
INTRODUCTION:
 Mental foramen is an anatomical landmark 
located on the anterolateral surface of the body of the 
mandible.It marks the termination of the mandibular 
canal in the mandible, through which the inferior 
alveolar nerve and vessels pass. It forms an important 

[1]anatomical landmark in the mandible. A complete 
understanding of this structure is essential, as it 
emerges as a neurovascular bundle, and any direct or 
indirect damage during surgical procedure would lead 

[2]to complications. It is known that there are no absolute 

anatomical landmarks for reference, and the foramen 
cannot be clinically visualized or palpated. The mental 
foramen differs in size, shape and location which may 

[3]be related to race, age and gender. Several imaging 
modalities have been used to evaluate the morphology 
and morphometry of mental foramen and anterior loop 
of mental nerve. Cone beam computed tomography 
(CBCT) has brought about paradigm shift in diagnostic 
imaging and has helped overcome the limitations of 
two-dimensional imaging. CBCT is a volumetric 
imaging modality which is ideal for capturing anatomic 
structures with less radiation exposure (0.04 – 0.17
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 mSv), is cost effective and has short acquisition time. 
All these considerations make CBCT a very promising 

[4]imaging modality in maxillofacial diagnosis.  This 
research was designed to determine the morphology 
and morphometry of mental foramen using CBCT scan.

MATERIALS &METHODS:

 This prospective, cross- sectional in vivo 

observational study after approval from the 
Institutional Ethical Committee recruited 200 patients 
from the outpatient Department of Oral Medicine and 
Radiology of People's Dental Academy, Bhopal (M.P.)

The inclusion criteria were as follows:
1.  Age group of patients between 20 and 60 years
2.  Patients with edentulous areas in the posterior 

region of the mandible.
The exclusion criteria were as follows:

1.  Patients with systemic disease (rheumatoid 
arthritis, osteomalacia, osteogenesis imperfecta, 
osteoporosis)which can affect bone integrity

2.  Patients suffering from bleeding disorders 

(hemorrhagicdia thesis, drug- induced)

3.  Anticoagulation
4.  Patients with pathologies in the upper and lower 

jaws and oral mucous membrane
5. Immunocompromised patients (HIV, immune 

suppressive medications)
6. Drug abusers, alcohol consumers, and heavy 

smokers
7.  Psychological and mental disorders
8.  Noncompliant patients
9.  Patients who underwent radiotherapy
10. Patients with habit of bruxism
11. Patients on I.V. bisphosphonates.

METHODOLOGY:
 This study initiated with clinical history, 
general and oral examination after attaining a written 
informed consent from the patients. Further, 
provisional diagnosis, CBCT indication and treatment 
advised were noted. The CBCT imaging was done for 
the mandible bilaterally using CBCT machine CS-9600 
with exposure parameter 90kV, 10mA and voxel size 
300µm scan was taken with exposure time 20 seconds. 
The acquired image was captured by Dimax3 Ceph 
digital sensor and CS 3D imaging software was used 
(Image1,2,3). These digital images were then carefully 
evaluated on CS 3D imaging software by two 
experienced Oral Radiologist for radiographic 
evaluation of mental foramen in the jaw. The location of 
the mental foramen were analyzed and classified under 
the following position.

Image1: Height and length of mental foramen.

Image 2: Position of mental foramen.

Image3: Anterior loop of inferior alveolar nerve canal.

 I- between canine and first premolar;

 II- below the first premolar; 

 III- between first and second premolars;

 IV- below the second premolar; 

 V- between second premolar and first molar; 

[3]
 VI- below the first molar.

 The data was tabulated and analyzed using 
SPSS software Version 25.0 (SPSS Inc., Chicago, IL, 
USA). Descriptive statistics and chi-square test were 

used to analyse the results and p-value of ≤0.05 was 
considered significant.

 I- between canine and first premolar;
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 II- below the first premolar; 

 III- between first and second premolars;

 IV- below the second premolar; 

 V- between second premolar and first molar; 

[3]
 VI- below the first molar.

