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Abstract Original Research Article

Background: Footprint forms valuable physical evidence left unintentionally by the offenders during crime operations
as recovered at the crime scenes. Foot impressions are used to determine stature, body weight and gender during crime
scene investigation. However, there are incidences wherein partial footprints, or toe prints, are found at the crime scenes,
hence some investigators have neglected such prints. Aim: The present study aimed to examine the ridge density of toe
prints of Tagalog people living in the Philippines for gender determination. Methodology: The study recruited 242
consented Tagalogs, including 109 males and 133 females, and their toe prints were collected, following the standard
procedure. The ridge density of right and left side toe prints was calculated by "Acree's method". The data were analysed
statistically by SPSS software version 26 and performed an independent T-test. The correlation between the toe regions
was studied using the Pearson correlation coefficient (r). Result: The result demonstrated that the mean ridge density of
females is comparatively higher than the mean ridge density of males in all toes. On the right side, maximum sex
differences were reflected for the ridge density in the third toe print area, followed by the second toe, fourth toe, and
fifth toe with minimum sex differences in the great toe. The left side reflected maximum sex differences for the ridge
density in the fourth toe, followed by the great toe, second toe, and third toe with a minimum in the third toe. The results
were presented in the form of tables and figures. Conclusion: The study provided valuable information for gender
determination from toe prints for crime scene application. This finding cannot be generalized and used only for the

Tagalog population in the Philippines.
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INTRODUCTION

Identification of an individual is a mainstay in
any forensic investigation [1]. Forensic crime scene
investigators have shown that footprints are found almost
at all crime scenes, and the investigator has to locate and
identify the offenders [2-4]. Dermatoglyphics is the
study of hand and foot impressions, used by
anthropologists and forensic scientists for the inclusion
and exclusion of suspects through analysis [5]. Forensic
investigators employ fingerprints and footprints for
person identification because friction ridge patterns are
unique to an individual throughout their life [6]. The
friction ridge density refers to the number of ridges in a
defined region on a print or mark, influenced by ridge
width and ridge spacing [7]. Foot and toe prints show
individual characteristics and provide multiple pieces of

information and hence may be used to identify victims
and perpetrators regardless of complete or partial
footprint [8, 9]. Additionally, footprints are helpful to
determine stature [2], body weight [10] and gender [11]
for crime scene application. There are incidences
wherein partial footprints or toe prints are found at crime
scenes, and again the investigators have simply neglected
such prints, considered unfit for comparison [12].
However, unlike criminals who used to wear gloves to
avoid their fingerprints, it is cumbersome to avoid
leaving footprints at crime scenes when standing,
walking, or running during their crime operations [13].
Some perpetrators forego wearing footwear during
operations to reduce the noise while walking and
improve their grip while scaling walls [14]. The footprint
is tangible evidence that provides more data than a
fingerprint, such as the number of people involved in a
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crime, the perpetrator's activities, age, sex, stature, body
weight, speed, and direction of his movement [15, 16].

The corresponding author (Prof. T. Nataraja
Moorthy), formerly a Government Forensic Crime Scene
Investigator in Tamil Nadu, India solved many crime
scenes like homicide, burglary fire, bomb, suspicious
death etc. and solved the crime through footprints found
at the crime scenes [4, 17]. Hence, this study aimed to
examine the toeprint ridge density for gender
determination among the Tagalog population in the
Philippines.

MATERIALS & METHODS

The study recruited 242 consented healthy
Philippine Tagalog volunteers, 109 males and 133
females. Excluded subjects with any orthopaedic
deformity or injury from the study. Before starting the
sample collection, the subjects cleaned their feet, and toe
prints were collected on A4 size white papers using the
'inking technique,’ using footprint ink following the
standard procedure [9]. Figure 1 shows the toeprint and
the designated areas for analysis.
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Figure 1: The designated areas in toe prints for analysis

The designated areas in a right toe print are
named RT1 (great toe), RT2 (second toe), RT3 (third
toe), RT4 (fourth toe) and T5 (little toe), and the left print
as LT1, LT2, LT3, LT4 and LT5. The ridge densities
were analysed as described by "Acree" 8. A transparent
film with a 5mm x 5mm square area was drawn on a
clean film, placed on each area, counted the number of
ridges within the area, and recorded for analysis.

STATISTICAL ANALYSIS

The data were analysed statistically by SPSS
software version 29 and an independent t-test to
investigate the variations in each designated area. The

correlation between the toe regions was studied using the
Pearson correlation coefficient (r), and the findings were
presented in tables and figures.

RESULTS

Table 1 presents the ridge density of toe prints
in males and females of the study population, including
great toe (T1), second toe (T2), third toe (T3), fourth toe
(T4) and fifth or little toe (T5) on both sides. The result
demonstrated that the mean ridge density of females is
comparatively higher than the mean ridge density of
males in all toes.

