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Sexual dimorphism and anthropometric
measurements of foot in adult
Oyemekun ethnic group population in
Akure, South-West Nigeria

Abstract

Background: Dismembered human remains are frequently found in cases of mass disasters and
criminal mutilation. Therefore, it is of great importance to use foot dimensions for the determination of
sex (gender) of an individual in order to assist in establishing personal identity. This study focused on
sexual dimorphism using the anthropometric measurements of foot in adult Oyemekun ethnic population
in Akure, Southwest Nigeria.

Materials and Methods: The study population consists of randomly selected 500 adult subjects (250
males, 250 females) aged 18-50 years without any foot disability within Akure North and South Local
Government, Ondo State, Southwest Nigeria. After explaining the purpose and procedure of the survey
and obtaining an informed consent from each participant, the foot length and foot breadth of both foot
were measured using an osteometric board, recorded and subjected to statistical analysis.

Results: The male participant had an average foot length about 1cm greater than female participant
and foot breadth in male was about 1cm greater as compared to female. Differences in foot length and
foot breadth in male and female subject of the population were statistically significant (p<0.05) compared
to the foot in which the length is lesser than 26cm and breadth lesser than 11cm can be suggested to
be that of a female while the foot with length greater than 26cm and breadth greater than 11cm can be
suggested to be that of a male.

Conclusion: Foot length, Foot breadth and foot index are higher in male compared to female. This
proves sexual dimorphism of foot dimensions. Therefore, 26cm can be taken as the cut-off point for foot
length and 11cm as the cut-off point for foot breadth in this locality.

sciences and it is findings is use in medical sciences especially
in the discipline of forensic medicine [3]. Anthropometry is the

RFL: Right Foot Length; RFB: Right Foot Breadth; RFI: Right
Foot Index; LFL: Left Foot Length; LFBL Left Foot Breadth; Left
foot index; M: Male; F: Female; CM: Centimetre; SD: Standard
Deviation of Mean; FREQ: Frequency

Introduction

Measurement of human size and shape for the purpose
of understanding physical variation has been a long time
practice [1]. Today this practice is called anthropometry.
Anthropometry is a series of systematized measuring
techniques that expresses quantitatively, the dimensions of
the human body and skeleton [2]. Anthropometry is often
viewed as a traditional and perhaps the basic tool of biological
anthropology, but it has a long tradition of use in forensic

measurement of the body dimensions such as the length, the
width, and the height for the purpose of understanding human
physical variations and plays an important role in ergonomics,
clothing designing, prosthetics, plastic surgery, and industrial
designs, where statistical data about the distribution of
the body dimensions in the population are used to optimize
product(s) [4]. Appropriate use of anthropometry in design
may improve well-being, health, comfort, and safety [5]. In
ancient times, anthropometry was used in criminology where
criminals were identified by measuring parts of their body [6].
Anthropometry stems from the measurement of the whole
human body to individual body parts e.g. face, nose, limb and
orbit. It is highly objective and reliable in the hands of trained
anthropometrists [7]. The significance of somatometry,
cephalometry, craniometry and osteometry in the identification
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of human remains has been described by a new term, ‘forensic
anthropometry’. Forensic podiatry deals with the study of foot
dimensions for human identification [8]. The human foot, the
foundation of bipedal locomotion, is a highly complex multi
bone structure with 26 bones and numerous articulation [9].
Identification is often required in medico-legal practice. The
problem mainly arises when the body is recovered in advanced
stage of decomposition, mutilated state and skeletonized state.
Sometimes, fragments of soft tissues are found disposed-off
in the open, in ditches, or rubbish dumps and this material is
brought to forensic pathologist for examination. Over the last
few decades, studies have been largely conducted on human
foot for both ergonomic shoe design and forensic purposes [10].
Anthropologists continue to use anthropometric data to study
the differences between various groups of people, though they
no longer do so with the goal of promoting racial superiority.
Measuring people can also provide information about how
humans are changing, with such measurements being used by
people who develop prosthesis, clothing, furniture, and other
consumer goods which are dependent on average user size.
Measurements can include length and breadth measurements
of various aspects of the body, ranging from overall height to
individual fingers as well as body weight. Measurements are
also taken to learn more about the internal structure of the
body, such as density measurements [11]. Sex determination
is a very vital part of the analysis of human remains. Lots of
researches are on-going for assessing stature, sex, race, etc.
from anthropometric measurements of different parts of the
body for identification purpose [12]. This study focused on
sexual dimorphism from the anthropometric measurements
of the foot in adult Oyemekun ethnic population in Akure
southwest Nigeria.