RESULTS:
 When we compare the frequency distribution 
of mental foramen size in the 200 patients in this study, 
the largest number of subjects (70.5%) exhibited large 
size mental foramens, while only 29.5% showed small 
size. Of all the males, 73% had large mental foramens 
and 27% had small ones, based on gender. The 
difference in the size of the mental foramen in 32.0% of 
females and 68.0% of females was not statistically 
significant. When the size of mental foramen was 
compared by side, 23.5% of large foramen and 9.5% of 
tiny foramen were found on the right side (Table 1, 
Figure 1). There were 20% small and 47% large 
foramens on the left side, with no discernible difference 
between the two sides (Table 2, Figure 2).

Table 1: Frequency distribution of mental foramen according to size and gender (n-200).

 The frequency distribution of mental foramens 
according to position shows that there are 44.5% 
foramens between the first and second premolars and 
55.5% below root apex of second premolar's apical 
root.The gender distribution of males and females 
indicates that more foramens were seen in the space 
between the second premolars' apical roots (57.0%, 
54.0%).The difference between the first and second 
premolar positions was seen in 43.0% of males and 
46.0% of females, although it was not statistically 
significant. Table 3, Figure 3 shows the distribution of 
foramen on the right and left sides in males between the 
first and second premolars: 44.2% are found on the right 
side and 55.8% are found on the left side, while in 
females, the distribution is 43.5% on the right side and 

nd56.5% on the left side. At apical roots of 2  premolar, in 
males 47.4% present at right and 52.6% present at left 
side. In females 48.1% present at right and 51.9% 
present at left side and the difference between the 
groups were also not statistically significant (Table 4, 
Figure 4).

Size of metal foramen
Male
n (%)

Female
n (%)

Total
n (%)

Chi- square
value

p-value

Big 73(73.0%) 68 (68.0%) 141 (70.5%)

0.601 0.535
Small 27 (27.0%) 32(32.0%) 59(29.5%)
Total 100 (100%) 100(100%) 200 (100%)

n– Number of samples

Figure 1: Frequency distribution of mental foramen according to size and gender.
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Table 2: Frequency distribution of size of mental foramen according to right and left side and gender (n-200).

Side of  
mental 

foramen
size

Male
n (%)

Female
n (%)

Total
n (%)

Chi-
square
value

p-value

Right side
Big 24 (24.0%) 23(23.0%) 47 (23.5%)

0.644
0.886

Small 9(9.0%) 10(10%) 19 (9.5%)

Left side
Big 49 (49.0%) 45(45.0%) 94(47.0%)

Small 18(18.0%) 22(22.0%) 40(20.0%_)

Total 100(100%) 100 (100%) 200 (100%)

Figure 2: Frequency distribution of size of mental foramen according to right and left side and gender.

Table 3:  Frequency distribution of mental foramen according to position in mandibular and gender (n-200).

Position of mental foramen
Male
n (%)

Female
n (%)

Total
n (%)

Chi- square
value

p-value

Between 1st and 2nd Premolar 43 (43.0%) 46 (46.0%) 89 (44.5%)

0.182 0.776Root apex of 2nd premolar 57 (57.0%) 54 (54.0%) 111(55.5%)
Total 100 (100%) 100(100%) 200(100%)

Figure 3: Frequency distribution of mental foramen according to position in mandibular and gender.
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Table 4: Frequency distribution of mental foramen according to right and left position in mandibular and gender (n-200).

Gender Side
Between 1st and 2nd

Premolar
n (%)

Root Apex of 2 nd

premolar
n (%)

Total
n (%)

Chi-
square
value

p-value

Male
Right 19 (44.2%) 27(47.4%) 46(46.0%)

0.100 0.341

Left 24(55.8%) 30(52.6%) 54(54.0%)
Total 43 (43.0%) 57 (57.0%) 100 (100%)

Female
Right 20 (43.5%) 26(48.1%) 46 (46.0%)
Left 26 (56.5%) 28(51.9%) 54(54.0%)

Total 46 (46.0%) 54 (54.0%) 100 (100%)
Total 89 (44.5%) 111(55.5%) 200(100%)

Figure 4: Frequency distribution of mental foramen according to right and left position in mandibular and gender.

