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A B S T R A C T

Background: To localize the mandibular foramen in dry mandibles of adult and old age groups of South
Indian origin by estimating its average distance from different anatomical landmarks and to provide a
specific and precise site for inferior alveolar nerve block.
Materials and Methods: A total of 51 mandibles were taken for the study and the distance between the
mandibular foramen and the various anatomical landmarks were measured using a digital vernier caliper.
Presence of accessory mandibular foramen was observed and recorded. Difference between the sides and
the correlation between the gonial angle and various distances were carried out.
Results: Distance of mandibular foramen from anterior border was 16.41±2.44 mm and 16.85±2.55 mm,
from posterior border was 10.28±2.08 mm and 10.13±2.02 mm, from mandibular incisure 22.5±3.13mm
and 21.9±3.08mm, from mandibular base 23.72±3.37 mm and 24.5±3.27 mm, from third molar
15.27±11.99 mm and 16.85±11.60 mm, from apex of retro molar trigone 18.28±3.02 mm and 19.79±3.18
mm on right and left side respectively. There was no significant difference between the measurements of
right and left sides. The measurements had a negative association with gonial angle. Accessory foramina
were found to be present in 21and 23 mandibles on right and left side respectively.
Conclusion: Precise localization of mandibular foramen is clinically very important to achieve effective
inferior alveolar nerve block prior to dental surgeries in the lower jaw. The present study establishes the
presence of bilateral symmetry in the position of mandibular foramen with respect to various anatomical
landmarks and the utility of gonial angle in localizing the mandibular foramen.

This is an Open Access (OA) journal, and articles are distributed under the terms of the Creative Commons
AttribFution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon
the work non-commercially, as long as appropriate credit is given and the new creations are licensed under
the identical terms.

For reprints contact: reprint@ipinnovative.com

1. Introduction

Mandibular foramen is located on the medial surface of
the ramus of the mandible. Inferior alveolar vessels and
nerve pass through this foramen. Inferior alveolar nerve

* Corresponding author.
E-mail address: gandhiayu@hotmail.com (M. Subramanian).

is a branch from posterior division of mandibular nerve,
which gives off nerve to mylohyoid just before it enters
the mandibular canal through the mandibular foramen. It
forms a plexus called inferior alveolar plexus and supplies
to all the lower teeth and comes out as mental nerve
through mental foramen.1 For any procedure on the lower
teeth, the commonly used local anaesthetic technique is
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inferior alveolar nerve block.2 Precise localization of the
mandibular foramen is necessary for insertion of anaesthetic
needle during nerve block. Identifying the exact location
of mandibular foramen with respect to different anatomic
landmarks determines the success rate of the block.

The position of the foramen was found to be variable.
However, it is predominantly located at the midpoint
between the anterior and posterior borders of the ramus
present halfway between the mandibular notch and the
lower border of the mandible or two thirds of the line joining
the coronoid process to the angle of the mandible.3

Many techniques of inferior alveolar nerve block have
been described. Inferior alveolar nerve block failure is
common and it occurs even with experienced hands. Failure
with this procedure could be as high as 45per cent.4–6

Correct anatomical location plays an important role in
successful inferior alveolar nerve block. The mandibular
foramen is often selected as a reference point with the base
of the mandible to establish racial difference.7,8

Accessory mandibular foramen is any opening in the
mandible other than the mandibular foramen, mental
foramen, lingual foramen, and sockets of teeth.9 The
presence of accessory foramina and additional branches of
inferior alveolar nerve may lead to increased rates of failure
as all the branches may not be anaesthetized.10

The aim of the present study is to locate the mandibular
foramen with respect to different anatomic landmarks for
accurate inferior alveolar nerve block and to find the
presence of accessory foramina.

