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Ab s t r Ac t 
Introduction: Pain control is an important aspect of the behavior management of pediatric dental patients. Local anesthesia is still a widely used 
technique for pain control in pediatric dental treatment in which inferior alveolar nerve block is fundamental for achieving local anesthesia for 
mandibular restorative and surgical procedures. The assessment of the mandibular foramen (MF) and mental foramen (MeF) is of considerable 
importance for mandibular nerve anesthesia. There may be failure of mandibular nerve block due to improper assessment of the location of 
the MF and MeF resulting in painful treatment procedures especially in children. A considerable variation in the location of the MF and MeF 
was reported among different population, in different ages, and even within the same individual on two sides.
Aim and objective: To determine the location of the MF and MeF in teenagers using cone-beam computed tomography (CBCT).
Materials and methods: A total of 100 MF and MeF (right and left) were obtained from 100 CBCT images of children (13–18 years). Distance 
from MF to the anterior border (AB) of ramus (A), posterior border of ramus (P) and inferior border of the mandible (MI), most superior point of 
the curvature of mandibular notch (MN), occlusal plane of the mandibular permanent molars (O), and the distance from MeF to lower border 
of mandible (BM) and to the alveolar crest (AC) were measured.
Results: There was a significant increase in A-MF, MI-MF, MN-MF, and O-MF values with age. A-MF and MI-MF values of females were statistically 
higher than those of males and MF was located at the occlusal plane at 13 years and then moves upward. There was a significant difference in 
BM-MeF value with age (p = 0.05).
Conclusion: The location of the MF is just posterior to the middle of the ramus and MF and MeF are shifting posterosuperiorly with increasing age.
Keywords: Cone-beam computed tomography, Mandibular foramen, Mental foramen.
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In t r o d u c t I o n 
The assessment of the mandibular foramen (MF) and mental 
foramen (MeF) is of considerable importance for mandibular 
nerve anesthesia. The improper evaluation of the location of the 
MF and MeF may result in the failure of mandibular nerve block 
leading to painful treatment procedures especially in children. The 
location of the MF and MeF shows considerable variation among 
different population, in different age, sex, and even within the same 
individual on two sides.

The comfort of many dental treatments in children especially 
depends on achieving excellent local anesthesia.1 Anesthesia in the 
mandible may be associated with some difficulty and success of 
this technique depends on the proximity between the anesthetic 
needle and the mandibular anatomical landmarks.2 The failure in 
anesthesia of inferior alveolar nerve block lies in the inappropriate 
setting of the needle, due to the inaccurate location of the anatomic 
structures like MF and MeF. Similarly, the accurate identification of 
MeF is important for all the clinical procedure in the anterior region 
of the mandible.2

There are no anatomical landmarks for locating the MeF and 
the foramen cannot be clinically visualized or palpated, as a result 
MeF is difficult to locate and the reported anatomical position of 
the MeF has been variable.3,4 Clinically, the mental bundle could 
be injured during surgical procedures, resulting in paresthesia or 
anesthesia.3 Most studies and textbook, however, describe the 
location of the MeF as being below the apex of the second premolar 
or between the apices of the first and second premolars.3,5 The 

radiographic location of the MF and MeF may not be the exact since 
radiographs give a two-dimensional (2D) view of three-dimensional 
(3D) objects.4

Using conventional radiographic techniques, the appearance 
of the MeF may result in a misdiagnosis of a radiolucent lesion 
in the apical area of mandibular premolar teeth. Cone-beam 
computed tomography (CBCT) has probably been one of the 
most revolutionary innovations in the field of pediatric dentistry, 
and it provides a novel platform for imaging of maxillofacial 
area. It provided an imaging solution that has none of the 
projection errors associated with magnification and none of the 
superimposition problems associated with traditional panoramic 
imaging. It is particularly suitable in the evaluation of jaws, as 3D 
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visualization and high-resolution analysis of the entire mandible 
provide adequate information to localize anatomic structures 
like MF and MeF.6 The relative position of the inferior alveolar 
canal and its mental and mandibular foramina varied with age 
and show sexual dimorphism, which were indicated in previous 
studies. Studies undertaken on the morphological location of 
the MF and MeF using CBCT in Indian pediatric population are 
very few or scarce.1

Hence, the aim of this study was to evaluate the morphological 
location of the MF and MeF in mixed dentition period using CBCT.