Only 19% of round foramen was found, however the 
majority (81.0%) of oval foramen were detected based 
on the shape of the mental foramen at the right side. 
Gender-wise, 75% of men and 87% of women had 
oval-shaped foramens, whereas 25% of men and 13% 
of women had round foramens. This difference was 
statistically significant (p-0.031). Likewise, on the left 
side, there was 74% oval and just 26% round foramen. 
The foramen shapes of 62% of males and 86% of  
females were oval, whereas 38% of males and 26.9% 
had round shapes, and the difference was statistically 
significant (p-0.000) (Table 5; Figure 5).

DISCUSSION:
 The mental foramen is a strategically 
important landmark during surgical procedures. Its 
location, number of foramina, and possibility of 
anterior loop of the mental nerve or AMF (accessory 
mental foramen) being present need to be considered 
before surgery to avoid mental nerve injury. The 
damage to mental foramen or inferior alveolar nerve 
during oral surgery or implant placement is a serious 

[5]complication.

 Procedures such as placement of dental 
implants, osteotomy, bone harvesting, although 
considered to be safe elective procedures, sensory 
disturbances have been reported as a complication in 
upto 31% of patients in the first two weeks following 
surgery, with 10-15% of patients continuing to 
complain of sensory disturbances even up to 15 months 

[6]after procedure. This radiographic study was aimed to 
evaluate the morphology and dimensions of mental 
foramen and the anterior loop with an objective to 
assess their variations among Indian population. This 
study also assessed the dimorphic variations of mental 
foramen and its anterior loop with respect to gender and 
laterality using CBCT.
 In the present study the largest number of 
subjects (70.5%) exhibited large size mental foramens, 
while only 29.5% showed small size. Of all the males, 
73% had large mental foramens and 27% had small 
ones. Whereas of all 68% female has larger mental 
foramen and 32% mental foramen are smaller in size. 
R. Dos Santos Oliveira, has found similar differences in 
the size of mental foramen in male and female where 
male exhibit large size of mental formen then 
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Table 5: Frequency distribution of shape of mental foramen according to right and left position in mandibular and gender (n-
200).

Side Shape Male Female Total Chi- square
value

p-value

Right side
Round 25 (25.0%) 13 (13.0%) 38 (19.0%)

4.678 0.031*Oval 75(75.0%) 87 (87.0%) 162 (81.0%)
Total 100 (100% 100(100%) 200(100%)

Left side
Round 38 (38.0%) 14(14.0%) 52(26.0%)

14.969 0.000*Oval 62(62.0%) 86(86.0%) 148(74.0%)

Total 100 (100%) 100 (100%) 200(100%)

*Statistically Significant

Figure 5: Frequency distribution of shape of mental foramen according to right and left position in mandibular and gender.

[7]female. The results were consistent with those found 
by Gungor et al. , Zhang et al., and Kalender et al. , in 
which the horizontal and vertical diameters evaluated 
also in CBCT study were higher in men in comparison 

[8],[9],[10]
to women.  In the present study when the size of 
mental foramen was compared by side, 23.5% of large 
foramen and 9.5% of tiny foramen were found on the 
right side. There were 20% small and 47% large 
foramens on the left side, with no discernible 
difference between the two sides. 
 In the present study 44.5% mental foramen 
were located in between the first and second premolars 
and 55.5% at the apex of second premolar's root. 
Similarly, P. Carruth et al. reported the gender 
distribution of male and female which indicates that 
more foramens were shown in the space between the 

[11]second premolars' apical roots (57.0%, 54.0%).  
Whereas in Antoinette Pele et al.  study, gender and 
side did not seem to have influence on the mental 