2. Materials and Methods

A total number of 51 dry adult human mandibles consisting
of 102 mandibular foramina of unknown sex and age were
studied from the collection available in the Department of
Anatomy. Abnormal and damaged mandibles were excluded
from the study. A Digital vernier calliper of 0.01mm
accuracy was used for taking the measurement. Irrespective
of shape of lingula, the centre of mandibular foramen was
taken as the reference point. The distances between various
anatomic landmarks mentioned below and the mandibular
foramen (Figure 1) were measured by two independent
observers and the mean value of those two observations
were taken up for the study.

1. Anterior border of ramus of mandible
2. Posterior border of ramus of mandible
3. Mandibular incisure
4. Mandibular base
5. Distance from middle of socket of III molar in

edentulous and middle of occlusal surface of third
molar in dentulous mandible

6. Apex of retromolar trigone

Width of the mandibular foramen was also measured.
The location of the mandibular foramen in relation

to the occlusal plane of the molar teeth was also
observed. The angle of the mandible was measured with a
goniometer. Further observation regarding the presence of
accessory mandibular foramen was done. Observations were
tabulated.

Figure 1: Diagram showing the various measurements made from
mandibular foramen 1: Mandibular foramen to anterior border
of ramus, 2: Mandibular foramen to posterior border of ramus,
3: Mandibular foramen to mandibular incisure, 4: Mandibular
foramen to base of mandible, 5: Mandibular foramen to middle
of occlusal surface of 3rd molar tooth, 6: Mandibular foramen to
Apex of retromolar trigone.

Statistical analysis: All the measurements were
expressed as mean ± standard deviation (S.D.) along
with their range. The difference between the right and left
side measurements were analysed using paired t test. The
correlation between the gonial angle and other distances
was analysed by the Pearson linear correlation test using
SPSS Version 17.0 for Windows (SPSS Inc, Chicago, IL).
The level of significance adopted was 95%, or p<0.05.

3. Results

A total of 51 mandibles were assessed of which 16 were
dentulous and 35 were edentulous.

The distance between mandibular foramen and various
landmarks and other measurements are summarized in
Table 1.

Gonial angles are almost similar on the right and left
sides respectively. Width of the mandibular foramen was
4.56 ± 0.74mm and 4.43 ± 0.93mm on right and left
side respectively. There was no significance difference in
these measurements between right and left side except
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Table 1: Distance between mandibular foramen and different anatomic landmarks and other measurements

Measurement Side Mean ± S.D.
(mm) Range (mm) 95% Confidence Interval t Significance

(2-tailed)Lower Upper

AB-MF R 16.41 ± 2.44 12.39 - 22.65 -0.99 0.12 -1.59 0.12
L 16.85 ± 2.55 12.59 - 23.58

MF-PB R 10.29 ± 2.08 7 - 17.61 -0.39 0.69 0.54 0.59
L 10.14 ± 2.02 6.22 - 14.83

MI-MF R 22.58 ± 3.14 16.25 - 30.22 -0.22 1.49 1.48 0.15
L 21.94 ± 3.09 16.08 - 31.14

MF-MB R 23.72 ± 3.38 15.93 - 30.15 -1.82 0.25 -1.53 0.13
L 24.51 ± 3.27 17.49 - 31.33

3rd Molar-MF
R 22.99 ± 3.86 14.21 - 35.92 -1.44 0.25 -1.41 0.16
L 23.59 ± 3.59 14.93 - 35.41

Apex of
RMT-MF

R 18.29 ± 3.03 11.44 - 24.94 -2.13 -0.89 -4.87 0.00∗
L 19.79 ± 3.18 13.18 - 28.82

AB-PB R 29.98 ± 3.20 23.47 - 39.46 -0.29 0.75 0.89 0.38
L 29.75 ± 3.46 22.33 - 38.41

F Width R 4.56 ± 0.74 2.57 - 6.37 -0.08 0.34 1.25 0.22
L 4.43 ± 0.93 1.31 - 6.78

Go (in degree) R 122.67 ± 5.18 114 - 132 -3.01 0.15 -1.82 0.07
L 124.10 ± 5.99 108 - 137

