
52 Journal of Forensic Dental Sciences / January-June 2013 / Vol 5 / Issue 1

Determination of sex by radiographic 
analysis of mental foramen in North Indian 
population

Introduction

Distinguishing males from females and the differences 
in ethnic groups by analyzing the morphological 

characteristics of bone is important in the fields of physical 
and forensic anthropology. The mandible is the strongest 
bone in the human body and persists in a well-preserved 
state longer than any other bone.[1] Therefore, the use of 
morphological features of the mandible is a common 
approach used by anthropologists and forensic dentists in 
the determination of sex.[2]

Skeletal characteristics vary by population; therefore, there 
is a need for population-specific standards.[3] Among many 
anatomical landmarks in human skull, the mental foramen 
is a stable landmark on the mandible.[4] It is a funnel-like 
opening in the lateral surface of the mandible at the terminus 
of the mental canal. It lies near the apices of premolars and 
transmits mental nerves and vessels. The opening is directed 
outward, upward and posteriorly.[5]

The radiographs are indispensable tools that can also 
be used in forensic anthropology. The accuracy of 
measurements on radiographs is based on the quality of 
the radiographs. The mental foramen is fairly well depicted 
on panoramic radiographs.[4] It provides the ability to view 
the entire body of the mandible and allow a more accurate 
location of the mental foramen in both horizontal as well 
as in vertical dimensions.[6]

The aim of the present study was to signify the average 
measurements from the superior and the inferior borders 
of the mental foramen to the lower border of the mandible 
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Abstract

Aim: Identification and determination of sex of unknown human skeletal remains has 
been one of the most challenging tasks for forensic dentistry. The purpose of this 
study was to determine the gender from the analysis of mental foramen on panoramic 
radiographs in a north Indian population. Materials and Methods: One hundred 
radiographs were selected for the analysis of mental foramen. Tangents were drawn 
to the superior and inferior borders of the foramen and perpendiculars were drawn 
from the tangents to the lower border of the mandible (S-L and I-L). The data obtained 
were tabulated and subjected to statistical analysis. Results: The average values of 
S-L and I-L were significantly higher in males than in females, while the distances for 
the right and left sides of an individual were almost similar in both the male and the 
females group, and the results were non-significant. Conclusion: The distances from 
the mental foramen to the lower border of the mandible exhibit sexual dimorphism in 
the north Indian population.
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on panoramic radiographs in determining the gender in a 
north Indian population.

Materials and Methods

A retrospective study was performed on the panoramic 
radiographs of patients aged between 18 and 62  years, 
which were obtained for orthodontic, periodontic and 
endodontic purposes.[4] The radiographs were taken 
between January 2011 and June 2011 within a duration 
of 6 months.

All the radiographs were taken using the Planmeca 
Proline 2006 EC machine with tube potential 60-80 KV, 
tube current 6-8 mA, total filtration 2.5 mm Al, focal spot 
0.3 and time 18 s.[5]

Only high-quality radiographs with correct positioning 
were included in the study. The exclusion criteria for 
the radiographs were: Distortion of images, presence of 
artefacts, surgical interventions, presence of any pathology, 
patient under 18  years and non-visualization of mental 
foramen.[5]

Of the total 220 screened radiographs, 100 radiographs 
were selected for the analysis in which the mental foramen 
was identified as a separate type. The tangents were drawn 
to the superior and inferior borders of the foramen and 
perpendiculars were drawn from tangents to the lower 
border of the mandible bilaterally. An indelible pencil was 
used for marking the tangents and perpendiculars and 
a Vernier calliper was used for the measurements.[4]

The distances were measured from the superior border of 
the mental foramen to the lower border of the mandible 
(S-L) and the inferior border of the mental foramen to the 
lower border of the mandible (I-L). Statistical analysis was 
performed that included mean values in males and females 
on both the right and the left sides, confidence interval test 
at 95% and t-test and P values.

Statistics and Results

The mean distance from the upper border of the mental 
foramen to the lower border of the mandible (S-L) on 
the right side in males was 17.650  mm, whereas it was 
16.150 mm in females. On the left side, it was 17.475 mm in 
males and 15.787 mm in females [Tables 1 and 2].

The mean distance from the lower border of the mental 
foramen to the lower border of the mandible (I-L) on 
the right side in males was 12.670  mm, whereas it was 
11.462 mm in females. On the left side, it was 12.583 mm in 
males and 11.250 mm in females [Tables 3 and 4].

The comparison of S-L between males and females showed a 

very high significant difference (P < 0.001) on both the right 
and the left sides [Table 5]. Similarly, the comparison of I-L 
between males and females suggested a highly significant 
difference (P = 0.0022) on both sides [Table 6].

The comparison of S-L and I-L between the right and the 
left sides in males described a non-significant difference 
(P = 0.67 and P = 0.84) [Table  7]. In the same way, the 
comparison of S-L and I-L between the right and left 
sides in females also showed a non-significant difference 
(P = 0.57 and P = 0.76) [Table 8].