Table 1: Descriptive statistic of toe print ridge density (T1 to T5) on both sides among the Tagalog population

Great toe (T1) | Second toe (T2) | Third toe (T3) | Fourth toe (T4) | Fifth toe (T5)
Male | Female | Male | Female | Male | Female | Male | Female | Male | Female
Right Side
Mean | 11.80 | 15.65 10.84 | 14.98 10.82 | 15.03 1054 | 14.74 9.88 | 13.47
S.D. 1.59 | 2.326 141 2.14 1.32 | 2.157 1.36 2.42 1.20 | 2.34
Range | 9.14 | 11.22 9-14 | 10-24 9.14 | 10-22 9.14 10.23 9.14 | 10.19
Left Side
Mean | 11.62 | 15.86 10.58 | 14.49 10.59 | 14.50 10.23 | 14.67 9.44 | 13.30
S.D. 1.37 | 2.27 1.36 2.20 1.30 | 2.36 1.15 2.15 0.75 | 2.81
Range | 9.14 | 10.22 9-14 | 10-21 9.14 | 10.22 9-14 | 10.21 9.13 | 10.20
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Table 2 shows the independent T-test used to
determine the sex difference in toe prints ridge density.
The result shows statistically significant sex differences
in all toe prints. On the right side, maximum sex
differences were reflected for the ridge density in the
third toe print area, followed by the second toe, fourth

toe, and fifth toe with minimum sex differences in the
great toe. The left side reflected maximum sex
differences for the ridge density in the fourth toe,
followed by the great toe, second toe, and third toe with
a minimum in the third toe.

Table 2: Sex differences in toe prints ridge density using independent t-test.

Right side Left side

t-value | p-value | t-value | p-value
Great toe 14.727 | 0.000 17.130 | 0.000
Second toe | 17.315 | 0.000 16.181 | 0.000
Third toe | 17.838 | 0.000 15.456 | 0.000
Fourth toe | 16.162 | 0.000 19.430 | 0.000
Fifth toe 15.045 | 0.000 13.926 | 0.000

Right side Left side

t-value | p-value | t-value | p-value
Great toe 14.727 | 0.000 17.130 | 0.000
Second toe | 17.315 | 0.000 16.181 | 0.000
Third toe | 17.838 | 0.000 15.456 | 0.000
Fourth toe | 16.162 | 0.000 19.430 | 0.000
Fifth toe 15.045 | 0.000 13.926 | 0.000

Figures 2 to 7 present the illustrative example second toe 4,14 (F14.98-M10.84), third toe 4.21

of the frequency distribution of toe print ridge densities
of great, third and fifth toes on the right and left sides.
Again, the ridge density of females is higher than that of
males in all toe prints. The mean ridge density difference
in the great toe is found to be 3.50 (F15.65-M11.80),

(F15.03-M10.82), fourth toe 4.20 (F14.74-10.54) and
little toe be 3.59 (F13.47-M9.88). Thus, in the Philippine
Tagalog population, the sexual dimorphism was
statistically significant in all toe prints.

15

10

Frequency Percent

5 m 15

Right Great Tos

Gender

M Mzl
M Femalz

Itie

WMean =118
Sxd. Dev. =1 586
N=109

Femals
Mean = 15 85
d. Dav. = 2,326
H=133

Figure 2: Frequency of ridge density percent on right great toe among males and females
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Figure 3: Frequency of ridge density percent on left great toe among males and females.
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Figure 4: Frequency of ridge density percent on right third toe among males and females
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Figure 5: Frequency of ridge density percent on left third toe among males and females
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Figure 6: Frequency of ridge density percent on right fifth toe among males and females
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Figure 7: Frequency of ridge density percent on left fifth toe among males and females

DiscussION

The Philippines country has culturally and
ethnically diverse people living happily, and Tagalog is
one of the largest ethnic groups, with 28% of the total

population. Most of them follow Christianity which is
the national religion [18]. One of the valuable physical
evidence that a suspect leaves unintentionally at a crime
scene is the footprint or sometimes, toe prints.

Table 3: Variation of mean great toe ridge density among selected populations

Ethnic groups

Right side

Left side

Male | Female | Male | Female

Tagalog 11.80 | 15.65 | 11.62 | 15.86
Indian [7] 10.40 | 11.30 | 10.20 | 11.20
Melanau [24] 12.94 | 14.28 | 12.96 | 14.35
Bidayuh [9] 12.80 | 14.33 | 12.80 | 14.33

South African [23] | 10.06 | 10

.82 10.56 | 10.94

Malays [25]

1247 | 14

.58 12.83 | 14.45

Table 3 shows great toe ridge density variation
between the present study population and other
populations living in India, Malaysia, and South Africa.
The mean ridge density of the Melanau and Bidayuh
populations is comparatively higher than the present
Tagalog population. In contrast, the mean great toe ridge
density of Indian and South African people was lower
than the Tagalog population in the Philippines.

Dermatoglyphic characteristics studies on
fingers and palms found many in the literature [19, 20].
However limited footprint ridge density studies were
conducted on the Philippines population for use in crime
scene investigation [21, 22]. Researchers have used only
the 'great toe' for gender determination, ignoring the
other four toes. As a field criminalist, the corresponding
author noticed only toe prints at crime scenes [3, 26, 27].
Sometimes, the presence of five-toe prints, four-toe
prints, three-toe prints, or even two-toe prints depends

upon the circumstances of the crime operations. Thus,
the present study used all toes for analysis and hence
even the presence of a single toeprint at the crime scene
is enough for gender determination. The toe print ridge
density of the Tagalog population is different from other
populations, reflecting ethnic variation.

CONCLUSION

The present study concluded that the ridge
density study on the Tagalog population in the
Philippines provided valuable information for gender
determination from toe prints. This finding cannot be
generalized but different from other populations. The
conclusions would give the crime scene investigators
confidence that even the presence of any one of the toes
is helpful to determine the gender for comparison with
suspects and then person identification.
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