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Introduction
The mental foramen (MF) is a funnel-like opening located on the 

lateral aspect of the mandible. It is an important anatomical landmark 
through which the inferior alveolar nerve and vessel bundles pass. 
Once the nerve leaves the MF, it branches to innervate the anterior 
teeth and neighboring structures. The blood vessels supply the soft 
tissues of the lower jaw. Surgeons must establish the position of the MF 
accurately because any invasive procedure performed in this oral and 
maxillofacial region may damage the neurovascular bundles and cause 
serious sequelae, such as labiomandibular paresthesia or anesthesia 
[1,2]. Knowledge of the precise position of the MF would also facilitate 
a mental nerve block.

Although root canal therapy is the primary method to treat 
endodontic diseases, its rate of success is less than 100% and some 
patients require periapical surgery [3,4]. Because the MF is located 
near the root apices of the mandibular premolars, periapical surgery 
performed in this region may damage the neurovascular bundles. 
Thus, it is important to explore the precise position of the MF and 
its relationship with peripheral structures. However, previous studies 
of the MF, which were performed on human cadavers [5,6] or using 
panoramic radiographs [7,8], had some shortcomings. Sample 
sizes were relatively small, and the superimposition of structures on 
radiographs made it difficult to identify the three-dimensional (3D) 
relationships between the MF and root apices.

Recently, cone-beam computed tomography (CBCT) has been 
introduced to dental practice. It has shown several advantages, such as 
improved spatial resolution and reduced radiation dose. This technique 
has significantly improved the 3D imaging of osseous structures [9,10]. 
Due to these superiorities, CBCT has been utilized frequently in dental 
practice, such as for the diagnosis of endodontic diseases and the 
planning of periapical surgery and implant placement. A large CBCT 
database has thus accumulated, allowing the analysis of particular 
features in a large sample. CBCT also enables the visualization of 
3D structures from different directions, and the ability to avoid 
superimposition allows the relationships between peripheral structures 
to be identified clearly. No significant difference in measurements of 
mandibular anatomy made with CBCT software or calipers has been 
found [11-13]. Hence, the exploration of the precise location of the 
MF could be facilitated by the use of CBCT images. The aim of this 
study was to investigate the position of the MF and its relationship to 
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Abstract
Backgroud: This study investigated the anatomic relationship between mental foramen and peripheral struc-

tures using cone-beam computed tomography. 

Methods: In total, 172 cone-beam computed tomography images were evaluated. Mental foramen number, 
size, and form were recorded, and their three-dimensional relationships with mandibular premolar root apices were 
investigated. The percentile position of each mental foramen relative to bony reference points was measured, and 
distances from mental foramen to the cement enamel junctions of the mandibular premolars were determined. Data 
were analyzed and compared among groups defined by age and sex using one-way analysis of variance and Stu-
dent’s t-test, respectively (significance defined as P<0.05). 

Results: Most of the subjects had a single mental foramen on each side; only 5.81% had double foramina. The 
mean horizontal and vertical MF diameters were 5.14 (1.10) mm and 3.85 (0.72) mm, respectively. 67% of mental 
foramen had an oval horizontal form and the others were round. Mean distances from mental foramen to the alveolar 
crest and inferior mandibular border were 11.88 (2.49) mm and 13.65 (1.75) mm, respectively. The cementoenamel 
junctions of mandibular premolars were ~14 mm superior to mental foramen were most commonly positioned in line 
with the longitudinal axis of the mandibular second premolar. 

Conclusions: Most mental foramen were located in line with the longitudinal axis of the mandibular second 
premolar. The detailed information about the relationship between MF and peripheral structures obtained in this 
study will facilitate dental surgery in this oral and maxillofacial region.
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peripheral structures using CBCT imaging and measurements made 
with the corresponding software.

Materials and Methods
Patient selection

This study was approved by the Ethics Committee of West China 
College of Stomatology, Chengdu, Sichuan, China. Patients enrolled 
in the study had received CBCT scans between November 2009 
and February 2011 for a variety of reasons at West China Hospital 
of Stomatology. The CBCT images were selected according to the 
following criteria: 1) the mandibular first and second premolars and 
MF were visible; 2) no lesion was present in the cervical area of the 
premolars; 3) the premolars were oriented upright; and 4) no bone 
resorption had occurred in the superior bony crest. 

