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Abstract ol

Determination of sex and ethnicity is one of the main
tasks in building the biological profile of individuals.
Keen examination of footprints that may be found at the
crime scene can give valuable clues in forensic identifica-
tion. The current work aimed to study the footprint mor-
phological features and their relation to sex and popula-
tion difference.

The study was conducted on 200 adult volunteers.
They were divided into two equal racial groups: Malay-
sians and Egyptians. The collected footprints were classi-
fied into four types based on relative morphological toes
lengths. Toes inter-distance, phalangeal marks position
and number, humps count and Chippaux-Smirak index
(CSI) were examined. The frequency of these character-
istics was analyzed statistically using regression analysis.

Among the studied morphological features, it was
found that t3-t4 inter-distance, phalangeal marks num-
ber, humps count and CSI differed significantly between
males and females.

As regards ethnicity, all footprints characteristics dif-
fered significantly between Egyptians and Malaysians
except CSI.
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The study showed that foot has unique morphological
characteristics that differ by sex and population differ-
ence and would help in establishing the personal identity.
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1. Introduction

Determination of sex and ethnicity is one of the cru-
cial tasks of forensic investigations. Fingerprints and
DNA are probably the most common techniques used to
establish the biological profile of individuals. However,
since they cannot always be used, it is necessary some-
times to apply different techniques such as footprints
[1,2].

It is not possible to find a crime scene without a foot-
print or shoeprint, but meticulous observation is required
to trace these prints. The frequency of finding footprints
and shoeprints is more or less the same as that of finding
fingerprints at a crime scene [3].

Shoe prints are found in many crime scenes; however,
a bare footprint still can be founded in sexual assaults,
homicides and scuffle cases. Moreover, the shoes may be
left at the crime scene; and they may contain the impres-
sion of the plantar surface of foot. [3].

So, footprint forms valuable evidence that can be
found and collected from almost all crime scenes. More-
over, in mass disasters, the forensic expert may some-
times be confronted with only a foot to build the biologi-
cal profile of a victim [4,5].

The foot morphology shows variations due to the ef-
fects of heredity and environmental factors, so footprints
are unique and have individual characteristics that are
capable of providing positive identification. Footprints
differ not only between individuals but also between the
right and left foot of the same individual; even in identi-
cal twins [6-8].

In identification from footprints, podiatrists firstly de-
scribe the footprints under consideration and then com-
pare suspects and crime scene footprints together [9-11].

Recently, the human foot has gained popularity in the
field of identification and despite its medico-legal role; it
is still underestimated as a probable tool for identifica-
tion. Few researches have been conducted to assess the
importance of barefoot morphology and individual char-
acteristics for establishing the biological profile [7,9,12].
Hence the present research was designed to study the
morphological features of footprint in Egyptian and Ma-
laysian sample and its relation to sex and population dif-
ferences.
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2. Materials and Methods
2.1 Subjects

The present cross-sectional study was conducted
in the Department of Forensic Medicine and Clinical
Toxicology, Faculty of Medicine, Alexandria University,
Egypt. The study was conducted on two hundred adult
volunteers. They were divided into two racial groups; one
hundred adult Egyptians (50 males and 50 females) and
one hundred adult Malaysians (50 males and 50 females).
After approval of the Ethics Committee of Alexandria,
Faculty of Medicine (IRB number: 00012098, approval
serial number: 0201044, dated 27/12/2017), informed
consent was obtained from all participants.

All subjects with apparent symptomatic deformity of
the feet and spine, history of lower extremity injuries,
foot or ankle surgery, lower limb edema, and also preg-
nant females were excluded from the present research.

2.2 Materials

The materials used in this research included: Inkless
shoe print kit (Carolina. USA), pencil and ruler.

2.3 Methods

For each research subject, the following was fulfilled:

1) Demographic data: age, sex, and nationality.

2) Static barefoot prints collection: After cleaning
soles, the footprints were obtained from each research
subject using an inkless shoe print kit. Each subject was
requested to place one foot on an inkless shoe print pad
with a little pressure and then to step on shoe print white
paper (included in the kit) on a flat surface, bearing equal
weight on both feet while standing. Left and right foot-
prints were recorded one by one. A serial number was
given to each print.

2.4 Analysis of footprints:

The obtained footprints were classified into four
types depending on the relative morphological lengths of
the first, second and third toes (Figure-1) [13].