Materials and Methods

The study was conducted among the people of Akure North
and South local government. 500 healthy subjects (250 males
and 250 female) age bracket of 18-50 years were surveyed. This
is because most people attain their maximum growth within
this age bracket. The study was conducted between October
and December 2018 among randomly selected volunteers at the
Basic Health Centre, Itaogbolu, Akure North Local Government
and the Basic Health Centre, Orita-obele, Akure South Local
Government within Oyemekun ethnic group in Akure. The
purpose and procedure of the survey was properly explained
to the participants in English and Vernacular and an informed
consent was obtained from each participant. None of the
participants in this study was coerced in any way or provided
with an inducement for their involvement. All the subjects
were barefooted at the time of recording the measurements. All
the measurements for the study were taken with the subjects
standing erect in an anatomical position. Subjects less than
18 and above 50 years of age as well as those with apparent
foot anomalies, inflammation, trauma, deformities, etc. were
excluded because of their possible influence on the precision
and accuracy of the result.

The following measurements were taken;

Foot Length: - The foot length was measured as a straight

distance between the most posteriorly projecting point of the
heel (pternion) and the most anteriorly projecting point on
the head of the first or second toe (akropodion), whichever
is longer, when the subject stood erect on flat surface. This
measurement excluded any nail extending over the end of the
toe.

Foot Breadth: - The foot breadth was measured as a straight
distance from the medial border of the head of first metatarsal
to the lateral border of the head of the fifth metatarsal.

Foot Index: - The foot index was calculated using equation 1.

FootIndex =
Footlength

x100 (1)

Measurements were taken twice and the average of
both measurements was recorded in centimetres (cm). All
measurements were according to the protocols recommended
by the International Society for the Advancement of
Kinanthropometry.

Data presentation and statistical analysis

The numerical data was collated and analyzedusing
Microsoft Excel (version 2010) and IBM Statistical Packages for
Social Sciences (SPSS), version 21.

Results

In this study, anthropometric measurements were carried
out on 250 males and 250 females from Oyemekun ethnic
group population and the result of the data analysis is required
to measure changes in foot morphology in relation to sex is
presented in [Table 1]. The overall mean of the right foot length
was 26.96cm in male and 25.03cm in female, the overall mean
of the right foot breadth was 11.32cm in male and 10.33cm in
female. The overall mean of the left foot length was 26.99cm
in male and 25.01cm in female, the overall mean of the left
foot breadthwasi1.27c¢cm in male and 10.32cm in female. The
results obtained indicate a sexual dimorphism with statistical
significant difference between male and female which was
significantly higher values of all the parameters in males
compared to the females as shown in [Table 1].

Furthermore, the average right foot length across all age
groups in the female ranges between 24.77cm to 25.29 cm while
in the male the figures range between 26.62 cm to 27.21cm.
Those of right foot breadth ranges between 10.20cm to 10.53cm
in female and 11.07cm to 11.61cm in male. The left foot length
in female ranges between 24.81cm to 25.24cm while in male
it ranges from 26.58cm to 27.29cm, while those of left foot
breadth in female ranges between 10.16cm to 10.55cm and
from 11.04cm to 11.57cm in male. For analysis of age-related
and sex-related variations in the foot morphology, the effect
of age and sex were observed on all the variables which were
measured. Sex had statistical significant effect on all the
variables measured while age had no significant effect on the
variables (Figure 1).

Discussion

The human foot is a complex adaptation that moves
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Table 1: Descriptive statistics (MeanSD) for Foot length, Foot breadth, and Foot index in both sexes and for right and left side.

