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Abstract

Background: The aim of any forensic investigator is to identify the individual, both dead and alive through physical
evidence found at crime scenes. Sex determination is the first step in this process that leads to identification. Foot and
toe prints form a valuable clue for person for person identification. The soles of the feet are showing characteristics
and a toe print is an impression of the friction ridges of toe. Objective: The present study was aimed to investigate the
sexual dimorphism from two-dimensional (2D) toe prints among Malaysian Malays for person identification during
crime scene investigation. Material and Methods: The study involved 200 adult Malays, a dominant ethnic group
born and living in Malaysia. Out of 200 study subjects, 100 were males and 100 were females with age ranged from
18 to 60 years. By inking technique, 2D toe prints were collected and ridge density was calculated from the
designated 5 mm % 5 mm square area of each toe print for all toes of all subjects. Ridge density refers to the number of
friction ridge in particular demarcated areas. Result: The ridge density for all toes was found to be significantly
higher in females than males in both sides except great toes. The correlation coefficient (r) values between fourth toe
and little are found to be higher on both left (0.518) and right (0.556) sides. Conclusion: Ridge density shows
forensic significance for sexual dimorphism among Malaysian Malays and ethnicity should be considered whenever
conducting anthropological study on gender determination.
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Introduction

A crime scene is a sensitive and challenging area to
the investigators but is a treasure of information
[1]. Human identification is mandatory step in any
forensic investigation for social and legal process
[2]. The crime scene may contain many physical
evidence left by the perpetrators such as
fingerprint [3], palm print [4], footprint [5], lip
print [6], hair [7], drug [8], soil [9], nerve [10], dust
[11], bloodstains [12], handwritings [13], and
many others and these physical evidences are used
for person identification. Footprint is an important
physical evidence found mostly in murder, burg-

lary and sexual assault crime scenes. Researchers
have confirmed that footprint evidence provide
more information than fingerprints to the
investigators [14]. The identical twins originating
from one fertilized egg share the same DNA, but
the footprints of twins are not sharing and
distinctive [15]. In Asian countries, people in rural
areas still have the habit of walking bare footed.
The criminals sometimes removed their shoes or
footwears to climb the walls and avoid noise
during the criminal operations [16]. Researchers
have shown that footprint can be used to estimate
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stature [17, 18], body weight [19, 20] and gender
[21]. Gender determination from footprint
becomes critical requirement during crime scene
investigation. Earlier researchers have estimated
gender based on metric analysis of footprints [22].
The metric analysis required the footprint length is
from heel end to top of all toes [23]. Based on the
crime scene experience of the author (herein as
TN) for more than two decades, he observed that
there are many instances wherein full or complete
footprints are not found in the crime scenes but
only partial foot/toe prints are left by the
perpetrators or victims [24]. In order to overcome
this problem, researchers started ridge density
study for sexual dimorphism, considering the
ethnicity [25]. No researchers have conducted toe
print study involving all ten toes of a person till
now. Hence, the present study was aimed to
investigate relating gender and two-dimensional
(2D) toe prints including all toes among Malaysian
Malays for person identification in forensic
perspective.

Material and Methods

The study involved 200 adult Malays, a dominant
ethnic group born and living in Malaysia. Out of
200 study subjects, 100 were males and 100 were
females with age ranging from 18 to 60 years.
Healthy subjects without any deformity or injuries
in their feet were included in the study. Before
sample collection, the subjects were advised to
wash their feet with soap solution and wipe the
moisture with cotton cloth. Following the
standard procedure, the toe prints were collected
by inking technique from all subjects and
recorded [5-6]. The centre point in all toe prints
(T1-T5) were fixed and a transparent square film
with 5 mm x 5 mm square was placed on the centre
point and the number of ridges (ridge density)

were counted diagonally within the square, as
described by Acree [26]. Figure 1 shows the
defined areas in toe prints in a Malaysian Malay
subject. The number of ridges within 25mm
square reflected the ridge density. The ridge
density was calculated for all ten toes in both feet
of a subject and recorded. The procedure was
continued for all subjects and recorded the data.
The data was analyzed by using Statistical
Package for Social Sciences 25 and toe ridge
densities were analyzed with independent t-test.
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Figure 1: Illustrative example showing the
defined areas in toe prints of a
Malaysian Malay
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Results
Table 1 presents the descriptive statistics of Ridge
Density (RD) among Malaysian Malays in both
sexes. The abbreviation and expansions are shown
as, GT: Great Toe; ST: Second Toe; TT: Third Toe;
FT: Fourth Toe; LT: Little Toe; M: Male; F:
Female; RD: Ridge Density; SD: Standard
Deviation. The mean RDs in the designated areas
in male and female toeprints on both sides are
shown in this table. The RD for all toes is found to
be significantly higher in females than males on
both right and left toe prints except GTs. The RD
of left side toes and right-side toes are not similar
and thus the RD shows bilateral asymmetry in the
Malay population. In female toe prints, the mean
RD on left side is comparatively higher than right
side in all toes except GT.
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Table 2 shows the gender difference in various toe
print RDs and is found to be statistically
significant in all toes. The result shows that the
maximum gender difference was observed in GT,
followed by FT, LT, STand leastin TT.