These types are described in the current study (Fig-
ure-2) as follows:

a. Tibularis type (T-type) when the T1 > T2.
b. Fibularis type (F-type) when the T2 > T1.
c. Intermediate type (O-type) when the T1 =T2.
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d. Medularis type (M-type) when the T3 >T1 and T2.

On the other hand, after marking the outlines of toes
on prints, the toes inter-distance was measured as the
least distance between two adjacent toes, and then was
classified into three types (Figure-3) [12] :

a. Narrow: when the toes inter-distance is equal or
less than 0.50 cm.

b. Medium: when the toes inter-distance is between
0.51 and 1.50 cm

c. Wide: when the toes inter-distance is more than 1.5
cm.

In the present study, during the development process
of footprints, some toes inter-distance could not be mea-
sured. This is because some toes inter-distance couldnt be
measured in these cases due to missing impression which
is clarified in Table-2. So toes impressions were missed
in these cases.

Number and position of phalangeal marks, which are
the marks created by the phalanges of toes and imprinted
in a form of toe stem, were examined carefully as shown
in Figure-4.

At the same time, humps which are defined as pro-
truding curvatures in the ball line [12] were examined
and counted carefully as shown in Figure-5.

The Chippaux-Smirak index (CSI) was calculated in
each footprint. The CSI is the ratio of the narrowest dis-
tance of mid-foot (line A) to the widest distance of fore-
foot (line B) multiplied by 100 [14]. Forefoot breadth was
measured at right angle of footprint length as the straight
distance between two tangents drawn on both sides of the
forefoot outline [15]. For this index, the reference values
were: high (0%), normal (0.1-29.9%), intermediary (30—
39.9%), low (40—44.9%) and flat (>45%) [14] (Figure-6).

2.5 Statistical analysis

Data were collected, tabulated and analyzed using
SPSS software (IBM SPSS Statistics for Windows; Ver-
sion 26.0. Armonk, NY: IBM Corp).

Qualitative data were summarized using the number
and percentages. In the present study, the effects of pre-
dictors such as sex, race, and side was tested using dif-
ferent models for different outcomes, ordinal regression
model with ordinal outcomes (CSI and toes inter-dis-
tances), Poisson regression model with count outcomes
(counts of humps and number of phalangeal marks), and
nominal logistic regression model was used with nominal
outcome (foot type).

Interaction terms were used to test whether the effect
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of one predictor depends on another. The effects of dif-
ferent predictors were expressed using Exp(B), which
represents the odds ratio from logistic regression, pro-
portional odds ratio from ordinal regression, and incident
rate ratio from Poisson regression. In all the models, gen-
eralized estimating equations were used to adjust for the
correlations among observations from both feet of same
person.

Significance test results were quoted as two-tailed
probabilities and judged at the 5% level.

3. Results
3.1 Demographic Data

The present study included two hundred adult volun-
teers in the age of 18-30 years. The participants were di-
vided into two racial groups: one hundred adult Egyptians
(50 males with mean age of 22.28 + 3.95 and 50 females
with mean age of 22.14+ 4.11) and one hundred adult
Malaysians (50 males with mean age of 21.76 +2.05 and
50 females with mean age of 21.98 + 1.48). There were
no significant differences as regards age between males
and females in the same population or between the two
populations.

3.2. Foot Type

Table-1 shows that among Egyptian population, the
most frequent type in males was F-type (right 52%, left
50%) followed by T-type (right 34%, left 36%), while in
females the most frequent type in right foot was T-type
(48%) followed by F-type (34%), and in the left foot,
F-type was the most frequent (46%) followed by T-type
(30%).

In Malaysian population, the frequency of F-type was
the highest in males (right 64%, left 68%) followed by
O-type in right foot (22%) and F-type in left foot (20%),
while in females, F-type was the most frequent (right
64%, left 72%) followed by O-type in right foot (20%)
and followed by O-type and T-type in left foot with the
same frequency (14%).

3.3. Toes Inter-Distance:

Table-2 shows that the distance between toe 1 and toe
2, the percentage of medium inter-distance was found to
be comparatively higher in both sexes of the two popula-
tions in both left and right feet.

The distance between toe-2 and toe-3 showed that
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Footprint length

<«—» Toesinter-distance
A/B x100=CSI
B Forefoot breadth

Figure 1- lllustrative figure showing the studied morphological features of footprint.

narrow inter-distance was the most prevalent one, fol-
lowed by medium inter-distance in Egyptian and Malay-
sian populations in both sexes in both feet.