A total of 172 patients (68 females, 104 males) were included in the 
study. The mean age of the patients was 36.8 (range, 12-75) years. The 
patients were divided into three age groups [14]: group I, <18 years of 
age, group II, 18-49 years of age, and group III, >49 years of age.

Evaluation of CBCT images

All CBCT images were obtained using a 3D Accuitomo unit (Morita 
Co., Tokyo, Japan) at 80 kV and 5.0 mA, with a voxel size 0.125-0.25 
mm and an exposure time of 17.5 s. Data were reconstructed with 
slices at 1-mm intervals. All images were analyzed using specialized 
computer software (i-Dixel One Volume Viewer, ver. 1.5.0; J. Morita 
Mfg. Corp., Kyoto, Japan). To enable the identification of the MF and 
the exploration of its relationship to peripheral structures, CBCT scans 
were oriented according to the following criteria: 1) the longitudinal 
axes of both mandibular premolars were oriented perpendicular to the 
Z cursor line; and 2) the X cursor line was tangent to the outline of the 
MF in an axial slice (Figure 1A).

After orientation, the horizontal and vertical diameters of each 
MF were determined, and the ratio of these two diameters (H:V) was 
calculated. H:V was used to classify the form of each MF into one of 
three types[15]: type I, oval horizontal form, H:V>1.24; type II, oval 
vertical form, H:V<0.76; and type III, round form, 0.76 ≤ H:V ≤ 1.24.

To establish the precise position of each MF, its horizontal 
relationships with the mandibular first and second premolars were 

classified into one of three types. In type A, the root apex of the 
premolar was located mesial to the MF, and the horizontal distance 
between the root apex and the mesial margin of the MF (HDM) was 
measured. In type B, the root apex was located distal to the MF, and the 
horizontal distance between the apex and the distal margin (HDD) was 
measured. In type C, the root apex was located between the mesial and 
distal margins of the MF, and the horizontal distances from the apex to 
both of these margins were measured.

The vertical relationships between each MF and the root apices of 
the mandibular first and second premolars were also classified into one 
of three types. In type A, the root apex was located superior to the MF, 
and the vertical distance between the apex and the superior margin 
of the MF (VDS) was measured. In type B, the root apex was located 
inferior to the MF, and the vertical distance between the apex and the 
inferior margin of the MF (VDI) was measured. In type C, the root 
apex was located between the superior and inferior margins of the MF, 
and the vertical distances from the apex to both of these margins were 
measured.

The percentile position of each MF between the superior bony crest 
and the inferior mandibular border was also determined. This position 
was defined as the ratio between the distance from the superior margin 
of the MF to the superior bony crest (SMB) and that from the inferior 
margin of the MF to the inferior border of the mandible (IMB). 
The distances from the cementoenamel junctions (CEJs) of both 
mandibular premolars to the superior margin of the MF (SMC1 and 
SMC2) were also determined.

All images were evaluated by an experienced endodontist. For 
calibration and the evaluation of intra-examiner reliability, the 
horizontal diameters of 40 randomly selected MF were measured 
twice on two different days, resulting in a mean difference of 0.15 mm 
per image. For the final analysis, each measurement was performed 
twice. If the difference between the two values was ≥0.2 mm, a third 
measurement was made. Mean values were then calculated [14-16].

Statistical analysis

Data were presented as the mean (SD). The difference in the 
distribution of sex among age groups was first analyzed using the chi-
squared test. The position and size of the MF were then analyzed among 
groups defined by age and sex using one-way analysis of variance 
(ANOVA) and Student’s t-test separately. Data were considered 
significant at P<0.05.

Results
Size and form of the MF

Most patients had a single MF on each side, except for 10 (5.81%) 
patients with double MF (Figure 2) who were excluded from further 
analysis. Among the remaining patients, a chi-squared test found no 
significant difference in sex distribution among the three age groups 
(Table 1).

