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FOOT INDEX: IS IT A TOOL FOR GENDER DETERMINATION AMONG NEPALESE POPULATION?
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P o Background: The human foot shows variations in its dimensions and shape in different age

group of both male and female. It can be used as gender predictor of an individual in forensic
science investigations which may have a great value for identification of unknown deceased
body. This study was aimed to measure the various dimensions of foot and derive a tool to
predict gender of an individual.
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Methods: This study was the cross-sectional type which consisted of 556 individuals (268 males
and 288 females). Foot dimensions (foot length and foot breadth) were measured in centimeter

and the foot index was derived for both sexes separately. The data was analyzed using descriptive
statistics with SPSS vesion 20.0.
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Results: It was concluded that there were gender differences in foot length and breadth. The
foot length and foot breadth were found to be higher among males than females. The bilateral
differences of foot dimensions were not recorded in both male and female. There were gender

differences in foot index.
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Conclusions: The male is found having longer and broader foot than female foot. The foot index is
not used as an appropriate tool to determine gender.

INTRODUCTION

The human foot is a complex structure adapted to allow biped-
al locomotion which is the only part of the body that is in regu-
lar contact with the ground.! It plays an important role in body
weight support and shock absorption as well as providing bal-
ance and stabilization of the body during gait.? Its morphology
varies considerably due to the combined effects of heredity,
lifestyle and climatic factors.? The natural biological variances
such as age, sex and ethnicity have also significant influences
on the morphology of an individual’s foot.*

In recent years, there are increased numbers of natural disas-
ters (earthquake, flood, landslide and tsunami), road traffic ac-
cidents, air crashes and train accidents in which it is common
to pick out numerous dismembered and fragmented human
body.®* Whereas in homicide cases, fragments of body parts are
found to be disposed in less visited places.® The decomposed
condition of the bodies conceals the identity of victims. Thus,
identification may become a difficult task.>

Generally, identity of a victim is commonly determined through
unique body parts.” The issue of personal identification from
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foot is very important as foot is often recovered from the site
of mass disasters both natural as well as man made.® Male feet
are on average longer and broader than female thus the size of
foot can be used to determine sex of the individual.® Therefore,
the aim of this study was to determine whether the foot index
is an appropriate tool for gender estimation or not.

METHODS

This was the descriptive and cross-sectional study which was
conducted among the students of Kathmandu University
School of Medical Sciences, Dhulikhel, Nepal during the pe-
riod from June 2015 to May 2019. A total of 556 individuals
(268 males and 288 females) with age ranging from 18 to 25
years were recruited as subjects. The subjects with apparent
foot anomalies, trauma, deformities and surgery (if any) were
excluded from the study. Approval from Institutional Review
committee was obtained prior to the beginning of the study
(Ref. No. 51/14). Convenience sampling was done and the 556
sample size was included in the study.

All the subjects were explained how the study will be conduct-
ed. The verbal consent was obtained from each subject for this



study. All the subjects were barefooted at the time of record-
ing the measurements. All the measurements for the study
were taken with the subjects standing in the anatomical posi-
tion. Foot length was measured as the direct distance from the
most posterior point of the heel (pternion) to the most ante-
rior point of the longest toe-first or second (acropodion). Foot
breadth is defined as the distance between the surfaces of the
first and fifth metatarsal bone heads.'° Foot dimensions (length
and breadth) were measured in centimeter using osteometric
board and digital caliper (Mitutoyo 500-193 Absolute Digital
Caliper, Stainless Steel, Battery Powered, Inch/Metric, 0-12,
Japan). The foot index was derived by using a formula: foot
index=foot breadth divided by foot length and multiplied by
hundred.!

All the obtained data were entered into Excel office and statis-
tical analysis was done by using SPSS 20.0.

RESULTS

The mean value for right foot length was found to be 23.25+1.89
cm and left foot length was 23.23+1.88 cm. Similarly, the mean
value for right foot breadth was found to be 9.19+1.07 cm and
left foot breadth was 9.20£1.07 cm as shown in table 1.

