%) and vertically positioned greater than 2 mm below the apex of the second mandibular premolars. The average vertical 
dimension and horizontal dimension of the foramen is 2.87 (SD 1) mm and 3.56 (SD 1.23) mm respectively with 55.2% of the 
foramen analysed being ovoid in shape. Asymmetrical mental foramina were seen in 164 subjects (51.3%) while 156 subjects 
had symmetrical mental foramina (48.7%). 
Conclusions: The mental foramen is most commonly located between the mandibular premolars, greater than 2 mm below 
the apex of the second mandibular premolars. They are usually ovoid in shape with an almost equal distribution of asymmetry 
and symmetry.
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INTRODUCTION

The mental nerve is a key factor in many of the 
surgical and clinical procedures in routine clinical 
practice [1]. This nerve together with its accompanying 
vessels passes through the mental foramen which is 
described as a funnel like opening on the anterolateral 
surface of the mandible at the terminus of the mental 
canal [2]. The inferior alveolar nerve and vessels after 
being conveyed through the mandibular canal exit the 
mental foramen as the mental nerve and vessels which 
innervates the lower lip, labial mucoperiosteum of the 
ipsilateral lower incisors, canine and premolars as well 
as the mentum [1-3].
The anatomic as well as radiographic size, position, 
shape and symmetry have been reported by several 
authors [4-6]. Philips et al. [4] reported that 
anatomically the mental foramen is generally oval 
shaped with an average size of 4.6 mm horizontally 
and 3.4 mm vertically, positioned at the apex of 
the mandibular second premolar in 62.7% of the 
population [4]. A similar study on sixty-six dry 
mandibles of Nigerians also reported the vertical 
position of the mental foramen to be in line with the 
long axis of the second premolar teeth, mostly round 
in shape and often symmetric [5]. The accurate 
identification of the mental foramen is important 
in both diagnostic and clinical procedures [4]. The 
position of the foramen is of significant importance in 
local anaesthesia of the terminal incisive branches of 
the inferior alveolar nerve together with the mental 
nerve. In clinical practice, anaesthesia of these nerves 
could be effectively obtained if the mental foramen 
is adequately located and the anaesthetic solution 
dropped within it [4]. In addition, the knowledge of 
the mental foramen position is important in endodontic 
procedures especially those involving the premolars, 
treatment of fractures related to the parasymphyseal 
region of the mandible [7], osteotomies required 
for orthognathic surgeries [6], mandibular implant 
placement [8] and construction of complete dentures 
in the mandible [7]. All these procedures require an 
accurate knowledge of the location and orientation 
of the mental foramen which cannot be clinically 
visualized or palpated [4], hence it is important 
to identify the foramen position and describe the 
appearance, radiographically. The mental foramen 
has also been misdiagnosed as periapical radiolucent 
lesion involving the mandibular premolars [4]. This 
fact further strengthened the need to determine its 
radiographic features. Several studies characterizing 
the position of mental foramen have been presented 
from different populations of the world, including 

South-East Nigeria [5]. The aim of this study is to 
determine the position and characteristics of mental 
foramen from the multi-ethnic black subjects with a 
view to add to the body of evidence on the subject. The 
null hypothesis was that the mental foramen is ovoid in 
shape, equal in size, symmetrical and located between 
the mandibular premolars at a position inferior to the 
apices of their roots.

MATERIAL AND METHODS
Subjects and methods

This is a retrospective clinical study, carried out at two 
centres: Dental and Maxillofacial Surgery Department 
of the State House Medical Centre (SHMC), as well 
as QH Specialist Dental Clinics and Research Centre, 
both located in Abuja, Nigeria. The study involved 
the analyses of orthopantomograms (OPGs) that 
were taken over a period of five years, from March 
2013 to August 2018. Two observers (JA and AA) 
were calibrated and examined the digital forms of the 
panoramic radiographs in each center for a 2 week 
period difference. The selections were made on the 
premise that they satisfied the inclusion criteria.