The mean horizontal and vertical diameters of the MF were 5.14 
(1.10) mm and 3.85 (0.72) mm, respectively; and the mean H:V was 
1.35 (0.24). Among the measurements of MF size, age affected only 
horizontal diameters, which differed significantly between patients 
aged <18 years and those aged 18–49 years (P<0.05; Table 2). The MFs 
of male patients were larger than those of female patients, reflected in 
significant differences in horizontal and vertical diameters (P<0.05; 
Table 2).

Figure 1: Measurement diagram. A. Criteria used to orient cone-beam 
computed tomography images: 1) the longitudinal axis of the mandibular 
premolar was perpendicular to the Z cursor line, and 2) the X cursor line 
was tangent to the outline of the mental foramen (MF) in an axial slice. B 
and C. Illustrations of the measurements used to determine the relationships 
between the MF and peripheral structures. SMB, the distance from the 
superior margin of the MF to the superior bony crest; IMB, the distance from 
the inferior margin of the MF to the inferior border of mandible; HDM, the 
horizontal distance between the root apex and the mesial margin of the MF; 
HDD, the horizontal distance between the apex and the distal margin of the 
MF; VDS, the vertical distance between the apex and the superior margin of 
the MF; VDI, the vertical distance between the apex and the inferior margin 
of the MF; SMC, the distance from the cementoenamel junction of the first or 
second mandibular premolar to the superior margin of the MF.
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The classification of MF form using H:V revealed that most (67%) 
MF had an oval horizontal form (Figure 3A) and the others (33%) were 
round (Figure 3B). No MF had an oval vertical form. The MF form 
did not differ significantly among age groups or between sex groups 
(P>0.05, chi-squared tests; Table 2).

Position of the MF
The mean SMB and IMB were 11.88 (2.49) mm and 13.65 (1.75) 

mm, respectively. The mean ratio of these two distances, which was 
used to define the percentile position of the MF, was 0.88 (0.23). 
ANOVA found no significant difference in these three values among 
age groups (P > 0.05; Table 2), but Student’s t-tests showed that SMB 
and IMB were significantly larger in male subjects than in female 
subjects (P<0.05; Table 2).

Mean SMC1 and SMC2 were 14.61 (2.45) mm and 14.26 (2.42) 
mm, respectively. Like SMB and IMB, these values were larger in male 
subjects than in female subjects (P<0.05; Table 2).

In most cases (98.71%), the MF was found to be located distal to 
the root apex of the mandibular first premolar (Figure 4A), of which 
62.09% were inferior and 1.96% were superior to the apex. The others 
were in the same horizontal plane as the apex. The average distance 
from the root apex of the first premolar to the mesial margin of the MF 
was 5.29 (1.94) mm (Table 3).

The mandibular second premolar was also evaluated as an 
important reference point. Most (74.67%) MF were in line with the 
longitudinal axis of the second premolar (Figure 4B), whereas 14% 
were distal and 11.33% were mesial to the root apex. Among the MF 
located in line with the longitudinal axis of the second premolar, 
36.61% were superimposed on the root apex of the second premolar 
(Fig. 5A), 56.25% were a mean of 2.34 (1.77) mm inferior to the root 
apex (Figure 5B), and 7.14% were a mean of 1.73 (1.68) mm superior 
to the apex (Figure 5C).

Discussion
The MF is usually single; any additional foramen present in this 

area is called accessory mental foramen (AMF). The presence of an 
AMF has been suggested to result from the branching of the mental 
nerve before it exits the MF. Ignoring the presence of an AMF may 
cause unexpected damage to the neurovascular bundles or lead to the 
failure of a mental nerve block. In the present study, AMF were found 
in 5.81% of patients, which was similar to the 5% incidence reported 
in a previous study in a Chinese population [5]. The incidence of AMF 
appears to vary among ethnic groups; Mwaniki et al. reported multiple 
foramina in 4.5% of an African population [17], Kalender et al. 
observed AMF in 6.5% of a Turkish population [18], and incidences of 
6.68% and 7% were found in Greek [19] and Japanese [20] populations, 
respectively. In adult Sri Lankan [6] and Indian [21] populations, the 
incidence of AMF was found to be 3.92% and 8.9%, respectively.