R: Right side; L: Left side; Ab: Anterior border of ramus; Pb: Posterior border of ramus; MI: Mandibular incisure; MB: Mandibular base; RMT: retromolar
trigone, Go: Gonial angle; MF: Mandibular foramen; F: Foramen; * Correlation is significant at the 0.05 level

Table 2: Correlation between Gonial angle and different measurements on the right and left sides

Parameters Right side Left side
Pearson Correlation Significance (2-tailed) Pearson Correlation Significance (2-tailed)

AB-MF -0.27 0.05 -0.32* 0.02
MF-PB -0.44** 0.001 -0.52** 0.001
MI-MF -0.04 0.77 -0.07 0.65
MF-MB -0.347* 0.01 -0.49 0.001
3rd Molar-MF -0.01 0.97 -0.12* 0.42
Apex of RMT-MF -0.22 0.11 -0.17** 0.24
AB-PB -0.47** 0.001 -0.63 0.001
F Width -0.08 0.58 -0.27 0.06

R: Right side; L: Left side; Ab: Anterior border of ramus; Pb: Posterior border of ramus; MI: Mandibular incisure; MB: Mandibular base; RMT: retromolar
trigone; MF: Mandibular foramen; F: Foramen; ** Correlation is significant at the 0.01 level; * Correlation is significant at the 0.05 level

the distance between mandibular foramen and apex of
retromolar trigone.

The association between gonial angle and various
measurements are tabulated in Table 2. Gonial angle
was found to have a negative correlation with all the
measurements bilaterally. Of these, the negative correlation
between gonial angle and the distance between posterior
border and mandibular foramen (both sides), distance
between apex of retromolar trigone and mandibular foramen
(left side) and antero-posterior distance of the ramus
(right side) were highly significant. Whereas, significant
negative correlation was observed between gonial angle and
distance between anterior border of ramus and mandibular
foramen, distance between mandibular base and mandibular
foramen, distance between 3rd molar and mandibular
foramen. This indicates that as the gonial angle increases,
the distance between mandibular foramen and various

anatomical landmarks decreases. and vice-versa.
Accessory foramina were found bilaterally in 14

mandibles (27.4%) and only on the right side in 7 mandibles
(13.7%) and only on left side in 9 mandibles (17.6%).

In relation to the occlusal plane of molar teeth, the
location of mandibular foramen was above in 11 mandibles,
at the same level in 17 mandibles and below in 23 mandibles
on the right side. Whereas, on the left side 13 were above,
17 were at the same level and 21 were below the level of the
occlusal plane. This indicates that in the present study, the
location of mandibular foramen was predominantly below
the level of the occlusal plane of molar teeth.

4. Discussion

Locating the mandibular foramen for inferior alveolar
nerve block is of great importance for many procedures
in dentistry. Accurate location enables a more effective
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Table 3: Comparison of distances between mandibular foramen and various landmarks with other studies

Author, year Year Side AB-MF
(mm)

MF-PB
(mm)

MI-MF
(mm)

MF-MB
(mm)

3rdMolar-
MF

(mm)

Apex of
RMT-

MF
(mm)

AB-PB
(mm)

F
Width
(mm)

