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Abstract: Objective: To familiarize new criteria to access vertical position of mental foramen in panoramic radiographs.
Furthermore, to determine and compare the position and symmetry of mental foramen in horizontal as well as in vertical
plane in Indian population and to compare the results with those reported for other populations in the literature. Further
gender differences in mental foramen position were also accessed to comment on the reliability of panoramic radiographs
for sex determination. Methods and Material: Six hundred digital panoramic radiographs were selected and studied regarding the location and symmetry of mental foramen. They were also compared with the other studies in the literature.
The method employed is similar to that described by Al Jasser and Nwoku for horizontal position and Fishal et al. for vertical position of mental foramen. Certain modifications were carried out in Fishal’s criteria for vertical position assessment. Results: The commonest position of the mental foramen in horizontal plane was in line with the longitudinal axis of
the second premolar (61.0%) while in vertical plane it was found to be located inferior to the apex of second premolar
(72.2%). Conclusion: Mental foramen exists in different locations and possesses many variations. Hence, Individual, gender, age, race and assessing technique largely influence these variations. It suggests that the clinicians should carefully
identify these anatomical landmarks, by analyzing all influencing factors, prior to their diagnostic or the other dental, surgical and implant operation.
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INTRODUCTION
The mental foramen is a funnel-like opening located on
the anterolateral aspect of the mandible which marks the
termination of the mandibular canal. The mental foramina
(MF) are structures that are commonly encountered in various maxillofacial, craniofacial and facial plastic surgery procedures. The nerves and vessels that they transmit provide
sensory innervations and blood supply to important facial
structures including the soft tissues of the chin, lower lip and
gingiva on the ipsilateral side of the mandible [1]. As these
nerves are susceptible to injury during the placement of local
anaesthesia and surgery, it is important to have a method of
quickly and accurately predicting the location of the foramina they traverse.

osteotomy procedures. Its location and the possibility that an
anterior loop of the mental nerve may be present mesial to
the mental foramen needs to be considered before implant
surgery to avoid mental nerve injury [4]. The mental nerve
injury can cause transitory or permanent sensitive, thermal
and tactile changes [5]. In addition, in case of edentulous
patients, as the atrophy progresses, the mental foramen becomes situated at the top of the alveolar crest and may cause
difficulty in denture wearing [2]. A number of studies have
shown difference in the position of the mental foramen according to the ethnic group studied. The literature shows
studies conducted on Asians, Africans, and Caucasians [5].

Variation in the position and of mental foramen is common and hence can cause complications during surgical procedures [2, 3]. The knowledge of its position also aids in the
administration of local anaesthesia for surgical, endodontic
as well as diagnostic procedures [2, 3]. Furthermore, the
mental foramen is a strategically important landmark during

The development of implant techniques further increased
the interest in the mandibular anatomy, specially the mental
foramen localization. Despite this interest, a small number of
papers have been published on the position of mental foramen in both horizontal as well as in vertical position. In addition, the Indian population constitutes different ethnic subpopulations due to which they show high degree of miscegenation and the literature on the location of the mental foramen in this population is very scarce.
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The identification and moreover the actual location of the
mental foramen aid in surgical, operative, diagnostic, prosthetic as well as in endodontic procedures. The usual position of mental foramen is studied by various authors limited
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to horizontal plane. Furthermore, the position of mental foramen is never compared in both horizontal as well as vertical plane in Indian population. Henceforth, the aim of this
paper is to familiarize new criteria for vertical position of
mental foramen and to evaluate the position of the mental
foramen in horizontal as well as in vertical planes in dentate
subjects of Indian population attempting to spot a light to
surgical interventions and anaesthetic block procedures. The
gender differences were also accessed to comment on the
reliability of panoramic radiographs for sex determination in
terms of mental foramen position. Furthermore, the results
were compared with those reported for other populations in
the literature.

Parnami et al.

Radiographs were read by three observers including the
principle investigator. Both of the two observers were calibrated by the principle investigator and their readings were
repeated with a random sample of 30 radiographs which
were re-examined by the principle investigator. Differences
in the observations were resolved with forced consensus.
The Position of the Image of the Mental Foramen in
Horizontal Plane was Recorded as Follows [2] (Fig. 1):
Position 1: Situated anterior to the first premolar.
Position 2: In line with the first premolar.
Position 3: Between the first and second premolar.

MATERIAL AND METHODS

Position 4: In line with second premolar.