The distance between toe-3 and toe-4 was narrow and
occured most frequent followed by medium Inter-dis-
tance in Egyptian population. While in Malaysian popu-
lation, the medium inter-distance was the most frequent.

On the other hand, medium inter-distance between
toe-4 and toe-5 predominates in all groups.

ASFSFM 2020; Volume 2 Issue (1)

3.4. Phalangeal Marks

As shown in Table-3, the phalangeal marks which are
created only by one toe was the most frequent finding in
Egyptian males (right 68%, left 72%) and females (right
66%, left 68%), and also in Malaysian males (right-70%
left 60%) and females (right 50% left 48%).

According to phalangeal marks created by different
toes, as shown in Table-4, in most of the footprints, the
phalangeal marks are created by toe 1, (right 90% left
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“Tibularis type (1-type)
T1>T2

Fibularis type (F-type)
T2>T1

Figure 2- lllustrative figure showing types of footprint according to the relative toe lengths of the first, second and third toes.

Narrow toe 1 toe 2 inter-distance

Medium toe 1 toe 2 inter-distance

Wide toe 1 toe 2 inter-distance

Figure 3- [llustrative figure showing toes inter-distance measured in the footprints.

88%) in Egyptian males, (right 82%, left 84%) in Egyp-
tian females, (right 88% left 84%) in Malaysian males,
(right 84%, left 88%) in Malaysian females, and phalan-
geal marks by toe-5 was the second most frequent finding
found in both sexes of the two studied populations.

3.5. Number of Humps

Table-5 shows that in Egyptian population, feet of
males with three humps were found more often (right
52 %, left 62%), followed by feet with two humps (right
42%, left 30%), while in females, two humps were most
frequent finding (right 60%, left 56%) followed by three
humps (right 34%, left 40%). On the other hand, in the
Malaysian sample, the results of males showed that feet
with two humps were found more often (right 54%, left
56%), followed by three humps (right 44%, left 44%).

R\ Waff2rab Unoersty for Securfty Scfences

But in female footprints, the sequence differed, three
humps finding was found more often (right 56%, left
58%), followed by two humps.

3.6. CSI

In Egyptian males, the most frequent variant was in-
termediary (right 36%, left 50%) followed by low (right
30%, left 22%). In females, intermediary variant was also
the predominant one (right 54%, left 34%) followed by
normal (right 26%, left 38%). As regards flatfoot, its fre-
quency was higher in males (right 14%, left 18%) than in
females (right 12%, left 14%).

In Malaysian population, intermediary variant was
the most frequent one in males (right 42%, left 42%)
and in females (right 42%, left 50%) followed by normal
variant in males (right 22%, left 28%) and females (right

ASFSFM 2020; Volume 2 Issue (1)




A Study of Morphological Features of Footprints in an and Malaysian Population

'F(&'

Two al marks in toe 1 & 4

S
. FRE

-~ i - gt
Four phalangeal marksintoe 1,34 & 5

Figure 4- lllustrative figure showing different numbers and position of phalangeal marks.

Two humps Three humps

Figure 5- Illustrative figure showing different numbers of humps.
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F lz;l foot Normal arch

Figure 6- Illustrative examples for different variants of Chippaux-
Smirak index (CSI).

36%, left 28%). The frequency of flat foot was higher in
males (right 20%, left 20%) than in females (right 14%,
left 8%) as shown in Table-6.

3.7. Table-7 shows the differences between morpho-
logical features of footprints by sex, ethnicity, and side
using regression analysis:

It was found that among morphological features of
footprints, the t3-t4 inter-distance, the number of phalan-
geal marks, the number of humps as well as CSI differed
between males and females.

Males tended to have lower t3-t4 inter-distance (Prop
OR=0.54, 95% CI: 0.34, 0.88) and higher CSI (Prop
OR=1.94, 95% CI: 1.23, 3.07). This observation was
consistently shown among both races and both sides.

On the other hand, the relation between the number of
humps or phalangeal marks and sex were not consistent
among Egyptians and Malaysians.

* Among Egyptians, being a male was associated
with a 14% increase in the number of humps
(95% CI: 6% to 23%]. Among Malaysians, this
association was not observed. The number of
humps among Malaysian males was equal or less
than these observed among Malaysian females.
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(IRR=0.93, 95% CI: 0.86 to 1).