Table 1: S‑L in males
Right Left Combined

Number 60 60 120
Mean  (mm) 17.65 17.475 17.5625
Standard deviation 2.376 2.208 1.5637
Standard error mean 0.3068 0.2851 0.2018
95% confidence interval 
range

17.036-18.264 16.9050-18.045 16.921-18.160

Table 2: S‑L in females
Right Left Combined

Number 40 40 80
Mean  (mm) 16.150 15.7875 15.9688
Standard deviation 2.790 3.013 2.1382
Standard error mean 0.4412 0.4763 0.3181
95% confidence interval 
range

15.258-17.042 14.824-16.751 15.041-17.032

Table 3: I‑L in males
Right Left Combined

Number 60 60 120
Mean  (mm) 12.670 12.583 12.6265
Standard deviation 2.615 2.499 1.7675
Standard error mean 0.3375 0.3227 0.2281
95% confidence interval 
range

11.991-13.342 11.938-13.229 11.944-13.281

Table 4: I‑L in females
Right Left Combined

Number 40 40 80
Mean  (mm) 11.4625 11.25 11.3563
Standard deviation 2.921 3.189 2.2575
Standard error mean 0.4618 0.5041 0.3569
95% confidence interval 
range

10.528-12.392 10.230-12.270 10.424-12.384

Table 5: Comparison of S‑L between males and females
t value P  value Significance

Right 2.88 0.0048 Highly significant
Left 3.23 0.0016 Highly significant
Combined 4.3 <0.001 Very highly significant
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Discussion

The mandible is the strongest bone in the human body and 
persists in a well-preserved state longer than any other bone. 
Therefore, mandibular characteristics are extremely useful 
for determining sex.[1]

In 1974, Wical and Swoope described that despite the 
alveolar bone resorption above the mental foramen, 
the distance from the foramen to the inferior border of the 
mandible remains relatively constant throughout life.[7]

Lindh et al. in 1995 and Guler et al. in 2005 also suggested 
that the stability of this region does not depend on 
resorption of alveolar process above the foramen. 
Therefore, the vertical measurements in panoramic 
radiography are clinically applicable for the quantification 
of height of alveolar bone in this region.[8,9] Because of 
the stability of the basal bone and mental foramen, these 
landmarks were selected as a point of reference for the 
present study.

Panoramic radiography is a curved plane tomographic 
radiographic technique used to depict the body of the 
mandible, maxilla and the lower one-half of the maxillary 
sinuses on a single image.[9] The ability to view the entire 
body of the mandible allows a more accurate location of 
the mental foramen in both a horizontal and a vertical 
dimension on panoramic radiographs.[6] Agthong et al. in 
2005 analyzed the position of the mental foramen in several 
populations by using panoramic radiography.[10]

Yosue and Brooks in 1989 described that the radiographic 
appearance of mental foramen can be classified into four 
types. In the continuous type, the mental canal is continuous 
with the mandibular canal. In the separate type, the 

foramen is distinctly separated from the mandibular canal 
and appears as a well-defined radiolucency with a distinct 
border of condensing bone. In the diffuse type, the foramen 
has an indistinct border while in the unidentified type, the 
foramen cannot be seen.[11,12] The separate type is easy to 
identify on panoramic radiograph and so only this type 
was selected for the present study.

It was suggested by Akgul and Toygar in 2002 that in 
comparative analyses between genders, the morphometric 
study by means of panoramic radiography reveals 
differences and inherent alterations in the evaluated 
groups.[13]

In the present study, the mean values of S-L and I-L were 
significantly high in males as compared with females, and 
the results were in accordance with those of Thomas et al., 
Mahima et al. and Catovie et al.[4,14,15]

On the contrary, Vodanovic et al. found that the mean value 
of I-L does not exhibit sexual dimorphism.[16] The difference 
may be due to racial diversity of the study population. In 
our study, this value was also significantly high in males, 
which also corresponds to the studies of Enlow et al. and 
Amorim et al.[17]

The distances (S-L and I-L) for the right and left sides of 
an individual showed that the values were almost similar, 
with a non-significant difference, and this applies for 
both the male and the female groups. This is similar to 
the study of Thomas et al.[14] Therefore, the distances from 
any of the sides can be used as a representative for gender 
discrimination.

In the present study, the 95% confidence interval range 
analysis described that the S-L in males comes within the 
range of 16.921-18.160  mm, and in females it fall within 
the range of 15.041-17.032 mm. The I-L in males ranges 
between 11.944 and 13.281 mm and in females it comes 
within the range of 10.424 and 12.384 mm.