Nicholson
ML3

1985 R L 16.0±2.1
16.8±2.2

14.9±2.1
14.6±1.9

23.6±3.5
23.3±3.5

23.9±3.7
23.3±3.3

19.6±3.8
19.3±3.6

- 29.8±3.2
29.8±3.0

-

Kilarkaje N et
al.11

2005 R L 18.5±1.9
18.5±2.0

- 21.6±3.1
21.6±3.4

- - - -

Ennes JP &
Medeiros
RM12

2009 R L 14.6±2.9
14.6±3.2

12.1±2.3
12.3±2.3

24.3±3.3
24.4±3.6

22.3±4.8
22.4±5.1

- - 29.2±3.9
29.4±4.0

-

Prado FB et
al.13

2010 R L 19.2±3.6
18.8±3.8

14.2±8.4
13.0±2.6

23.6±3.1
23.1±3.0

- - - -

Thangavelu K
et al.14

2012 R L 18.9±2.1
18.8±2.3

14.3±1.8
14.3±1.7

27.6±4.2
27.3±4.1

- - - -

Shenoy V et
al.15

2012 R L 16.1±2.0
16.3±1.8

11.6±2.1
11.3±1.9

23.5±3.1
23.5±3.1

23.5±2.8
22.8±2.7

- - 30.7±2.7
30.7±2.7

-

Samanta PP &
Karb P10

2013 R L 15.7±2.9
16.2±2.8

13.2±1.7
12.7±2.0

22.7±3.0
22.2±2.9

- - - - -

Padmavathi G
et al.16

2014 R L 16.8±2.8
16.9±2.5

11.7±2.0
12.1±2.4

22.0±3.0
22.3±3.4

- - - - -

Sultana Q et
al.17

2015 R L 17.6±2.7
17.9±2.7

11.3±2.0
11.4±1.9

22.9±3.5
22.3±3.1

- 17.9 17.6 - - -

Gopalakrishna
K et al.18

2016 R L 14.6±3.1
15.3±3.1

12.3±3.1
13.5±3.9

21.2±4.5
21.1±3.1

- 14.3±3.1
14.2±2.5

- - -

Shalini R et
al.19

2016 R L 17.1±2.7
17.4±3.0

10.4±2.1
9.6±2.0

21.7±2.7
21.9±3.3

22.3±3.3
25.3±4.5

22.8±3.9
23.2±4.2

12.2±2.1
12.1±2.3

31.7±3.8
31.4±3.9

4.1±1.5
4.3±1.6

Rajkumari K
et al.20

2017 R L 16.7±1.9
16.9±1.9

11.0±1.2
11.2±1.4

22.9±3.8
23.1±3.6

24.9±3.2
24.6±3.2

- - - -

Sahu R et al.21 2017 R L 17.2±1.8
17.0±2.6

16.1±1.7
16.0±2.3

20.8±3.4
21.3±3.6

- - - - -

Sandhya K et
al.22

2019 R L 16.0±3.5
16.2±3.9

10.2±2.3
10.2±5.2

20.4±3.8
20.1±3.8

24.1±4.9
24.8±4.0

- - - -

Present Study 2019 R L 16.4±2.4
16.8±2.5

10.2±2.0
10.1±2.0

22.5±3.1
21.9±3.0

23.7±3.3
24.5±3.2

22.9±3.8
23.5±3.5

18.2±3.0
19.7±3.1

29.9±3.2
29.7±3.4

4.5±0.7
4.4±0.9

R: Right side; L: Left side; Ab: Anterior border of ramus; Pb: Posterior border of ramus; MI: Mandibular incisure; MB: Mandibular base; RMT: retromolar
trigone; MF: Mandibular foramen; F: Foramen

Table 4: Comparison of the presence of accessory mandibular foramen

Author Bilateral (%) Unilateral (%) Absent (%)
Sultana Q et al.17 13 R-24 L-23 40
Gopalakrishna K et al.18 0 18 82
Shalini R et al.19 10.3 R-12.2 L-9.8 67.6
Rajkumari K et al.20 18 10 72
Present study 27.4 R-13.7 L-17.6 41.1

anaesthesia and better comfort to patient. Many studies have
been carried out to locate the mandibular foramen using
distances from different anatomical landmarks (Table 3).