The mean horizontal (5.14 (1.10) mm) and vertical (3.85 (0.72) 
mm) MF diameters observed in the present study were larger than 
those reported in a Sri Lankan population (horizontal diameter: 3.31 
(0.76) mm; vertical diameter: 2.50 (0.61) mm) [6]. The distribution 
of MF forms (67% oval horizontal, 33% round) was similar to those 

Figure 2: Examples of double foramina.

Age group 
(years)

Sex
Total

Male Female
<18 8 1 9

18–49 70 50 120
>49 19 14 33
Total 97 65 162

Table 1: The patient sample classified by age and sex.

Subgroup

MF size MF form (type) Position relative to bony structures Position relative to CEJs of 
mandibular premolars

Horizontal 
diameter*& 

(mm)

Vertical 
diameter* 

(mm)
H:V I II III SMB* 

(mm)
IMB* 
(mm) SMB:IMB SMC1*& (mm) SMC2* 

(mm)

Age (years)

<18 6.06 ± 1.09
(4.23–7.34)

4.05 ± 0.70
(2.81–5.24) 1.50 ± 0.11 9 0 0 11.76 ± 1.03

(9.54–12.81)
13.47 ± 2.03

(11.17–15.00) 0.86 ± 0.18 13.48 ± 1.76
(12.17–17.93)

13.17 ± 2.10
(11.75–18.33)

18–49 5.04 ± 1.04
(2.75–7.73)

3.81 ± 0.69
(2.25–6.39) 1.34 ± 0.24 79 0 41 12.03 ± 2.58

(6.25–19.35)
13.69 ± 1.69
(9.73–17.25) 0.88 ± 0.23 14.47 ± 2.47

(8.5–22.38)
14.19 ± 2.34

(10.00–21.00)

>49 5.27 ± 1.20
(2.60–8.31)

3.93 ± 0.82
(2.32–5.84) 1.35 ± 0.25 20 0 13 11.37 ± 2.41

(5.75–16.25)
13.51 ± 1.99
(9.50–18.26) 0.87 ± 0.25 15.54 ± 2.37

(10.00–20.03)
15.01 ± 2.75

(10.45–20.58)

Sex
Male 5.31 ± 1.11

(2.60–8.31)
3.98 ± 0.69
(2.25–5.84) 1.35 ± 0.24 65 0 32 12.25 ± 2.35

(5.75–19.35)
14.37 ± 1.55

(10.30–18.26) 0.86 ± 0.22 15.00 ± 2.34
(10.20–22.38)

14.62 ± 2.52
(10.00–21.00)

Female 4.89 ± 1.04
(2.75–7.73)

3.65 ± 0.71
(2.38–6.39) 1.35 ± 0.24 43 0 22 11.34 ± 2.60

(6.25–17.03)
12.65 ± 1.51
(9.50–16.22) 0.91 ± 0.25 13.97 ± 2.52

(8.5–19.04)
13.61 ± 2.10

(10.25–18.25)

H:V, the ratio of horizontal diameter to vertical diameter of the mental foramen (MF); SMB, the distance from the superior margin of the MF to the superior bony crest; IMB, 
the distance from the inferior margin of the MF to the inferior border of the mandible; SMC1: the distance from the cementoenamel junction of the mandibular first premolar 
to the superior margin of the MF; SMC2: the distance from the cementoenamel junction of the mandibular second premolar to the superior margin of the MF. The form of the 
MF was classified into three types: type I, oval horizontal form; type II, oval vertical form; type III, round form. *Significant difference between sexes; &significant differences 
among age groups. The numerical values in parentheses indicate ranges.

Table 2: Size, form, and position of the mental foramen analyzed by age and sex.
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reported in most previous studies [6,15]. However, Sankar [21] found 
that the round MF form was most common in an Indian population.

In the present study, horizontal and vertical MF diameters were 
larger in male patients than in female patients, as were SMB, IMB, 
and SMCs. This sex difference was consistent with previous reports 
[22,23] and can be attributed to the relatively smaller size of mandibles 
in females versus males [18]. Mean IMB (13.65 (1.75) mm) values 
obtained in the present study corresponded with the results of Gupta 
(IMB: 13 mm) [24], but were smaller than those observed by Ozturk 
(IMB: 16 mm) [25] and Guo (IMB: 15.56 (1.74) mm) [5].