MAt e r I A l s A n d Me t h o d s 
This retrospective study was performed using 50 CBCT images 
of children in the age group of 6–14 years, obtained from the 
institutional database of Rajarajeswari Dental College and Hospital, 
Bengaluru. A total of 100 MF and MeF, both right and left side, were 
analyzed on various parameters. The subject was divided into two 
groups—Group I: Age 13–15 years and group II: 16–18 years. The 
CBCT images were reconstructed with the help of ONDEMAND 3D 
and Scanora software (CBCT MACHINE: SCANORA 3D, SOREDEX, 
Finland) at 90 kVp with an exposure time of 8 seconds. The images 
were then evaluated to determine the location of the MF and MeF. 
Fifty CBCT images of mandible that was taken for valid diagnostic 
reasons or treatment were collected and analyzed. In order to 
ensure the integrity, a good quality of the CBCT mandibular images 
with the following criteria was selected. Cone-beam computed 
tomography images of age group 13–18 years, premolar and molar 
regions of both side of the mandible, no periapical pathology of 
teeth, developmental or congenital anomalies in soft or hard tissues 
in the mandible, and presence of all mandibular teeth.

Cone-beam computed tomography images with pathologies, 
such as, cyst, tumors, bone loss in the mandibular premolar and 
molar regions. Evidence of fracture or history of trauma to the 
mandibular premolar and molar regions. Showing errors and 
artifacts obscuring visibility of structures in the mandible were 
excluded from the study.

In t e r p r e tAt I o n o f IM Ag e s 
All the images were assessed and measured using ONDEMAN 3D 
and SCANORA SOFTWARE of the CBCT machine. The panoramic 
and coronal images were used for locating the MF and MeF, 
respectively. The following measurements were made using the 
measuring tool on ONDEMAND 3D software. A panoramic view 
was reconstructed along the inferior alveolar canal. The location 
of the MF was investigated and the following measurements were 
recorded (Fig. 1).

• The shortest distance between the anterior border (A) and MF.
• The shortest distance between the posterior border (P) and MF.
• The shortest distance between the inferior border of mandible 

(MI) to MF.
• The shortest distance between the most superior point of the 

curvature of the mandibular notch (MN) and MF.
• The distance between the straight line of the cusps of the 

mandibular permanent molars and MF (O).

A coronal view was reconstructed. The location of the MeF 
was investigated and the following measurements were recorded 
(Fig. 2).

Three tangents were drawn, one at the superior margin of the 
MeF other at the crest of the alveolar bone and one at the base of 
the mandible. The distance between these three lines was recorded, 
which indicates the distance of the foramen from the crestal bone 
and the base of the mandible.

The differences, if any in morphometry of these structures with 
regard to age and sex were noted. All measurements were recorded 
in millimeters. Student paired t test was used to compare the right- 
and left-sided linear distances related to MF in different age groups.

One-way analysis of variance (ANOVA) test was used to compare 
the various linear distances related to MF based on different age 
groups and Mann–Whitney U test was used. The level of significance 
was set at p < 0.05. The study data were analyzed using SPSS 
(Statistical Package for Social Sciences) v.22 (IBM, Corp.,) for Windows.

re s u lts 
There was a significant increase in A-MF, MI-MF, MN-MF, and O-MF 
values with age. A-MF and MI-MF values of females were statistically 
higher than those of males and MF was located at the occlusal 
plane at 13 years and then moves upward. There was a significant 
difference in BM-MeF value with age (p = 0.05) and there is no 
significant difference based on gender and side (Fig. 3).

dI s c u s s I o n 
The determination of the accurate anatomic location of the MF 
and MeF is essential to avoid any untoward outcomes, such as, 
hemorrhage and permanent neurological damage caused by the 
transection of the neurovascular bundle during the administration 
of local anesthesia or surgical procedures in the mandible.7 Its 
accurate position enables more effective local anesthesia and 
improved child cooperation.

The location of the MF and MeF could change during the 
growth and development of the jaw especially during mixed 
dentition period.1,8 The importance of the MF and MeF in the success 
of mandibular nerve block was revealed in previous studies, but 

Fig. 1: Location of the mandibular foramen. Landmarks used in the 
present study. Anterior border of the ramus (A), posterior border of the 
ramus (P), inferior border of mandible (MI), the most superior point of 
the curvature of the mandibular notch (MN), straight line of the cusps 
of the mandibular permanent molars, and mandibular foramen (O)
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studies undertaken on the morphological location of the MF and 
MeF in Indian pediatric population are very few or scarce.1,2

Studies for determining the localization of the MF and MeF 
have commonly been carried out using conventional radiographic 
technique like panoramic radiographs; however, they have some 
disadvantages, such as, loss of definition, image magnification, and 
less accurate diagnostic value.9

Cone-beam computed tomography has been considered 
a “Gold Standard” as it provides clear and accurate images of 
structures, and therefore is extremely useful for assessing the 
bone component.6,10 Thus, the aim of the present study was to 
determine the location of the MF and MeF in mixed dentition 
period using CBCT.