Inclusion criteria

• Nigerian origin, age from 18 to 64 years.
• Film should show no radiographic exposure and 

processing artefacts.
• OPG of adult patient of both sexes with 

permanent dentition with no significant deformity 
or pathology of the mandible and had full 
complement of teeth anterior to the first molars.

• Radiographs having bilaterally visible mental 
foramina taken by the same machine.

Exclusion criteria

• Lack of clarity of OPG.
• Absence of one or both mental foramen, presence 

of benign pathologies, malignant pathologies or 
mandibular fractures.

The radiographs were obtained with the 
ORTHOPHOS XGPlusDS/Ceph (Sirona Dental 
systems GmbH, Bensheim, Germany) digital 
panoramic machine (tube voltage: 60 - 90 kV, tube 
current: 3 - 16 mA, total filtration of X-ray tube 
assembly: > 2.5 mm and magnification coefficient: 
1.25). Data was collected and entered into a proforma 
for the study which had parameters for determining 
the horizontal and vertical position, shape, size 
and symmetry of the right and left mental foramen. 
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The mental foramina were located in each OPG 
and measurements of both vertical and horizontal 
dimensions were made using the radiograph software 
(SIDEXIS, Bensheim, Germany) hand tool and 
measuring tools. The radiographic horizontal position 
of the mental foramen was divided into three parts 
using the modified Bokhari criteria [9]. These 
included:
• Position I: mesial to the first premolar.
• Position II: between the first and second 

premolars.
• Position III: distal to the second premolars.
The radiographic vertical position was divided into six 
types using the modified Ngeow and Yuzawati criteria 
[2]:
• Position 1: > 2 mm inferior to the apex of the first 

premolar.
• Position 2: > 2 mm inferior to the apex of the 

second premolar.
• Position 3: < 2 mm inferior or at the apex of the 

first premolar.
• Position 4: < 2 mm inferior or at the apex of the 

second premolar.
• Position 5: superior to the apex of the first 

premolar.
• Position 6: superior to the apex of the second 

premolar.
The shape of the foramen was estimated using the 
elliptical tool of the radiographic software. Symmetry 
was determined based on two criteria that included 
having the same shape as well as the same horizontal 
and vertical position on both sides.

Table 1. Comparison of the distribution of horizontal [9] and vertical 
[2] position of the mental foramina between the right and left sides 
among 320 subjects

Right Left
P-value

N (%) N (%)
Horizontal position
I 1 (0.3) 2 (0.6)

0.001bII 194 (60.6) 228 (71.3)
III 125 (39.1) 90 (28.1)
Vertical position
1 3 (0.9) 0 (0)

0.981a

2 208 (65) 189 (59.1)
3 0 (0) 5 (1.6)
4 107 (33.4) 125 (39.1)
6 2 (0.6) 1 (0.3)

 
aNo statistically significant association at the level P < 0.05, Chi-
square test.
bStatistically significant association at the level P < 0.05, Chi- 
square test.
N = number of mental foramen observed at each horizontal position.

Statistical analysis

Data collected were analysed using Statistical Package 
for the Social Sciences (SPSS) version 20 (SPSS 
Inc., Chicago, USA). Frequency distributions and 
cross-tabulations were obtained, and Chi-square 
test was used to perform analyses of the mental 
foramina’s vertical and horizontal position, shape 
and symmetry according to patients’ age and sex. 
The ages of subjects were divided into two broad 
categories - young adult group (18 - 39 years) and 
middle-age group (40 - 64 years). Parametric data for 
the vertical and horizontal foramen dimensions were 
expressed as mean and standard deviation (M [SD]). 
The independent Students’ t-test was used to compare 
the mean vertical and horizontal dimensions between 
the age groups and sex distribution. Statistical 
significance level was defined at P = 0.05.