*  While Malaysian males tend to have significantly
fewer phalangeal marks compared to Malaysian
females (IRR=0.69, 95%:0.55 to 0.88), no signifi-
cant difference was observed among Egyptians.

As regards ethnicity, it is apparent from Table-7 that,
apart from CSI, all footprints characteristics differed
between Egyptians and Malaysians. Overall, toes inter-
distance measures were wider among Malaysians. This
observation was considerably evident across t1-t2 inter-
distance, t2-t3 inter-distance, and t3-t4 inter-distance, but
less evident in t4-t5 inter-distance (p=.057).

The relation between the number of humps or pharyn-
geal marks and ethnicity was not consistent among males
and females. Malaysian females tend to have significant-
ly more humps and phalangeal marks compared to Egyp-
tian females (IRR= 1.14; 95%CI: 1.06, 1.24, p=.001 and
IRR=1.58; 95%CI: 1.23 to 2.02, p<.001 respectively).
By contrast, among males, Malaysians tend to show rela-
tively fewer humps than Egyptians (IRR 0.93, 95%CI:
0.87 to 0.99; p=.034) and insignificantly different num-
ber of phalangeal marks (p=.415).

As regards the difference between right and left feet,
the present study revealed that among Malaysian and
Egyptian males and females, the right and left feet were
overall comparable. Only t2-t3 inter-distance and count
of humps differed by side. With adjustment for ethnicity
and sex, left foot tend to have smaller t2-t3 (OR_pr Jp=0.67;
95%: 0.45 to 0.93, p=.017). Moreover, compared to right
side, left foot showed more humps among Egyptians only
(IRR=1.07; 95%; 1.01 to 1.13, p=.021) with no statisti-
cally significant difference observed among Malaysians

(p=2873).

4. Discussion

Although it can be used effectively for personal iden-
tification, some crime scene investigators underestimate
footprint as important physical evidence in many inci-
dents. It was reported that a footprint can give informa-
tion even more than a fingerprint [16-18].

The evidence may be recovered as a partial or com-
plete footprints in the crime scene or mutilated remains
of feet in mass disasters. Forensic podiatrists collect any
evidence related to the foot that may be useful in deter-
mining the identity [19].

It has been a well-observed fact that the foot is unique
to each individual. Environmental and conditions like ha-
bitual barefoot walking and wearing of a particular type
of footwear may affect the foot structure and result in
anatomical and morphological variations. [20, 21].

ASFSFM 2020; Volume 2 Issue (1)
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Table 1- Distribution of study participants according to the relative morphological length of the first, second and third toe in the foot-
prints (number of prints=400).

Egyptian Malaysian
Male Female Male Female
Foot tvpe Right Left Right Left Right Left Right Left

P (n=50) (n=50) (n=150) (n=50) (n=50) (n=50) (n=50) (n=50)

No. % No. % No. % No. % No. % No. % No. % No. %
T* 17 340 18 360 24 480 15 300 7 140 10 200 8 160 7 14.0
F+ 26 520 25 50.0 17 340 23 460 32 640 34 680 32 640 36 720
o1 7 140 7 140 9 180 12 240 11 220 6 120 10 200 7 14.0

MS§ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

*Tibularis type; fFibularis type; }Intermediate type; §Medularis type.

Table 2- Distribution of study participants according to toes inter-distances in the footprints (number of prints=400).

Egyptian Malaysian

Toes Male Female Male Female

inter- Right Left Right Left Right Left Right Left
distance (n =50) (n=50) (n=150) (n =50) (n =50) (n=50) (n =50) (n =50)