The knowledge about the location of the MF from the anterior 
border (AB) and from occlusal plane helps the dentist to locate 
the position of inferior alveolar nerve entry into the foramen 
accurately. Similarly, the knowledge of localization of the MF from 
the posterior border of the ramus and the inferior border of the 
mandible and condyle would be helpful in the advanced extraoral 

inferior alveolar nerve block technique.2 Lindh et al. measured the 
distances between the superior border of the canal and the alveolar 
crest and between the mandibular base and the inferior border 
of the canal, and in addition the height of the canal in his study 
and concluded that tomography gave more accurate values than 
panoramic techniques.7 Study conducted by Thangavelu et al.2 
reported that the MF is at a distance of 19 mm (SD 2.34 mm) from 
AB. In our study, the MF was found to be at a mean distance of 13.02 
mm (SD 1.62 mm) at the age of 13–15 years and 13.91 mm (SD 2.21 
mm) from AB of ramus at the age of 15–18 years; with significant 
difference between male and female and without significant 
difference between the right and left side (Fig. 4).

In the present study, the MF was located posterior to the middle 
of the ramus and superiorly from the midpoint of vertical height 
(MN-MI) (Table 1). Whereas in other studies, it was found that the 
MF is located just posterior to the middle of the ramus.1,11 Hayward 
et al. reported that the MF was located in the third quadrant of the 
ramus.12 Thangavelu et al. reported that the MF is 3 mm superiorly 
from the midpoint of vertical height.2 The distance of P-MF value 
was reported to be approximately 13.18 and 12.49 mm in the age 
group of 13–15 and 16–18 years, respectively. The distance of MN-MF 
value was reported to be approximately 22.65 and 26.15 mm in 
the age group of 13–15 and 16–18 years, respectively, and there is 
a statistically difference between genders (Fig. 4 and Tables 1 and 
2). Krishnamurthy et al.13 reported that the MF is 13.0–13.9 mm from 
deepest point of coronoid notch for 13–15 years of age group, which 
supports our study. Altunsoy et al. examined children and youth 
ranging from 8 to 18 years and study reported that the P-MF and 
MN-MF values were statistically increasing with age.1 Afsar et al. 
reported that no significant difference between male and female 
values for the distance measured from the MF to the landmarks.11 
Altunsoy et al. found that there is a statistically increase in MI-MF 
value with age and significant difference between genders, but 
present study shows no significant difference in this value but 
shows sex difference.1

The occlusal plane is an important anatomical landmark for the 
identification of MF. The location of the MF is shifting superiorly from 
the occlusal plane and the O-MF value shows a statistical difference 
with age. Hwang et al. reported that the MF was located 4.12 mm 
below the occlusal plane at the age of 3 years and subsequently 

Fig. 2: Location of the mental foramen. Landmarks used in the present 
study. The superior margin of the mental foramen (MeF), the crest of 
the alveolar bone (AC), and the base of the mandible (MB)

Fig. 4: Age-wise comparison of different anatomical location of the 
mandibular foramen among study subjects

Fig. 3: Comparison of mean values of different anatomical locations 
of mental foramen between right and left sides using student paired  
t test
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moved upward with age. It had reached approximately the same 
level as the occlusal plane by 9 years and the foramen continued 
to move upward to 4.16 mm above the occlusal plane in the adult 
patients.14 According to other study, MF moves superiorly above 
the occlusal plane by 13 years of age.15 A study conducted by 
Pereira et al. by examining 4- to 12-year-old children, it was found 
that in 65% of cases MF was detected below the occlusal plane.16 
The present study showed a statistically significant difference in 
the O-MF value with age and is at the occlusal plane at 13 years of 
age. According to Altunsoy et al., it was found that the location of 
the MF is 2.5–3.6 mm above the occlusal plane of the molars and 
there were no statistically changes in the location of the MF with 
age.1 The significant difference in BM-MeF value with age was 
noted in our study. Location of the MeF was bilaterally symmetric 
(Fig. 3) and no gender difference was found. The position of the MeF 
was shifting superiorly with increasing age. There was decrease in 
AC-MeF value, from 10.60 mm at the age of 13–15 years to 10.25 
mm at 16–18 years. There is a significant increase in BM-MeF value 
from 13.58 mm in group 1 to 15.54 mm in the group II (Table 3). 