RESULTS

A total of 1837 OPGs were extracted from both 
centres and after the inclusion and exclusion criteria 
were used, 320 OPGs were finally obtained as the 
definitive sample which was later analyzed. The 
Kappa (κ) values for intra-observer agreement were 
0.86 (AA) and 0.82 (AA) for the OPGs analyzed. 
This encompassing study assessed the radiographic 
position, size, shape and symmetry of the mental 
foramina from subjects within the age range 18 to 64 
years (38.5 [SD 11.7] years, 54.1% males and 45.9% 
females). In addition, 172 subjects were young adults 
(53.8%) while 148 subjects were middle-aged adults 
(47.2%). All parameters used for the mental foramen 
analysis in this study were applied to both right and 
left sides of all reviewed OPGs.

Horizontal and vertical position

The modal horizontal position of the mental foramen 
was between the long axes of the mandibular first and 
second premolars as observed in 422 mental foramina 
(65.9%) with 215 mental foramina positioned distal 
to the mandibular second premolar (33.6%) (Table 1). 
Furthermore, there was no difference in the frequency 
pattern based on the horizontal position of the 
foramina between the right and the left sides although 
a position distal to the mandibular second premolars 
was commoner on the right side (Table 1).
The modal vertical position of the mental foramen 
was greater than 2 mm inferior to the apex of the 
second mandibular premolar as observed in 397 
mental foramina examined (62%) (Table 1). In total, 
a vertical position located at the apex or inferior to 
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the apices of the second premolar was recorded in 
629 mental foramen analysed (98.3%). There was no 
disparity in the frequency of the vertical position of 
the mental foramina between the two sides analysed. 
However, a vertical position inferior to the apex of the 
first mandibular premolar was observed only on the 
left side.

Size and shape

The vertical dimension of the mental foramina in this 
study ranged from 0.8 to 8.1 mm with an average 
dimension of 2.87 (1) mm. The average horizontal 
dimension was 3.56 (1.25) mm with a range of 0.7 
to 7.9 mm. The foramen on the right had an average 
vertical and horizontal dimensions of 2.88 (1) mm 
and 3.60 (1.25) mm respectively while the average 
left vertical and horizontal dimensions were 2.73 (1) 
mm and 3.52 (1.24) mm respectively. Young adults 
had larger horizontal and vertical dimensions of the 
foramen when compared to middle aged adults and 
this was statistically significant (P = 0.046, P = 0.049) 
(Table 2).
The most prevalent shape in these subjects 
was the ovoid shape as observed in 353 mental 
foramina (55.2%) with the irregular shape 

Table 2. Sex and age distribution of mental foramina size among 
320 subjects

Vertical 
diameter

Horizontal 
diameter P-value

Mean (SD) Mean (SD)

Sex
Male 2.95 (1.038) 3.65 (1.264) 0.213a

Female 2.81 (0.962) 3.54 (1.226) 0.446a

Age 
group

Young adults 2.98 (1.065) 3.72 (1.31) 0.046b

Middle-aged adults 2.77 (0.921) 3.46 (1.155) 0.049b

aNo statistically significant difference at the level P < 0.05, 
independent sample t-test.
bStatistically significant difference at the level P < 0.05, independent 
sample t-test.
SD = standard deviation.

Table 3. Sex distribution of the mental foramen shape among 320 subjects

Shape
Male Female

Right Left
P-value

Right Left
P-value

N (%) N (%) N (%) N (%)
Uniformly circular 20 (11.6) 26 (15)

0.728a

13 (8.8) 18 (12.2)
0.177aIrregular 54 (31.2) 65 (37.6) 47 (32) 44 (29.9)

Ovoid 99 (57.2) 82 (47.4) 87 (59.2) 85 (57.9)
Total 173 (100) 173 (100) 147 (100) 147 (100)

aNo statistically significant association at the level P < 0.05, Chi-square test.
N = number of mental foramen observed.

and uniformly  circular shape accounting for 32.8% 
and 12% respectively. Also, there was no difference 
in the occurrence of the mental foramen shape 
between the right and the left side of the subjects 
as well as between the male and female subjects| 
(Table 3). Comparing the two main age groups (young 
and middle-aged adults), there was no difference in 
the shape distribution across both age groups although 
the irregular shape was higher in individuals less than 
40 years. Figure 1 - 3 shows variants of the mental 
foramen shape observed.