Given that periodontal disease frequently causes bone resorption 
at the alveolar crest, the CEJs of the mandibular premolars provide 
better reference points for the location of the MF. The present study 
found that the MF was generally located about 14 mm inferior to the 
CEJs. However, when these data are used in dental surgery, some 
prerequisites should be considered: the premolars should be oriented 
upright and no lesion should be present in the cervical area of the teeth.

Although the relationships between the MF and bony structures 
or CEJs of the mandibular premolars aid in understanding the precise 
position of the MF, the most important factor for periapical surgery 
is the spatial relationship between the MF and the root apices of the 
mandibular premolars. These relationships are used to determine the 
safe range of surgery performed in this region, so that damage to the 
neurovascular bundles exiting the MF can be avoided. The results of 
the present study indicate that periapical surgery performed in the root 
apex of the first premolar has a relatively low risk of causing damage 
to the mental nerve because most MF are located distal to this apex. 
However, surgery in the root apex of the second premolar should be 
performed very carefully, as 74.67% of MF in the present study were 
in line with the longitudinal axis of the second premolar, located in 
the range from 2.34 (1.77) mm inferior to 1.73 (1.68) mm superior 
to the root apex. In addition, 36.61% of MF were superimposed over 
the root apex of the second premolar. Thus, the surgical entry should 
be designed properly to avoid damage to the neurovascular bundles. 
These findings are consistent with those of some previous studies. In a 
Chinese population, the MF was most commonly located in line with 

Figure 3: Forms of the mental foramen. A. Type I, oval horizontal form. B. 
Type III, round form.

Figure 4: Horizontal relationships between the mental foramen (MF) and the 
root apices of the mandibular premolars. A. The MF is located between the 
first and second mandibular premolars. B. The MF is located in line with the 
longitudinal axis of the mandibular second premolar.

Figure 5: Three-dimensional relationship between the mental foramen (MF) 
and the root apex of the mandibular second premolar. In all three images, the 
MF is in line with the longitudinal axis of the mandibular second premolar. A. 
The MF is superimposed over the root apex. B. The MF lies inferior to the root 
apex. C. The root apex is just inferior to the MF.

Distance
Horizontal relationship (mm) Vertical relationship (mm)

A B C A B C

First mandibular 
premolar

HDM 5.29 ± 1.94
(1.14–11.45)

0.53 ± 0.40
(0.25–0.81)

HDD 5.35 ± 0.49
(5–5.75)

VDS 2.79 ± 1.77
(0–7.00)

1.82 ± 0.96
(0.41–4.25)

VDI 1.84 ± 1.45
(0.64–4.64)

1.93 ± 1.17
(0.18–4.75)

Second mandibular 
premolar

HDM 1.36 ± 1.47
(0–5.25)

2.99 ± 1.73
(0.25–7.33)

HDD 2.43 ± 2.26
(0.14–6.52)

2.43 ± 1.76
(0–7.1)

VDS 2.48 ± 1.80
(0–8.75)

1.77 ± 0.96
(0.14–3.87)

VDI 0.91 ± 0.47
(0.32–1.82)

2.10 ± 1.43
(0–7.13)

HDM, the horizontal distance between the root apex and the mesial margin of the MF; HDD, the horizontal distance between the apex and the distal margin of the MF; VDS, 
the vertical distance between the apex and the superior margin of the MF; VDI, the vertical distance between the apex and the inferior margin of the MF. The numerical 
values in parentheses indicate ranges.

Table 3: Mean distances (and ranges) from the MF to the root apices of the premolars.
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the longitudinal axis of the second premolar [26,27]. The same position 
was also observed to be most common in Saudi [28], Nigerian [29], 
Kenyan [17], Sri Lankan [6], and Kurdish [7] populations. However, 
other studies suggested that most MF were located between the first 
and second premolars [8,15,30]. Thus, the location of the MF appears 
to show racial differences [31].

In conclusion, this study investigated the anatomic relationship 
between the MF and peripheral structures using CBCT, and found that 
the MF was most commonly located in line with the longitudinal axis 
of the second premolar. This detailed information about the position 
of the MF will facilitate dental surgery or nerve block in this oral and 
maxillofacial region.
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