No. % No. % No. % No. % No. % No. % No. % No. %

1102+
Namow (<05 14 280 13 260 17 340 12 240 6 120 7 140 6 120 10 200
Mediym (051- 34 680 37 740 29 580 37 740 39 780 37 740 41 80 36 720
Wide @1.5¢cm) 2 40 0 0.0 4 8.0 1 2.0 5 100 6 120 3 6.0 4 8.0
©2-3¢ (n=49) (n=50)
Narow (<05 39 790 43 860 31 62.0 36 720 26 520 32 640 25 500 28 560
Mediym (051 10 204 7 140 19 38.0 13 260 24 480 I8 360 25 500 22 440
Wide @15em) 0 0.0 0 0.0 0 0.0 1 2.0 0 0.0 0 0.0 0 0.0 0 0.0
13-t41 (n=49) (n=50)
Namow (<0533 673 37 740 27 540 32 640 23 460 24 480 19 380 11 220
Meqiym @51- 16 326 13 260 23 460 18 360 27 540 25 500 31 620 39 780
Wide 1.5em) 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 1 2.0 0 0.0 0 0.0
t4-t5 § (n=49) (n=49) (n=49) (n=49) (n=49) (n=49) (n=49) (n=49)
Narow (<05 12 240 8 163 12 2608 8 178 3 625 4 8.3 9 190 10 217
Mediym (051- 37 740 40 816 34 73.9 36 800 43 895 40 833 37 787 35 761
Wide @1.5em) 1 2.0 1 204 0 0.0 1 22 2 42 4 8.3 1 2.1 1 22

*inter-distance between first &second toe; finter-distance between second &third toe; | inter-distance between third & fourth toe; §inter-distance between fourth & fifth toe.
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Table 3- Distribution of study participants according to number of phalangeal marks created by toes in the footprints (number of
prints=400)

Egyptian Malaysian
Male Female Male Female

Number of Right Left Right Left Right Left Right Left

PMS* (m=50) ®@m=50) (@=50) @m=50) (@=50) (@m=50) (n=50) (n=50)

No. % No. % No. % No. % No. % No. % No. % No. %

Absenceof o 4 60 9 180 7 140 5 100 7 140 5 100 6 120
PMS*
Y

PMtO‘e“"“e 34 680 36 720 33 660 34 680 35 700 30 600 25 50.0 24 480
Y

PMStO;‘tW" 10 200 8 160 7 140 6 120 8 160 12 240 9 180 11 220
Y

PMStO‘;th“e 0 00 0 00 1 20 2 40 1 20 1 20 6 120 4 80
.

PMSm;‘s‘f"“r 1 20 3 60 0 00 1 20 0 00 0 00 2 40 0 00
Y

PMStoe‘;‘ﬁve 1 20 0 00 0 00 0O 00 1 20 0 00 3 60 5 100

*PMS; phalangeal marks

Table 4- Distribution of study participants according to phalangeal marks created by different toes in the footprints (number of
prints=400).

Egyptian Malaysian
Male Female Male Female

PMS* created Right Left Right Left Right Left Right Left
by various toes  (n = 50) (n =50) (n =50) (n =50) (n =50) (n =50) (n=50) (n =50)

No. % No. % No. % No. % No. % No. % No. % No. %

PMS*bytoel 45 90.0 44 880 41 820 42 840 44 880 42 840 42 84.0 44 88.0
PMS* bytoe2 6 120 S5 100 3 60 5 100 1 20 1 20 9 180 10 20.0
PMS*bytoe3 2 40 3 60 1 20 1 20 2 40 2 40 13 260 10 20.0
PMS*bytoe4 1 20 2 40 1 20 2 40 2 40 1 20 6 120 5 10.0

PMS*bytoe5S 9 180 10 200 4 80 6 120 10 200 11 220 14 28.0 14 28.0

*PMS; phalangeal marks

* Percentages are not mutually exclusive

B-m&“ Waff Arab Unfoerstty for Securfty Sclences
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Table 5- Distribution of study participants according to number of humps in the footprints (number of prints=400).

Egyptian Malaysian
Male Female Male Female

No. of Humps (f i=g151(t)) (nL=e 20) (113 i=glsltt)) (nL=e 20) (113 i lsl(t)) (nL=e f5t0) (113 i lsl(t)) (nL=e f5t0)

No. % No. % No. % No. % No. % No. % No. % No. %

1 2 40 0 00 3 60 2 40 O 00 O 00 2 40 2 40
2 21 420 15 30.0 30 60.0 28 56.0 27 540 28 56.0 17 340 16 32.0
3 26 52.0 31 62.0 17 340 20 40.0 22 440 22 440 28 56.0 29 58.0

4 1 20 4 80 O 00 O 00 1 20 O 00 3 60 3 60

Table 6- Distribution of study participants according to Chippaux Smirak index variants of footprints (number of prints=400).