Symmetry

Asymmetrical mental foramina were seen in 164 
OPGs (51.3%) while 48.8% of subjects (156 OPGs) 
had symmetrical mental foramina. Regarding the age 
groups, 95 OPGs of young adults had asymmetrical 
mental foramina (55.2%) while 79 OPGs of middle-
aged individuals were symmetrical (53.4%) 
(P = 0.521). Analysis further revealed that males 
had more asymmetrical mental foramina (53.8%) 
while females had more symmetrical mental foramen 
(51.7%) (P = 0.215). Figure 1 - 4 shows variants of 
the mental foramen based on symmetry.

DISCUSSION

The mental nerve is transmitted by the mental 
foramen which also serves as an opening for the flow 
of local anaesthetic solutions to the incisive nerve 
[1]. Adequate determination of the radiographic 
position and features of the foramen in particular 
is much needed in order to corroborate anatomic 
descriptions that were made in times past. The 
horizontal position of the mental foramina observed 
in this study is consistent with the reports of Al-
Juboori et al. [10] among Malaysian subjects, Bokhari 
et al. [9] among Saudi Arabian subjects, Al-Shayyab 
et al. [11], among Iraqi subjects and Olasoji et al. 
[12] in Northern Nigerian subjects. Our finding was 
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Figure 1. Panoramic radiograph showing irregularly shaped, symmetrical mental foramina.

Figure 2. Panoramic radiograph showing ovoid shaped, asymmetrical mental foramina. The mental foramen 
were deemed asymmetrical due to the variations in the vertical position of the right and left foramen.

Figure 3. Panoramic radiograph showing uniformly circular, symmetrical mental foramina.
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however in contrast with the positional observations 
by Ukoha et al. [5] in South-Eastern Nigeria 
with 58.3% of the foramen analysed horizontally 
positioned directly in line with the second mandibular 
premolar. Our findings further revealed that there 
was no difference in the occurrence of this horizontal 
position between the two sides in this study with rates 
of 60.6% and 71.3% obtained on the right and left 
foramina respectively. This is also similar to the report 
of Bokhari et al. [9] on 900 panoramic radiographs in 
Saudi Arabia where 72% of the left mental foramen 
and 52% of the right mental foramen were positioned 
between the mandibular premolars. Alok et al. 
[13] however reported in their study in a Bareilly 
population of India, a horizontal position between the 
mandibular first and second premolars of 19.1% and 
19.5% on the right and left sides which was lower 
and in contrast with our observations. The vertical 
position of the mental foramina analysed in this study 
is inconsistent with the observation of Bokhari et 
al. [9] in Saudi Arabia where majority of the mental 
foramina were positioned vertically inferior to the 
apex of the first mandibular premolar.
Regarding the size of the mental foramen, it was 
observed to be larger on the right than the left side. 
This finding was in contrast with the size variation 
reported by Phillips et al. [4] with 75 dry mandibles 
of American adults which the left mental foramen was 
observed to be larger. This may be as a result of the 
smaller sample size utilized in the later study. Our 
study observed a statistically significant difference in 
the size of the mental foramen based on the age group 
of the subjects with young adults having larger mental 
foramina than middle aged individuals indicative 