The method employed is similar to that described by Al
Jasser and Nwoku [2] for horizontal position and Fishal et al.
[6] for vertical position of mental foramen. Certain modifications were carried out in Fishal’s criteria for vertical position
assessment. Panoramic radiographs of Indian population
from 2010 to 2013 were obtained from Oral Medicine and
Radiology department of our college comprising of patients
of different regions of Indian population. Patients with
mixed dentition were eliminated because of the possibility
that a permanent tooth bud might obscure the mental foramen. All the panoramic radiographs were shot by digital
panoramic machine (Orthophos XG 5 DS Ceph) by Sirona.
All these radiographs were divided into two groups named as
Group A and Group B.

Position 5: Between the second premolar and first molar.
Position 6: In line with the first molar.

Selected radiographs comprised of 600 completely dentate patients within the age range of 15-59 years with equal
number of males and females. The mean age for males and
females was 28.2 years and 27.4 years, respectively.
Radiographs were chosen according to following criteria:
a) High quality with respect to angulation, contrast and least
artefacts in the mental foramen region.
b) All mandibular teeth present from left first molar to right
first molar so as to eliminate any chances of mesial shift
of the teeth.
c) The films must be free from any radiolucent or radiopaque lesions in the lower arch and showed no exposure or processing artefacts.
d) Radiographs in which the lower teeth (between canine to
first molars) had deep caries, root canal treatment or
various restorations were eliminated because of possible
associated periapical radiolucency.
e) No history of previous orthodontic treatment done.
f) Radiographs in which upper premolars were missing
were eliminated because of the possibility of over eruption of lower premolars which can hinder the position of
mental foramen in vertical plane.
g) All panoramic radiographs where mental foramen could
not be identified were excluded from the study. In
agreement with Yosue and Brooks [7], these were considered to be those cases classified as ‘unidentified type’
of mental foramen [7, 8].

Fig. (1). Horizontal assessment of mental foramina

The Position of the Image of the Mental Foramen in Vertical Plane was Recorded as Follows (Fig. 2) According to
New Criteria by Deepak Gupta:
a) Superior to the apex of first premolar
b) At or in line with the apex of first premolar
c) In between the apex of first and second premolar.
d) At or in line with the apex of second premolar
e) Inferior to the apex of second premolar
The above criteria (developed by Deepak Gupta) were
considered in contrast to the criteria of Fishel et al. [6] to
access vertical position of mental foramina as these criteria
illustrate the vertical position of mental foramen more precisely and more accurately. According to Fischel criteria,
each and every radiograph was accessed separately for vertical position of mental foramen in relation to first and then
for second premolar. Hence, calculations were done twice.
Furthermore, it does not give the exact vertical position of
mental foramen. The reason being, the root of first premolar
is shorter as compared to the root of second premolar [6].
Hence in radiographs, according to Fishel, if the vertical
position of mental foramen is recorded as inferior to first
premolar, it may or may not be inferior to second premolar.

Horizontal and Vertical Position of Mental Foramen

Hence the above modified criteria were considered to access
the vertical position of mental foramen in panoramic radiographs.
According to Yosue and Brooks, when there appeared to
be multiple foramina, the true radiographic mental foramen
was considered to be the uppermost one [8].

Fig. (2). New criteria of vertical assessment of mental foramina.