These results suggest that if a distance above 16.921 mm 
for S-L and 11.944 mm for I-L is obtained on the panoramic 
radiograph; the gender will be male in 95% of the cases. 
Similarly, if a distance less than 17.032  mm for S-L and 
12.384 mm for I-L is obtained, the gender will be female 
in 95% of the cases. The results were similar to the study 
conducted on a south Indian population by Mahima et al. 
in 2009, who described that if a distance above 1.7 cm is 
obtained for S-L and 1.48 cm for I-L, the gender is male in 
99% of the cases. In the same way, if a distance is less than 
1.69 cm for S-L and 1.3 cm for I-L, the gender is female.[4]

Conclusion

Based on the results of this study, it is possible to conclude 

Table 6: Comparison of I‑L between males and females
t value P  value Significance

Right 2.16 0.033 Significant
Left 2.33 0.021 Significant
Combined 3.15 0.0022 Highly significant

Table 7: Comparison of S‑L and I‑L between the right and left 
sides in males

t value P  value Significance
S‑L 0.42 0.67 Not significant
I‑L 0.19 0.84 Not significant

Table 8: Comparison of S‑L and I‑L between the right and left 
sides in females

t value P  value Significance
S‑L 0.56 0.57 Not significant
I‑L 0.31 0.76 Not significant
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that the distances from the mental foramen to the lower 
border of the mandible exhibit sexual dimorphism in 
the north Indian population. Panoramic radiography is 
efficient for making the proposed measurements and can 
be considered as an additional radiographic method to 
determine gender from the skeletal remains. The technique 
is particularly important in mass disaster events, in which 
the jaws are available in fragments.

Larger study groups and comprehensive assessment of 
various other parameters related to the mental foramen are 
required to further confirm the results.

References

1.	 Hu KS, Koh KS, Han SH, Shin KJ, Kim HJ. Sex determination using 
nonmetric characteristics of the mandible in Koreans. J Forensic 
Sci 2006;51:1376-82.

2.	 Sweet D. Why a dentist for identification? Dent Clin North Am 
2001;15:237-51.

3.	 Steyn M, Iscan MY. Sexual dimorphism in the crania and mandibles 
of South African whites. Forensic Sci Int 1998;98:9-16.

4.	 Mahima VG. Mental Foramen for gender determination: 
A panoramic radiographic study. Medico-Legal Update 2009;9:33-
5.

5.	 Haghanifar S, Rokouei M. Radiographic evaluation of the mental 
foramen in a selected Iranian population. Indian J Dent Res 
2009;20:150-2.

6.	 Phillips JL, Weller RN, Kulild JC. The mental foramen: Part 3, Size 
and position on panoramic radiographs. J Endod 1992;18:383-6.

7.	 Wical KE, Swoope CC. Studies of residual ridge resorption. Part 1. 
Use of panoramic radiographs for evaluation and classification of 
mandibular resorption. J Prosthet Dent 1974;32:7-12.

8.	 Lindh C, Peterson A, Klinge B. Measurements of distance related 
to the mandibular canal in radiographs. Clin Oral Implant Res 

1995;6:96-103.
9.	 Guler AU, Sumer M, Sumer P, Bicer I. The evaluation of vertical 

heights of maxillary and mandibular bones and the location of 
anatomic landmarks in panoramic radiographs of edentulous 
patients for implant dentistry. J Oral Rehabil 2005;32:741-6.

10.	 Agthong S, Huanmanop T, Chentanez V. Anatomical variations 
of the supraorbital, infraorbital and mental foramina related to 
gender and size. J Oral Maxillofac Surg 2005;63:800-4.

11.	 Yosue T, Brooks SL. The appearance of mental foramina on 
panoramic radiographs. I. Evaluation of patients. Oral Surg Oral 
Med Oral Pathol 1989;68:360-4.

12.	 Yosue T, Brooks SL. The appearance of mental foramina on 
panoramic radiographs. II. Experimental evaluation. Oral Surg 
Oral Med Oral Pathol 1989;68:488-92.

13.	 Akgul AA, Toygar TU. Natural craniofacial changes in the third 
decade of life: A longitudinal study. Am J Orthod Dentofac Orthop 
2002;122:512-22.

14.	 Thomas CJ, Madsen D, Whittle C. A  radiologic survey of the 
edentulous mandible relevant to forensic dentistry. Leb J Dent 
Med 2004;3:15-20.

15.	 Catovie A, Bergman V, Seifert D, Poljak-Guberina R. Influence of 
sex, age and presence of functional units on optical density and 
bone height of the mandible in the elderly. Acta Stomatol Croat 
2002;36:327-8.

16.	 Vodanovic M, Dumancic J, Demo Z, Mihelic D. Determination of 
sex by discriminant functional analysis of mandibles from two 
Croatian archeological sites. Acta Stomatol Croat 2006;40:263-77.

17.	 Amorim MM, Borini CB, Haiter-Neto F, Caria PHF. Morphological 
description of mandibular canal in panoramic radiographs of 
Brazilian subjects: Association between anatomic characteristic 
and clinical procedures. Int J Morphol 2009;27:1243-8.

How to cite this article: Chandra A, Singh A, Badni M, Jaiswal 
R, Agnihotri A. Determination of sex by radiographic analysis of 
mental foramen in North Indian population. J Forensic Dent Sci 
2013;5:52-5.
Source of Support: Nil, Conflict of Interest: None declared