Egyptian Malaysian
Male Female Male Female
CSI Variants (rl}iglslit)) (nL=e 20) (11} i=glsl(t)) (nL=e f5t0) (rlf Eg lsl(t)) (nL=e 20) (rln1 E 1515) (nL=e fsto)
No. % No. % No. % No. % No. % No. % No. % No. %
Normal 10 200 5 100 13 260 19 38.0 11 22.0 14 28.0 18 36.0 14 28.0

Intermediary 18 36.0 25 50.0 27 540 17 340 21 420 21 420 21 420 25 500
Low 15 300 11 220 4 80 7 140 8 160 5 100 4 80 7 140

Flat 7 140 9 180 o6 120 7 140 10 200 10 200 7 140 4 80

Chippaux Smirak index

There have been very limited number of similar the inkless shoe print kit. This method was chosen
publications that have considered the morphological because it is simple, easy to use, yields clear prints and is
characteristics of footprints [7, 9, 12, 22]. However, relatively inexpensive. At the same time, it was reported
those studies did not apply statistical tests to assess the that it caused no allergies and no issues concerning
significance of their results. hygiene or cross-infection [23].

The present study highlighted some of the The age of the subjects who participated in the
morphological characteristics of footprints in Egyptian present study ranged from 18-30 years. This age range
and Malaysian populations and it aimed to determine was chosen to ensure that the average adult length of the

whether sex and population differences affects the range

foot is attained and to avoid age-related changes such
of foot morphology parameters.

as wrinkles that may be reflected in the feet of elderly
In the present study, footprints were collected using persons [19, 24].
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Table 7- Differences in morphological features by gender; ethnicity and side.

Male vs Female Malaysian vs Egyptian Lt side vs Rt side
Foot type®
Exp (B) . Exp (B) : Exp (B) :
[95%CI] (p-value) [95%CI] (p-value) [95%CI] (p-value)
OvsT 0.8 [0.39,1.64] (0.538) 2.29[1.1,4.75] (0.027) 1[0.6,1.66] (0.987)
1.16 341
FvsT [0.64.2.11] (0.617) [1.86.6.26] (<.001) 1.2 [0.86,1.67] (0.276)
Toes (t) Inter-
distance®
1.16 2.38 0.98
t-2b [0.68,1.99] (0.588) [1.37.4.14] (0.002) [0.72.1.34] (0.918)
0.61 2.41 0.67
(2-63b [0.37,1.02] (0.058) [1.45.4.01] (0.001) [0.49,0.93] (0.017)
0.54 3.03
t3-t4b [0.34,0.88] (0.012) [1.89.4.86] (0.000) 0.98 [0.7,1.38] (0.922)
t4-t5b 179 (0.056) 181 (0.057) 1.3[0.88,1.92] (0.191)
[0.99,3.27] ’ [0.98,3.35] ' TR '
Phalangeal
marks
number*
0.69 1.58
) 0.003 1.23,2.02 <.001
[0.55,0.88] M ( ) [ Female ] ( ) 102
1.2[0.95,1.51 0.91 [092.1.12] 07
21 .E 1311 (0.123) [0.73,1.14] (0.415)
Male
Humps count®
114 1[0.95,1.04]
0.93 [0.86,1TM (0.056) [1.06,1.24] (0.001) ’ M’ ’ (0.873)
Female
0.93
1.14 1.07
[1.06.1.23]E (<.001) [0.?\/7[;(;.699] (0.034) [1.01.1.13] E (0.021)
1.94 0.84 0.97
b
CS1 [1.23,3.07] (0.004) [0.54,1.31] (0.435) [0.76,1.24] (0.805)

Exp(B) stands for adjusted proportional odds ratio in case of adjusted odds ratio from logistic regression (a), ordinal logistic regression (b), adjusted
incident rate ratio from Poisson regression (c). M, E, Male, Female stands for Exp(B) calculated among Malaysians, Egyptians, males and females
respectively.

CSI, Chippaux-Smirak index; O, intermediate foot type; T, tibularis type, F, fibularis type; t1-t2, inter-distance between first &second toe, t2-13, inter-

distance between second &third toe; t3-t4, inter-distance between third &fourth toe; t4-15, inter-distance between fourth &fifth toe.
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On the other hand, footprints were taken from both
feet of each participant in the present study. Many ear-
lier studies suggested that individuals demonstrated high
asymmetry between left and right feet because most of
the individuals have dominant foot. The dominant foot
supports the body to a greater extent, so the bones of
the this foot are subjected to stronger stress forces like
weight-bearing pressures than are the bones of the other
foot. This, in turn, results in enlargement of bones of the
dominant foot and therefore, produces footprints with
different dimensions and morphology [18, 25, 26].