RESULTS
Of the 600 panoramic radiographs analyzed, 582 showed
mental foramen on both sides. In 10 males and 8 females, the
mental foramen could not be identified on both the sides.
These were classified as “unidentified type” of mental foramen and excluded from the study. Hence a total of 582 panoramic radiographs were finally analysed. Out of these, 290
were males and 292 were females. The results are shown in
Table 1-3 for horizontal plane and Table 4-6 for vertical
plane.
In horizontal plane, in 61% of the cases, the mental foramen was in line with second premolar in both the left and
right sides while in 28.7% of the cases the mental foramen
was between the first and second premolar. It was symmetrical in 86.8% of the cases. In asymmetrical cases also, it was
more commonly found below the second premolar (45.5%)
followed by in between first and second premolars (24.7%)
(Table 1-3).
In vertical plane the highest percentage of mental foramen was found to be located inferior to the apex of second
premolar (72.2%) followed by the position at or in line with
the apex of second premolar (21.6%). It was symmetrical in
91.8% (534 out of 582) of the cases. In asymmetrical cases
also, it was more commonly found inferior to the apex of
second premolar in 45.8% of the cases followed by at or in
line with the apex of second premolar in 42.7% cases. Further, both males and females exhibit similar pattern of mental foramen distribution in horizontal as well as in vertical
planes.
DISCUSSION
The accurate identification of the mental foramen is important for both diagnostic and clinical procedures. The men-
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tal foramen has been reported to vary in position in horizontal as well as vertical planes in different ethnic groups. Repeated failures during injections and operative procedures
involving the mental foramen suggest the presence of local
differences in a given population [5].
The location of the mental foramen has been studied by
using radiographs of patients or by means of direct measurement on dry mandibles [9]. In this study, digital panoramic radiographs were used because they have certain advantages over conventional panoramic as well as intra-oral
radiographs. It offers greater clarity of the mental foramen
with less intra-observer difference in calculations. Further, it
includes a greater area of hard and soft tissues and also the
visualized area in continuity, thus allowing for a more accurate localization of the mental foramen in both the horizontal
and vertical dimensions. On the other hand, periapical radiographs may not reveal the position of the mental foramen if
it is below the edge of the film [10, 11].
Many studies have already delineated the location of
these foramina in relation to bony and soft tissue landmarks.
However, the landmarks used are often difficult to locate by
palpation, diminishing their usefulness for predicting the
locations of foramina in surgery. One of the bony landmarks
previously used to locate the MF is the lower teeth. There are
no absolute anatomical landmarks for reference and the foramen cannot be clinically visualized or palpated. As a result, the reported anatomical position of the mental foramen
has been variable [10, 12]. Most studies and textbooks however, describe the location of the mental foramen as being
below the apex of the second premolar or between the apices
of the first and second premolars [10, 12, 13].
The possibility of the mental foramen occurring as far
posterior as the apices of the first molar tooth is of clinical
importance since the foramen in this area may be incorrectly
interpreted on the radiograph as a pathosis.
In the literature mental foramen is closely associated with
the lower second premolar and the space between the first
and second premolars [9-11, 14-16] but individual variations
do occur occasionally. According to Ngeow WC in 2003, of
the current readily available books on dental analgesia, nine
indicate that the mental foramen is mostly found between the
apices of the first and second premolar. Although this is in
accord with the results of the earlier studies of some Europian populations, it ignores completely a mass of most
recent data and is therefore misleading [2, 9, 10, 12, 13, 17].
In this study, the horizontal position of mental foramen
was anywhere between anterior to the first premolar to that
of mesiobuccal root of first molar. This is in accordance with
the previous reports in the literature [2, 6, 12]. The most
common position of mental foramen was in line with second
premolar (61%) in both the left and right sides while in
28.7% of the cases the mental foramen was between the first
and second premolar. These two positions make overall
prevalence of 88.7%.
The most popular method for identification of MF was
proposed by Fishel et al. [6] and Green [17]. Fishel et al. in
1976 investigated vertical MF position and reported that in
the first premolar area of 936 patients, the MF was situated
superior to the apex in 46.0% of cases, inferior to the apex in
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Table 1.

S. No.

Parnami et al.

Frequency of location of the mental foramen in relation of the apices of teeth and interdental spaces on the panoramic
radiographs of 582 Indian patients.
Male

Female

Total

Frequency %

Frequency %

Frequency %

Location

1.

Anterior to the Ist PM

01 (0.2)

00 (00)

01 (0.09)

2.

In line with the first PM

16 (2.8)

19 (3.2)

35 (3.01)

3.

Between Ist and 2nd PM

158 (27.2)

176 (30.1)

334 (28.7)

369 (63.6)

341 (58.4)

710 (61.0)

4.

nd

In line with the 2 PM
nd

5.

Between 2 PM and Ist M

30 (5.2)

36 (6.2)

66 (5.7)

6.

In line with the Ist M

06 (1.0)

12 (2.1)

18 (1.5)

580 (100)

584 (100)

1164 (100)

Total

Table 2.

Distribution of asymmetric Mental foramen in relation to the apices of teeth and interdental spaces of 77 patients.

S. No

Location of Mental foramen

R%

L%

Total %

1.

Anterior to Ist premolar

01 (1.2)

00 (00)

01 (0.6)

2.

In line with Ist premolar

03 (3.5)

06 (8.7)

09 (5.8)

3.

Between Ist and 2nd premolar

08 (9.4)

30 (43.5)

38 (24.7)

44 (51.8)

26 (37.7)

70 (45.5)

4.

nd

In line with 2 premolar
nd

5.

Between 2 premolar and Ist molar

27 (31.8)

03 (4.3)

30 (19.5)

6.

In line with Ist molar

02 (2.3)

04 (5.8)

06 (3.9)

Total

85 (100)

69 (100)

154 (100)

Table 3.

Distribution of symmetric mental foramen in relation to apices of the teeth and interdental spaces on panoramic radiographs of 505 Indian patients.

S.No.

Location of Mental Foramen

Number

Percentage

1.

Anterior to Ist premolar

00

00

2.

In line with Ist premolar

13

2.6

nd

3.

Between Ist and 2 premolar

148

29.3

4.

In line with 2nd premolar

320

63.4

5.

Between 2nd premolar and Ist molar

18

3.6

6.