Mental foramen opens midway between upper and lower border 
at the age of 13 years because the alveolar and subalveolar parts 
are equally developed. And in most of the cases, it was located 
between the first and second primary molars. Gershenson et 
al. reported that majority of the MeF was located opposite the 
first deciduous molar root.17 From our study, we found that, with 
increasing age, the vertical measurement of the sagittal size of 
the structures of the mandible increase; therefore, the distance 
from the MF and MeF to the landmarks can vary, as shown in this 
study and previous studies. Thus, it is difficult to say that there is a 
specific value for any distance or ratio of the MF and this value can 
vary in different populations. These variances may be based on 
differences in population and/or measurement techniques. Based 
on the obtained results, the location of the MF is just posterior to 
the middle of the ramus; it reaches the occlusal plane of the molars 
at 13 years of age and it moves posterosuperior and the A-MF, P-MF, 
MN-MF, MI-MF, and O-MF values increase with age. Similarly, the 
location of the MeF moves posterosuperior with increasing age and 
MF and MeF maintain bilateral symmetry.

Table 1: Gender-wise comparison of different anatomical locations of mandibular foramen among study subjects using independent student t 
test, and genderwise comparison of mean distance of mandibular foramen (in mm) from point O using Mann–Whitney U test

Gender-wise comparison of mean distance of mandibular foramen (in mm) from different anatomical points using student paired t test

Points Gender N Mean SD Mean diff t p value
A-MF Males 26 14.83 1.64 1.09 2.308 0.03*

Females 24 13.74 1.70
P-MF Males 26 12.78 1.45 −0.27 −0.597 0.55

Females 24 13.04 1.74
MI-MF Males 26 24.72 2.63 1.40 1.953 0.04*

Females 24 23.32 2.44
MN-MF Males 26 16.52 1.15 0.26 0.669 0.51

Females 24 16.26 1.59

Gender-wise comparison of mean distance of mandibular foramen (in mm) from point O using Mann–Whitney U test

Points Gender N Mean SD Mean diff Z p value
O-MF Males 26 2.56 2.12 0.23 −0.495 0.65

Females 24 2.32 1.91
*p < 0.05  

Table 2: Comparison of mean values of different anatomical locations of mandibular foramen between right and left sides using student paired t 
test and comparison of mean distance of mandibular foramen (in mm) from point O between right and left sides using Wilcoxon signed-rank test

Comparison of mean distance of mandibular foramen (in mm) from different anatomical points between right and left sides using student paired t 
test

Regions Sides N Mean SD Mean diff t p value
A-MF Right 50 14.35 1.91 0.07 0.614 0.54

Left 50 14.27 1.66
P-MF Right 50 13.04 1.69 0.27 1.920 0.06

Left 50 12.77 1.62
MI-MF Right 50 24.08 2.67 0.06 0.688 0.50

Left 50 24.02 2.59
MN-MF Right 50 16.41 1.35 0.02 0.215 0.83

Left 50 16.38 1.47

Comparison of mean distance of mandibular foramen (in mm) from point O between right and left sides using Wilcoxon signed-rank test

Regions Sides N Mean SD Mean diff Z p value
O-MF Right 50 2.43 2.03 −0.03 −0.717 0.47

Left 50 2.46 2.00
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co n c lu s I o n 
Based on the values obtained, it can be concluded that the location 
of the MF and MeF varied according to age and gender, which was 
also determined by size, width, height, growth, and development 
of each child in various age groups. The location of the MF is just 
posterior to the middle of the ramus and MF and MeF are shifting 
superiorly with increasing age and it reaches occlusal plane by 13 
years of age. So, a thorough knowledge of the anatomical structures 
is of at most important for successful treatment and prognosis 
especially in children.

lI M I tAt I o n 
The limitation of our study would be based on the fact that 
the radiographs were obtained from the database; hence, the 
nutritional status and the general health of each subject could 
not be assessed. Nutritional status and general health of the child 
do play an influence on his or her growth and development and 
the sample size was less. This study also missed out to assess the 
location of the MF on the ethnic grounds other than the South 
Indian population.

Why I s t h I s st u dy IM p o r tA n t? 
The position of the MF and MeF is very important while performing 
local anesthesia of mandible and its position changes according to 
age especially during growth spurts. Failure to achieve proper nerve 
block leading to repeated injection of the local anesthetic solution 
will not only pose a behavior problem in children but can also lead 
to systemic toxic level of anesthetic solution being administered.

When a dentist is aware of the location of the MF and MeF 
based on age and gender of the patient may help to promote 
successful and pain-free treatment which also reduced the risk 
of complications. In the future, more research conducted on the 
localization of the MF and MeF from the different anatomical 
location using CBCT and wide patient groups is needed.
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