The mean value for foot length was found to be 23.96+2.12
cm and 22.57+1.32 among males and females respectively.
Similarly, the mean value for foot breadth was found to be
9.40+1.02 cm and 9.00£1.08 among males and females respec-
tively as shown in table 1. Hence, it was concluded that there
were differences between males and females. It was also re-
vealed that foot length and foot breadth were higher in males
as compared to females. So, it was concluded that males had
slightly longer and wider foot than females.

Table 1: Descriptive statistical analysis of length and breadth of foot

Length (cm) Range 18.00-28.50 18.00-28.70 18.00-28.70 19.00-27.00
Mean#S.D. 23.25+1.89 23.23+1.88 23.96+2.12 22.57+1.32

Breadth (cm) Range 6.00-12.00 6.00-12.00 7.00-12.00 6.00-12.00
MeanS.D. 9.19+1.07 9.20+1.07 9.40+1.02 9.00+1.08

Table 2: Foot index for both males and females

Rioht Foot Males 39.21+3.78

g Females 39.86+4.83
Males 39.27+3.79

Left Foot

ertroo Females 39.92+4.83
Males 39.24+3.78

Combined

ombine Females 39.89+4.82

Table 3: Age wise distribution of foot index in males

18 19 23.38 9.39 40.16 23.40 9.39 40.13
19 76 23.94 9.39 39.22 23.94 9.41 39.31
20 86 23.65 9.46 40.00 23.63 9.47 40.07
21 42 24.33 9.23 37.94 24.28 9.24 38.06
22 30 24.54 9.48 38.63 24.53 9.48 38.65
23 7 24.29 9.43 38.82 24.29 9.43 38.82
24 4 25.25 9.83 38.93 25.25 9.83 38.93
25 4 24.85 8.75 35.21 24.25 8.75 36.08

Right foot index was found to be 39.21+£3.78 among males
and 39.86+4.83 among females. Similarly, left foot index
was found to be 39.27+3.79 among males and 39.92+4.83
among females. The mean value for foot index was conclud-
ed 39.24+3.78 among males and 39.89+4.82 among females
for both right and left feet. The foot index among males was
observed smaller than among females as shown in table 2.

Age wise calculation of foot index was also done. In males, the
right foot index was found the lowest (35.21) at the age of 25

years and the highest (40.16) at the age of 18 years with the
mean value of 38.61 and in females it was also noted the low-
est (37.30) at the age of 25 years and the highest (41.15) at the
age of 21 years with the mean value of 39.10. Similarly, left foot
index was found the lowest (36.08) at the age of 25 years and
the highest (40.13) at the age of 18 years with the mean value
of 38.76 among males and it was also noted the lowest (37.49)
at the age of 25 years and the highest (41.17) at the age of 21
years with the mean value of 39.17 among females as shown
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in table 3 and 4.

Though differences between male and female foot were

Table 4: Age wise distribution of foot index in females

recorded in all age groups (18-25 years), no any fixed deviation
point was recorded to determine the genders. Therefore,
foot index cannot be taken as a deviation point for gender
determination.

18 38 22.70 8.80 38.77 22.57 8.82 39.20
19 74 22.37 9.10 40.68 22.37 9.10 40.68
20 83 22.62 9.11 40.27 22.60 9.13 40.40
21 36 22.77 9.37 41.15 22.76 9.37 41.17
22 24 22.68 8.72 38.45 22.69 8.68 38.25
23 18 22.68 8.66 38.18 22.87 8.68 37.95
24 11 22.41 8.51 37.97 22.55 8.62 38.23
25 4 21.93 8.18 37.30 21.95 8.23 37.49
DISCUSSION to females thus sexual dimorphism exists on the basis of foot

The human foot is required to be stable for supporting body
weight in standing, resilient for walking and accommodating to
variations of surface on which it is placed. It shows great indi-
vidual variation in its dimensions in both males and females.*?
Sexual dimorphism represents a group of morphologic charac-
teristics that differentiate males from females which is evident
from fetal life, but emerges primarily during puberty.*®