In line with Ist molar

06

1.2

Total

505

100

38.6% of cases, at the apex in 15.4% of cases. The MF location, in relation to the second premolar, was superior to the
apex in 61.6% of cases, inferior to the apex in 24.5% of
cases, at the apex in 13.9% of cases. In contrast to the findings of Fishel et al. the vertical position of the mental foramen in this study with our criteria resulted in the highest
percentage of mental foramen to be located inferior to the
apex of second premolar (72.2%) followed by the position at
or in line with the apex of second premolar (21.6%). It was
symmetrical in 91.8% (534 out of 582) of the cases.

The radiographs in this study were taken with Orthophos
XG 5 DS Ceph by Sirona. With proper patient positioning, there
will usually be limited horizontal overlap of the teeth. None the
less, errors in patient positioning, as well as variations in facial
morphology can lead to mesial and distal angulation of the Xray beam. However, comparative studies on dry skulls have
shown a close correlation with the radiographic location of the
mental foramina [8, 12, 16-20]. It is therefore probable that the
shift in the actual posteroanterior position of the mental foramen
in panoramic radiographs is insignificant [2].

Horizontal and Vertical Position of Mental Foramen

Table 4.

S. No.
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Frequency of location of the mental foramen in vertical plane in relation to the apices of teeth and interdental spaces on
the panoramic radiographs of 582 Indian patients.
Male

Female

Total

Frequency %

Frequency %

Frequency %

Location

1.

Superior to the apex of Ist premolar

02 (0.3)

10 (1.7)

12 (1.0)

2.

At or in line to the apex of first premolar

08 (1.4)

19 (3.2)

27 (2.3)

3.

In between the apex of Ist and 2nd premolar

12 (2.1)

22 (3.8)

34 (2.9)

122 (21.0)

129 (22.1)

251 (21.6)

436 (75.2)

404 (69.2)

840 (72.2)

580 (100)

584 (100)

1164 (100)

4.
5.

nd

At or in line with the apex of 2 premolar
nd

Inferior to the apex of 2 premolar

Total

Table 5.

Distribution of asymmetric Mental foramen in vertical plane in relation to the apices of teeth of 48 patients.

S. No

Location of Mental foramen

R%

L%

Total %

1.

Superior to the apex of Ist premolar

02 (4.2)

00 (00)

02 (2.1)

2.

At or in line to the apex of first premolar

02 (4.2)

01 (2.0)

03 (3.1)

3.

In between the apex of Ist and 2nd premolar

03 (6.4)

03 (6.1)

06 (6.3)

4.

At or in line with the apex of 2nd premolar

23 (48.9)

18 (36.8)

41 (42.7)

Inferior to the apex of 2 premolar

17 (36.2)

27 (55.1)

44 (45.8)

Total

47 (100)

49 (100)

96 (100)

5.

Table 6.
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Distribution of symmetric mental foramen in vertical plane in relation to apices of the teeth of 534 patients.

S.No.

Location of Mental Foramen

Number

Percentage

1.

Superior to the apex of Ist premolar

05

0.9

2.

At or in line to the apex of first premolar

12

2.2

3.

In between the apex of Ist and 2nd premolar

14

2.6

nd

4.

At or in line with the apex of 2 premolar

105

19.7

5.

Inferior to the apex of 2nd premolar

398

74.5

Total

534

100

It is evident from the studies in the literature that location
of MF is related with race. For example, the position of the
MF in the Mongoloid population was in line with the longitudinal axis of second lower premolar. Their positions in
Caucasoid samples were just mesial to those in Chinese,
Melanesian, Asian Indians, Thai, Korean, Saudi and Tanzanian samples. It is very unusual to find foramen located anteriorly by the canine or posteriorly beyond the first molar.
In jaws in which the mental foramen is not exposed on
the top of the alveolar crest, the anatomical foramen is situated higher than the radiographically detectable foramen.
This is actually an image of a part of the rising terminal part
of the mental canal. The differences in the position of the
anatomical foramina between the dentulous and the edentulous are thus in fact greater than the radiographic values re-

ported here, because the mental canal was not present in the
majority of the edentulous due to alveolar atrophy [21]. Vertical measurements can be made from panoramic radiographs
with an accuracy of 0-13-0-21 mm, and the measurement
error is smallest in the lower premolar region, where the
mental foramen is located. Small differences in the positioning of the head do not have any significant effect on the location of the radiographically detectable foramen in panoramic
radiography [7, 8].
CONCLUSION
The aim of this study was to familiarize new criteria to
access vertical position of mental foramen in panoramic radiographs. Furthermore, it was concluded that when compared to other studies in the literature, mental foramen exists
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in different locations and possesses many variations. Hence,
Individual, gender, age, race and assessing technique largely
influence these variations. It suggests that the clinicians
should carefully identify these anatomical landmarks, by
analyzing all influencing factors, prior to their diagnostic or
the other dental, surgical and implant operation.
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