Table 3 presents the Pearson correlation coefficient
(r) of toe print RD between the five toe prints on
both sides. It is evident that RD designated areas in

the five-toe prints were significantly correlated
with each other. Statistically significant
differences were observed in toe print RD between
various toe areas in right and left sides. The
correlation coefficient (r) values between FT and
LT is found to be higher on both left (0.518) and
right (0.556) sides.

Table 1: Ridge density statistics among gender in the Malaysian Malays

GT ST TT FT LT

Sample size | I00M | 100F | 100M | 100F | 100M | 100F | 100M | 100F | 100 M | 100 F
Right side

Mean RD |12.47 |14.58 |12.73 |14.18 |[13.75 ([15.02 |13.53 |15.27 |13.15 |14.88

SD 1.672 [1.825 [1.982 |1.771 |1.819 |2.04 1.770 [1.821 |1.635 |1.552
Left side

Mean RD |12.83 |14.45 [12.74 |14.58 |[13.58 |15.80 |13.57 [16.06 |13.30 |15.53

SD 1.729 12.103 |1.856 |2.276 |[1.64 |2.12 1.68 1.69 1.72 1.73

M: Male, F: Female, GT: Great toe, ST: Second toe, TT: Third toe, FT: Fourth toe, LT: Little toe, RD: Ridge density, SD:
Standard deviation

Table 2: Sex differences in toe ridge densities of study population

Right toe prints Left toe prints
t value p value t value p value
Great toe (GT) 6.624 p<0.001 8.066 p<0.001
Second toe (ST) 4.226 p<0.001 5.539 p<0.001
Third toe (TT) 3.592 p<0.001 4.600 p<0.001
Fourth toe (FT) 5.286 p<0.001 7.087 p<0.001
Little toe (LT) 4.600 p<0.001 6.404 p<0.001
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Table 3: Pearson correlation coefficient (r) among toe print ridge densities

of study population

Corrleation among toes Right side Left side

r p value r p value
Great Toe — Second Toe 0.277 p=0.002 0.470 p<0.001
Great Toe — Third Toe 0.140 p=0.128 0.333 p<0.001
Great Toe — Fourth Toe 0.343 p<0.001 0.426 p<0.001
Great Toe — Little Toe 0.371 p<0.001 0.490 p<0.001
Second Toe — Little Toe 0.312 p<0.001 0.446 p<0.001
Third Toe — Little Toe 0.418 p<0.001 0.416 p<0.001
Fourth Toe — Little Toe 0.556 p<0.001 0.518 p<0.001
Second Toe — Third Toe 0.483 p<0.001 0.521 p<0.001
Second Toe — Fourth Toe 0.330 p<0.001 0.478 p<0.001
Third Toe — Fourth Toe 0.443 p<0.001 0.524 p<0.001

Discussion

Dermatoglyphic is the study of ridge pattern of the
skin of fingers, palms, toes and soles. Dermal ridge
differentiation takes place early in the fetal
development [27]. The anatomist Bidloo provided
the description of ridge details in 17" century.
Researchers have conducted RD study mostly on
fingerprints [28-31]. Limited studies were
conducted on foot/toe print RD [21, 32-33]. But the
footprint RD study was conducted mostly on sole
regions with only one toe. As an experienced
forensic crime scene investigator and declared
footprint expert in India, the author (TN) has
noticed that partial footprints / toe prints are found
at many crime scenes, rather than complete
footprints. The lack of footprint database and

knowledge, partial footprints left by the offenders
were simply neglected by the investigators in the
initial stage of investigation [34]. In light of such
constraints, the toe print RD can aid in narrowing
down the suspects in the initial process of
investigation.

Importantly, the present study analyzed all ten toe
prints, unlike using only the big toe by the earlier
researchers, since the presence of even a single toe
print in a crime scene, would be enough to the
investigators. The mean GT RD in this study
shows that females have higher density value
(right: 14.58, left: 14.45) than males (right: 12.47,
left: 12.83). The findings in Iban population in
Malaysia showed that the RD for males (right:
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12.6, left: 12.9) and females (right: 13.45, left:
13.4) [14], vary from Malay population. Thus,
Malay females have higher RD value than Iban
females, whereas Iban males have higher RD than
Malay males, reflecting the ethnic variation.
Again, Indian population study in Karnataka state,
India showed that the mean RD of GT for male
(right: 10.40, left: 10.20) and female (right: 11.30,
left: 11.20) is different from the present
investigation [25]. The mean RD in GT of Iban
population is higher than Indian population in
both genders. Similar footprint RD study was
conducted on South African population and the
author had reported that the mean RD of GT was
10.6 for left side while 10.1 for right GT which are
found to be smaller than Indian population [35].
Foot/Toe impressions can be in two-dimensional
(2D) and three-dimensional (3D) in form,
depending on the type of surfaces viz. hard or soft
surfaces but RD study can be conducted on 2D
impressions only [36-37]. Thus, the RD of the

present population is different from Iban, Indian
and South African populations. Hence the RD
shows ethnic variation, the anthropological
researchers are cautioned to conduct population-
based study rather than mixed populations so that
the findings may be explained in forensic term.

Conclusion

It is concluded that the present study provides
valuable information for sexual dimorphism from
toe prints among Malaysian Malay population for
use in crime scene investigation. Also, the toe
prints found at various crime scenes were located
by the author, then CSI in India and identified the
cause of death in suspicious death cases and fixed
the culprits in burglary cases.
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