The mean distance of mandibular foramen from the
anterior border of ramus of mandible was 16.4 mm on right
side and 16.8 mm on left side which was similar to the
studies done by Padmavathi G et al,16 Sandhya K et al.,22

Shenoy V et al.15 Rajkumari K et al.20 and Nicholson ML.3

The mean distance of mandibular foramen from the
posterior border of ramus of mandible was 10.2 mm on the

right side and 10.1 mm on left side which was comparable
to the studies done by Sandhya K et al.22 and Shalini R et
al.19

The mean distance of mandibular foramen from the
mandibular incisure was 22.5 mm on right side and 21.9
mm on left side which was similar to the studies done by
Sultana Q et al.,17 Padmavathi G et al.16 and Samanta PP et
al.10

The mean distance of mandibular foramen from the
Mandibular base was 23.7 mm on right side and 24.5 mm
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on left side, which was comparable to the studies done by
Shenoy V et al.,15 Shalini R et al.19 and Nicholson ML.3

The average distance of mandibular foramen from the
third molar was 22.9 mm on right side and 23.5 mm
on left side which was analogous to the study done by
Gopalakrishna K et al.18 but less when compared to the
studies done by Shalini R et al.,19 Nicholson ML3 and
Sultana Q et al.17

The mean distance of mandibular foramen from the apex
of retromolar trigone was 18.2 mm on right side and 19.7
mm on left side which was more when compared with the
study done by Shalini R et al.19

The anterior posterior distance of ramus of mandible was
found 29.9 mm on right side and 29.7 mm on left side
which was matching with the studies done by Ennes JP &
Medeiros RM12 and, Nicholson ML.3

The foramen width was observed to be 4.5 mm and
4.4 mm on right and left side respectively which was
corresponding to the study done by Shalini R et al.19

Accessory foramen are found bilaterally in 14 mandibles
(27.4%) which is more when compared to studies done by
Sultana Q et al.,17 Shalini R et al.,19 and Rajkumari K et
al..20 Unilaterally it was found in 13.7% and 17.6% on
the right and left side respectively, which was lower when
compared to study done by Sultana Q et al.17 and higher
when compared to studies done by Shalini R et al.19 and
Rajkumari K et al.20

Gonial angles were 122.6◦ and 124.1◦ on the right
and left sides respectively which corresponds to the study
done by Singh S et al.23 It was comparatively higher than
study done by NicholsonML3 and lower when compared to
studies done by Shenoy V et al.15 and Ennes JP & Medeiros
RM.12

In the present study mandibular foramen was
predominantly below the occlusal plane of molar teeth
was in accordance to the study done by Nicholson ML.3

Present study mainly concentrated on precise location
of mandibular foramen by measuring the mean distances
from various bony landmarks on the mandible. It was
found that the location was almost similar on both sides
of ramus indicating bilateral symmetry. Further, it is clear
that the there is a negative correlation between gonial angle
and distance between mandibular foramen and anatomical
landmarks. Therefore, the gonial angle can be used to infer
the distance between various landmarks and mandibular
foramen.

The dentist should be well informed about the common
occurrence of accessory mandibular foramina as it may
interfere with the inferior alveolar nerve block and prevents
complete anaesthesia in the field of interest.

Precise localization of mandibular foramen is clinically
very important to achieve effective inferior alveolar nerve
block prior to dental surgeries in the lower jaw. This is
important for planning and conducting dental procedures
such as osteotomy, orthognathic reconstruction surgeries of

mandible, and dental implant procedures. This knowledge
will be useful for effective management, better result and
prognosis of dental procedures and for avoiding injury
to neurovascular contents passing through mandibular
foramen.

5. Limitations

The small sample size and lack of details about the age and
sex of mandibles are the major limitations of the study.

6. Conclusion

The present study established the bilateral symmetry
existing in distances between mandibular foramen and
various anatomical landmarks in the mandible. It clearly
identified the negative correlation existing between gonial
angle and the distances between mandibular foramen
and various anatomical landmarks. It also documents the
common presence of accessory mandibular foramina. This
information will be of paramount importance to the dental
surgeons to understand the location of mandibular foramen
in relation to various anatomical landmarks and will enable
them to obtain better outcomes in inferior alveolar nerve
block.
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