Identification of a person plays a vital role during natural disas-
ters, terror strikes, in crime scene and also in our day to day
life.’ It is often required in medico legal practice.” Gender is
one of the important parameters used in biological profiles
as an indicator of identity.” Identity of an individual from the
foot and its parts is an important in forensic investigation when
there is a only recovery of foot (often enclosed in shoes) after
mass disasters such as earthquake, plane crashes, bomb blasts
and other accidents.’ In recent years, there is an increased
modern technology such as determination of sex with DNA
analysis which has simplified forensic investigation. However,
several times it cannot fulfils the prospect to identify demol-
ished remains and it cannot also be applied in all the cases as
well as regions due to lack of time and infrastructures.””

Bilateral symmetry of human foot was noticed among both
genders in the present study. A similar study was done in Karna-
taka, India on adult population and found that there was no bi-
lateral differences in all the foot dimensions in both genders.*®
In contrast, a study on adult Nigerian population claimed that
right sided foot was longer and broader than left foot.* In a
study on Haryanvi jat population, foot length and foot breadth
were higher on right side in males whereas these parameters
were higher on left side in females.®* This can be endorsed to
obvious difference in genetic makeup of males and females
and early maturity of females than males.

In males, it was found that foot length was larger as compared
to females thus sexual dimorphism exists on the basis of foot
length. Similarly, foot breadth was larger in males as compared
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dimensions. Earlier studies on sex determination with foot
dimension also suggested the similar results that males had
statistically larger dimension of foot than females.’*** Male-
female differences was found for both foot length and foot
breadth. Investigators also investigated in other population
groups who found similar differences and suggested this could
be because of heavier bone structure of the male skeleton
causing increased weight bearing on the males foot compared
to females.9'¢

The difference in foot dimensions between males and females
could explain as part of genetic expression that males being
larger than females, in addition differences in body dimension
among population and ethnic origins may be due to differences
in nutrition, traditional habits and degree of physical activity.?
A study also quoted that males were found to be taller than fe-
males due to the puberty period. The age of puberty in males is
two years later than females which allows them an extra time
for body growth.2 This could probably be due to earlier closure
of the epiphysis in females due to the effect of estrogen leading
to a smaller overall bone structure.’”*

The determination of sex is statistically the most important cri-
teria in identification of individual as it excludes approximately
half the population at risk.22 A study done in Mauritius, report-
ed that foot index can be used as a deviation point for the sex
determination, that is in males, foot index value is considered
to be less than 37 and in females more than 37.7In an another
study in North Indian mixed population, Singla et al also found
that foot index more than 36 was suggestive of females and
less than 36 was males.? However, the present study failed to
get any fixed deviation point from foot index for sex determina-
tion among Nepalese population which is also supported by a
recent study done in Nepal.?* Similar studies were also done in
a single community of North India?®> and in Slovak Republic;*
and revealed that foot index cannot be used to determine gen-
der which is agreement with the present study. This variation
may be due to combined effects of heredity and living style as
well as genetics and environmental factors.



In the present study, it was also obseved that the foot index
was found to be slightly higher among females as compared
to males. A similar result was also found in the studies done
in Mauritius” and North Indian? populations. However a study
conducted in Nepal and revealed that foot index was found to
be significantly higher among males than females.?* The rea-
son for this difference could be associated to the environmen-
tal, genetic and physical factors. The people of Nepal is known
to do relatively more physical activities and walking long dis-
tances with carrying goods due to geographical structures and
shortage of expensive modern transportation machinery be-
sides lack of roads. Owing to such practices and weight bear-
ing habits could be affected their shape and size of foot.?”

CONCLUSION

This study is able to establish data of the mean value for foot
length and foot breadth among males and females separately.
It is also concluded that the males have longer and broader
foot dimensions than females which may be useful for re-
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