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ABSTRACT
Objectives: Morphometric and morphological study of the bones play an important role in determination of sex, age and identifi-
cation of an individual and skull is the second important tool to pelvis in this regard. Mastoid process is a dimorphic bone situated 
at the basolateral region of the skull and remains least damaged due to its position. This study was an attempt to evaluate the 
use of mastoid process in the determination of sex.
Methodology: This cross sectional study was carried out in the settings of Department of Anatomy and Forensic Medicine at 
North Karnataka for the period of one year from July 2014 to June 2015. A total of 100 complete undamaged dried skulls of 
known sex were used for the study, (50 male and 50 female skulls). Length of the mastoid process on both sides was recorded 
using the Frankfurt’s plane. Measurements were taken by using Vernier caliper. 
Results: The mean mastoid process length among males at right was 30.20 ± 2.64 mm and at left it was 30.70 ± 3.09 mm com-
pared to 26.20 ± 2.57 mm in females at right and 26.20 ± 3.49 mm at left respectively. The difference observed was statistically 
significant (p<0.001).
Conclusion: The mastoid length in females is significantly less compared to males at right as well as left.
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INTRODUCTION

Identification of an individual and sex is one of the impor-
tant factors in many circumstances like, mutilated bodies, 
skeletal remains, wars, and suicide and homicide cases. In 
the living identification is easy as many characters, particu-
lar physique and traits are unique to the individuals. But in 
cases of fragmented and mutilated bodies it is very difficult 
to identify the individual. Study of skeleton using individ-
ual bones exhibiting sexual dimorphism has been reported 
among different populations.1

Determination of the sex of human or human skeletal remains 
is an important initial     step in its identification. This skillful 
process is carried out by forensic and anatomy experts.

Anthropological knowledge of human skeleton is one of the 
important parameters in identification of this biological pro-
file.2 The first indicator for the sex determination is the pel-
vic bones and pelvis which is more accurate than the skull 

bones.3 The above study also confirmed by Saini et al,4 in 
2012. Several studies have shown that cranium is also an 
excellent indicator for sexual dimorphism by morphometric 
and morphological analysis. It is probably the second best 
region of the skeleton next to the pelvis for this purpose.5 

Krogman states that skull is the most dimorphic and easily 
sexed portion of skeleton after pelvis, providing up to 92% 
reliability6 Bayers2 and Pickering and Bachman7 also present-
ed that skull plays the second best role to estimate the sex of 
the dead body.

The skull measurements vary significantly in different popu-
lations of the world. The mastoid process of the skull plays 
a vital role in determination of the sex as it is the most di-
morphic bone present at the baso-lateral region of the skull. 
It is least vulnerable in this position. The mastoid region is 
favorable for sex determination for two reasons, the com-
pact nature of the petrous bone and its protected position in 
the skull. Even in old age it remains intact. Usually skull is 
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heavier in males as compared to females. Same thing holds 
good to mastoid process also, i.e. larger in males than in fe-
males. But it is subjective and it cannot be relied. A number 
of research studies have done in western countries on these 
aspects. Nagaoka T method was employed by some experts 
using two parameters on both sides of skull i.e. height and 
width of the mastoid.8 Some researchers used the triangu-
lar area between the points porion, mastoidale and asterion, 
measured from xerographic copy of skulls.9 Very few works 
have been done on this in India especially in Northern Karna-
taka population. Considering this entire scenario an attempt 
is made to determine the sex by using the mastoid length in 
this area.  In present study 100 adult human dried skulls (50 
male and 50 female skulls) of North Karnataka population 
were studied to determine the sexual dimorphism of mastoid 
process. A quantitative blind study of the mastoid length was 
studied by using the Frankfurt’s plane. 

MATERIALS AND METHODS

This cross sectional study included 100 dried skulls of known 
sex, (50 male and 50 female skulls) taken from KLE Univer-
sity’s department of Anatomy and Forensic Medicine. Writ-
ten permission was taken from the respective departments. 
Adult normal skulls without any damage were taken for the 
study. Deformed skulls were excluded from the study. All 
were native of North Karnataka Region.