“-______

M 26.62+1.38 11.3041.14 42.45+0.83 26.58+1.41 11.1541.01 41.9510.72
1821 31 F 25.0141.09 10.39+0.77 41.5440.71 24.89+1.08 10.34+0.73 41.5410.68
31 M 27.0341.35 11.31+0.86 41.84+0.64 27.06+1.45 11.21£0.80 41.4310.55
2225 31 F 24.82+1.31 10.53+0.75 42.43+0.57 24.9041.31 10.55+0.80 42.37+0.61
31 M 27.2141.52 11.31+1.01 41.57+0.66 27.29+1.44 11.3141.03 41.4410.72
2629 31 F 25.13+1.04 10.35+0.61 41.1840.59 25.05+1.03 10.35+0.64 41.3210.62
31 M 26.9441.07 11.07+0.67 41.0940.63 26.94+1.06 11.04+0.61 40.9810.58
3033 31 F 25.00+1.20 10.21+0.84 40.8410.70 25.0311.20 10.2740.85 41.0310.71
31 M 27.14+1.35 11.2940.59 42.70+0.44 27.1241.36 11.27+0.56 41.56+0.41
and 31 F 25.29+1.24 10.39+0.57 41.08+0.46 25.2441.25 10.39+0.57 41.1620.46
31 M 26.98+1.55 11.61+0.84 43.03+0.54 27.0441.58 11.57+0.80 42.7910.51
Rl 31 F 24.77+1.06 10.24+0.67 41.3440.63 24.8141.09 10.23+0.67 41.2340.61
4945 31 M 27.07+1.50 11.53+0.92 42.5940.61 27.1141.54 11.48+0.90 42.350.58
31 F 25.2641.23 10.310.61 40.81+0.50 25.24+1.22 10.27+0.60 40.69+0.49
33 M 26.7141.33 11.17+0.58 41.8240.44 26.82+1.39 11.12+0.68 41.4610.49
4650 33 F 24.97+1.40 10.20+0.69 40.85+0.49 24.9141.43 10.16+0.66 40.77+0.46
p value b/w sides - - 0.865 0.501 - 0.669 0.622 -
p value b/w sex - - <0.001 * <0.001 * <0.001 * <0.001 * <0.001 * <0.001 *
*Student t test - p value of < 0.05 indicates significance difference between groups.
50 broader than females. Sen et al,[16] attempted to estimate
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sex from foot length, foot breadth and foot index among 350
adult Rajbangsi (175 men, 175 women) individuals, likewise
Tyagi et al., [17]. They all concluded that foot dimensions show
a significant sex difference which supports the present study.
Bob-Manuel and Didia [18], established in their study that the
mean value of right foot length in males and females were

5 26.92+1.02 and 25.00+1.33 and the mean value of right foot
0 breadth for males and females were 9.87+0.53 and 9.14+0.58.
mM| 269 1132 4199 26.99 11.27 4176 The mean values for the left foot length of males and females
mF 25.03 10.33 41.27 25.01 10.32 41.26

were 26.92+0.13 and 24.75+0.17 respectively. The mean value
for the left foot breadth of males and females were 9.75+0.07
and 8.92+0.08 respectively. Males had significantly higher
values of foot length and foot breadth than females. Singla et
al., [19], established in their study among the Haryanvijats and
North Indian mixed population that Haryanvi males had an
average foot length about 2cm greater than females and foot

Figure 1: Bar chart of over all average of measured foot parameters (Meant SD).

through extensive remodeling of the hind appendage of the
human arboreal primate forebears and the foundation for
bipedal locomotion [13]. The normal human foot shows great

individual variation in length, breadth in males and female
[14]. Sex determination from Foot dimensions has major role
in personal identification [8]. The present study was carried
out to determine the sexual dimorphism in the foot dimension
among adults of Oyemekun ethnic group in Akure, to provide
base line data for population, for design and manufacture
of shoes for correct shoe fit. In this study, the average foot
length of males was found to be significantly greater than
that of females while foot breadth in males was found to be
significantly greater as compared to females in all age groups
(p< 0.001). Thus, the study indicates a positive correlation
between an individual’s foot measurements and gender.
This is in accordance with earlier studies and proves sexual
dimorphism in foot length and foot breadth [15]. The study
conducted by Agnihotri et al,[11] on 250 students (125 males,
125 females), age group 18-30 years, concluded that the average
foot length was found to be 3cm greater in males as compared
to females and average foot breadth of males was about 1cm

breadth in males was about 1cm greater in males as compared
to females while in North Indian mixed population males had
an average foot length about 3cm greater than females and the
average foot breadth in males was about 1cm greater than in
females. Our findings in this study therefore agree with their
submissions. These variations could be due to differences in
community and environmental factors. In our study males had
higher Foot index than females. This is in agreement with the
earlier studies who observed that Foot index is higher in males
than in females [8,15]. Our study is comparable with the study
by Sen et al.,[16], on Bengali Rajbanshi population on 175 males
and 175 females who reported a foot index of 41.3 in males and
40.5 in females on both right and left side [16]. These variations
could be due to the fact that anatomic structures of foot shows
ethnic and regional variations owing to genetic background,
climatic factors, physical activities, socio-economic status,
nutritional conditions and practice of using different footwear

[20,21].
| 020 |
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Conclusion

Foot length, foot breadth and foot index are higher in males
compared to females. This proves sexual dimorphism of foot
dimensions. This study provides a useful tool for forensic
science researchers in forensic identifications in cases of mass
disasters and criminal mutilation, assisting investigators
and legal experts in sex determination of a person (victim).
Therefore, foot with length lesser than 26cm and breadth
lesser than 11cm can be suggested to be that of a female while
any foot with length greater than 26cm and breadth greater
than 11cm can be suggested to be that of a male. Thus, 26cm
can be taken as the cut-off point for foot length and 11cm as the
cut-off point for foot breadth in this locality.
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