of narrowing of the foramen with increasing age, 
P = 0.046 and 0.049 consequently.
Most of the analysed mental foramina were ovoid 
in shape. Although this finding was also reported 
in some reports by Phillips et al. [4] in American 
subjects, Mbajiorgu et al. [14] in Zimbabwean 
subjects, Budhiraja et al. [15] in North Indian subjects 
and Oliveira et al. [16] in a South-American subjects, 
the second most common shape of the foramen was 
the round type which is not consistent with the shape 
distribution in our findings. This study observed 
a greater occurrence of irregularly shaped mental 
foramen than the uniformly circular/round shape. In 
contrast with the shape distribution in our study, Al-
Shayyab et al. [11], al-Khateeb et al. [17] and Singh 
et al. [18] in their study among Jordanian, Indian and 
Iraqi subjects respectively, reported that most mental 
foramen were commonly observed as being round in 
shape than ovoid which is totally inconsistent with our 
reports. Ukoha et al. [5] in a study involving 66 dry 
mandibles in South-Eastern Nigeria also reported the 
round type as the most common shape of the mental 
foramen which is contradicts our findings. This may 
be attributed to the higher number of the mental 
foramina analysed as well as the multi-ethnic location 
of our study. The contradictory report of different 
shapes of ovoid, round and irregular shapes among 
different ethnic groups of the world may also not be 
unconnected with the method of assessment which is 
subjective and difficult to standardize.
This study examined both shape and positional 
symmetry and observed that there was a fairly 
equal distribution with a slight majority of the 
mental foramina analysed being asymmetrical. 

Figure 4. Panoramic radiograph showing asymmetric mental foramina based on position and shape variations. 
The right mental foramen has an ovoid shape and horizontally positioned distal to the long axis of 45 while 
the left mental foramen has an irregular shape and is horizontally positioned along the long axis of 35.
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This is in contrast to the reports of Alok et al. [13] in 
a Bareilly population in which the mental foramina 
were symmetrical in 81.7% of the subjects. 
Al-Shayyab et al. [11] in their Iraqi study involving 
518 Iraqi panoramic radiographs also reported 
that 78.4% were symmetrical while 21.6% were 
asymmetrical. This is likely as a result of the limited 
criteria of determining symmetry based on the 
position that was used in their study. This study 
has reported more symmetrical foramina in middle 
aged patients compared with young adults. It could 
be concluded that symmetry is proportional with 
increasing age. This fact has not been a point of 
discussion in the literature and will require further 
studies for authentication. The difference in symmetry 
by studies could also be as a result of the dominant 
age in the different studies. 
Some recent studies have also assessed the position 
and/or shape of the mental foramen using either 
three-dimensional cone-beam computed tomography 
(CBCT) techniques or intraoperatively in patients 
being managed on account of mandibular fractures. 
Alam et al. [19] in a retrospective study in Saudi 
Arabia involving CBCTs of 395 subjects reported 
a prevalent horizontal position that is in line with 
the long axis of the second premolar (41.3%) and 
a vertical position inferior to its apex (93.2%) with 
most of them being round in shape (72.7%). While 
these results are consistent with our reports in terms 
of both horizontal and vertical position, the prevalent 
shape in our study is the ovoid shape which is in 
contrast with that observed by Alam et al. [18]. Also, 
2.53% of subjects examined had one or two accessory 
mental foramen with the use of three-dimensional 
CBCT imaging while none were seen in all 320 
OPGs analysed in this study which may indicate that 
this more recent imaging technique is more likely to 
reveal the presence of an accessory mental foramen 
than conventional radiographic techniques. In an 
intraoperative assessment of the position and shape 

of the mental foramen, El-Anwar et al. [20] observed 
in a study involving forty-six subjects with different 
types of mandibular fracture in Egypt that the mental 
foramen was horizontally positioned between the first 
and second premolars in 78.3% of subjects which is 
similar to our radiographic report.

CONCLUSIONS

It could be concluded that the landmark for the mental 
nerve block among Sub-Saharan Africans lies at a 
point about 2.5 to 3 mm apical to the mandibular 
premolar most commonly between the long axes of 
the mandibular first and second premolars. Mental 
foramina were found to be ovoid or sometimes 
irregular in shape and usually measures averagely 
2.87 mm by 3.56 mm. Younger individuals had 
larger mental foramina dimension than middle-aged 
adults with this finding being statistically significant. 
Also males had larger mental foramen than females 
although this was not statistically significant. Though 
symmetry and asymmetry of the mental foramina are 
fairly evenly distributed, no statistically significant 
difference was recorded. More symmetrical foramina 
were found in middle aged patients compared with 
young adults. It could be concluded that symmetry is 
directly proportional to the age. This fact has not been 
a point of discussion in the literature and will also 
require further studies for authentication. 
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