Frankfurt’s plane was chosen and marked on the skull. This 
line starts from the infraorbital margin, and upper border of 
the external acoustic meatus. (Figure 1). From this line on 
the mastoid process a vertical length was measured up to the 
tip of the mastoid process.10 With the help of digital verneir 
caliper length of the mastoid process was taken from the up-
per border of the external auditory canal at the level of the 
Frankfurt’s plane to the tip of the mastoid process on both 
sides. Figure 2 shows the measurement of the length of the 
mastoid process. 

Statistical methods
The mastoid process length of skulls was expressed as mean 
± standard deviation (SD0 and median with range. The com-
parison of mean length was done using independent sample 
‘t’ test. Probability value (p) of <0.050 was considered as 
statistically significant.  

RESULTS AND DISCUSSION

The results obtained from the observation showed that, the 
mean mastoid length in male was 30.2mm (Range- 25.2 to 
36.65) with the standard deviation of 2.64 on right side. In 
female skulls the mean mastoid length was 26.2mm on the 

right side. (Range- 21.04 to 33.3).The standard deviation 
obtained was 3.57. (Table.No.1). Mastoid mean length is 
greater in males than in females which was significant (p 
value <.001).

The male left side mastoid mean length showed 30.7mm 
(Range 24.02 to 36.7) with the standard deviation of 3.09. 
Whereas left side female mastoid mean length was 26.2 mm 
with the range of 21.03 to 33.30. The standard deviation ob-
tained was 3.49. (Table No. 1.).In left side also the sexual 
dimorphism was significant as the p value is <0.001. 

In males mean difference between Right and Left side is 0.49 
with the standard deviation of 1.77. (Paired t=1.179). No 
significant mean difference found in both right and left side 
(p=0.053). In females mean difference between Right and 
Left side is0 .01with the standard deviation of 1.63 (Paired 
t=0.055). There was no significant mean difference found in 
Right and Left side (p=0.956).

From the above study it showed that in male skulls the 
mastoid length was more as compared to females, p<0.001 
which was significant. Applying Gausian distribution rule 
there was no significant mean length difference on right and 
left side mastoid length measurements.

Hoshi H11. Studied the mastoid process length and divided 
the mastoid process into three categories viz, M, N and F 
types. Male, neutral and female categories. As the mastoid 
length is more in males as compared to females, skull lies 
on mastoid process in males and lies on occipital condyles in 
females when skulls are kept on flat surface.

Many studies have been conducted on mastoid length in 
western countries. In Caucasian population,12 the mean mas-
toid length was 28.06 mm in males and in females it was 
25.10 mm. As compared to Negroes, mean length was less in 
Caucasians. In Nigroes male mastoid length was 30.32 mm 
whereas female mastoid length was 26.34mm.  Our study 
is comparable to Negro population. Mastoid length meas-
ured by the use of points porion, mastoidale and asterion is 
the best method for the sexual dimorphism.13.  Still mastoid 
length was used as the better predictor for the sexual dimor-
phism.14 Sumati and Puranik also computed that the sex de-
termination by measuring the mastoid length in North Indian 
population.15 Same study also done in China by Song et al.16 

and in India by Patil and Mody.17

In our study, it showed clearly that there was variation be-
tween male and female mastoid length. Statistically also it 
was proved that t-test and p values showed significant dif-
ference between male and female mastoid length i.e. p<.001. 
The present study supports the mastoid length as the tool for 
sex determination.
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CONCLUSION

Present study showed that mastoid length is less in females as 
compared to males which is also proved statically (p<.001).
This shows that mastoid length is the reliable parameter for 
sexual dimorphism as our study supports  other studies con-
ducted  worldwide and also in Indian population.
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Table 1: Measurement of mastoid length in males 
and females at right and left side

Side

Mastoid length (mm)

p valueMale (n=50) Female (n=50)

Mean SD Mean SD

Right 30.20 2.64 26.20 3.57 <0.001*

Left 30.70 3.09 26.20 3.49 <0.001*

*Statistically significant 

Figure 1: Showing the Frankfurt’s plane.

Figure 2: Showing the measurement of the length of mastoid 
process using the Frankfurt’s plane.