[12] foramen location in relation to the teeth. According 
to Chen et al., the presence of an anterior loop of the 
inferior alveolar nerve (AL) could have an influence on 
the position of MF to the teeth. Indeed, at the majority 

position, without AL, the MF was found at 51.7% 
between PM1 and PM2, whereas when there was an 

[13]AL, it was found at 73.3% apically to the PM2.  On the 
contrary, in Krishnan et al.'s study, no significant 

[14]difference was noticed.  The results of the present 
study corroborated the data from Indian populations 

[15] [16] [17] reported by Bhagat et al. Alok et al., Swamy et al.,
[18]

and Srivastava et al.  which conclusively stated that 
the most common position of MF in the Indian 
population was below the mandibular second premolar, 
followed by the position between the 2 premolars.
 In present study the distribution of foramen on 
the right and left sides in males between the first and 
second premolars: 44.2% are found on the right side 
and 55.8% are found on the left side, while in females, 
the distribution is 43.5% on the right side and 56.5% on 

nd
the left side. At the apex of roots of 2  premolar, in 
males 47.4% present at right and 52.6% present at left 
side. In females 48.1% present at right and 51.9% 
present at left side and the difference between the 
groups were also not statistically significant. Similarly 
Komal Sheth et al. found mental foramens were most 
often located at the apex of the mandibular second 
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[19]premolar. On both the left and right sides, both males 
and females predominantly showed the mental 
foramen in the second premolar region, followed by 
distal to the first premolar and medial to the second 
premolar. The root apex of the second premolar on both 
sides of the mandibular arch was closest to the mental 
foramen in the sagittal plane, which is in agreement 

[20]with study performed by Phillips JL et al.  and Ngeow 
[21]

WC
 In the present study majority of the foramen 
was oval shaped on and only 19% were of round shape 
at the right side. Gender-wise, 75% of men and 87% of 
women had oval-shaped foramens, whereas 25% of 

[19][20]
men and 13% of women had round foramen.  The 
results coincided with the left side as well as maximum 
number of foramen were oval shaped which was 74% 
oval and just 26% round foramen (Table5; Figure 5) 
Komal Sheth et al in her study showed that on the left 
side, 71% (337/475) of cases had the root apex of the 
second premolar closest to the mental foramen, 
whereas on the right side, 62% (295/475) of cases had 
the root apex of the second premolar closest to the 
mental foramen, which is similar to the pattern found 

[19][20]on the contra lateral side.  The next most frequent 
location of the mental foramen was between First 
Premolar and Second Premolar position, which was 
found in 14% (67/475) of cases on the left side and in 
26% (124/475) of cases on the right side.
 The inconsistent position of the mental 
foramen should always be considered while 
investigating radiographic periapical areas and while 
performing periodontal or endodontic surgery in the 
area between the canine and the mesial root of the first 
molar. Furthermore, the position of the mental foramen 

[21] varies across ethnic groups, which should alert the 
clinician to consider variability in their patient 
populations. 
 The data was subjected to intra and inter 
examiner variability. Statistical analysis showed there 
was no significant difference in the intra as well as 
inters examiner observations. Ludlow JB et al. Found 
CBCT scans to have an error of less than 0.6% while 

[22]
measuring mandibular anatomy.  This suggest that 
measurements made on CBCT images are accurate and 
reproducible. Thus, high resolution CBCT images are 
considered one of the most promising and precise 
techniques that accurately determine the mental 
foramenfor varied applications in dentistry.

CONCLUSION:
 The morphology of the mental foramen 
showed variations among the gender and age in Bhopal 
population. Hence, treatment planning that involves 

the interforaminal region of the mandible should be 
carried out on a case-by-case basis to determine 
appropriate location and dimension of mental foramen. 
A good intra and inter examiner reliability was 
observed in our study, suggesting that measurements 
made on CBCT images are accurate and reproducible.
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