Based on the relative morphological lengths of the
first, second and third toe, the footprints are classified
into four types: T-type (Tibialis-type), F-type (Fibularis-
type), M-type (Midularis-type) and O-type (Intermedi-
ate-type) [13].

In the current study, the most frequent foot type in
Egyptian males was F-type, while in females T-type and
F-type were the most prevalent types in right and left
foot, respectively, In Malaysian population, F-type was
the most frequent in both sexes. These findings were in
accordance with the findings reported by Tharmar [9] and
Moorthy & Sulaiman [12] on Malaysian population. On
the contrary, krishan [7] found that T-type was the pre-
dominant one in North Indian males.

One of the variations of footprints in the toe region is
the toes inter-distance, which shows characteristic fea-
tures as no two footprints have identical toes inter-dis-
tances even between the left and right footprints of the
same individual. Jasuja et al [27] studied the different
forms of toe inter-spaces and reported that a difference
has been observed in occurrence of toe inter-spaces and
also in various toe positions.

In the present study, the percentages of medium and
narrow inter-distance were the predominant and wide
toes inter-distance was the least finding in all groups.
This result coincided with Tharmar [9] and Moorthy &
Sulaiman [12].

Within the studied footprints in the current work,
missing toe prints were sometimes apparent. This finding
may be related to actual missing toes, contracted/retract-
ed toes or the foot function itself that could have led to
an absence of ground contact at the site of the apparently
missing toe [28].

The ball region of the footprint represents the major
weight-bearing area of the plantar surface of the foot.
Furthermore, its morphological contours and features are
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well defined. General appearance of the ball region, rela-
tive placement of the first metatarsal joint to that of the
fifth metatarsal may be straight, oblique or horizontal,
so it forms morphological features of the region and ball
line may have one or several humps [19].

Egyptian population sample showed that in male,
three humps was the most frequent finding, while in fe-
males, the prints with two humps were found more often.

In Malaysian population, the presence of two humps
was the most predominant finding in males, while the fre-
quency of three humps was the highest in females. This
was in accordance with the findings reported by Tharmar
[9], Moorthy and Sulaiman [12] and Krishan [7]. The re-
sults of their studies showed variability of the number of
humps from no humps in the ball line to five humps.

Another identifying characteristic feature in footprint
is the phalangeal mark which is created by the phalanges
of the toes and is imprinted in the form of toe stems. The
presence, position, and number of the phalangeal marks
are also of great evidentiary value in criminal investiga-
tions and can be used as a method of comparison [7].

As regards the position of phalangeal marks, the
present study revealed that the phalangeal marks of both
populations were not only created by toe one, but also by
other toes with varying frequencies in both sexes. This
finding was in agreement with Tharmar [9], who demon-
strated that the phalangeal marks created by first toe took
the highest percentage followed by fifth toe, third, and
second toe and those created by fourth toe were the least
in Malaysian Chinese population. In the study of Moor-
thy and Sulaiman [12], the Malaysian Malay population
had also followed almost the similar order observed in
the current study in both sexes. This may be due to the
fact that both studies conducted on a sample of Malay-
sian population.

However, Krishan [7] reported that phalangeal marks
of the toes 2—5 were not found in most of the footprints
among Indian Gujjar males.

Another finding in the present study is the presence
of multiple phalangeal marks in some samples and some
other prints showed no phalangeal marks at all. This find-
ing was consistent with Tharmar [9] and Moorthy and
Sulaiman [12].

On the other hand, many different measures and indi-
ces have been used to describe foot shape based mainly
on the geometry of the medial longitudinal arch. [20].
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In the present study, the Chippaux- Smirak index
(CSI) was the chosen parameter used in footprint evalu-
ation. Chen KC et al. [29] concluded that the CSI had a
high predictive probability in screening for flatfoot.

The frequency of intermediary variant was the com-
monest in the entire sample participated in the current
study, while low and flat foot were the least common
variants in both populations.

The frequency of flat foot was higher in males than
in females. This finding was in accordance with Tharmar
[9] and Moorthy and Sulaiman [12].

In the present study, males tended to have higher CSI
than females. This difference between both sexes could
be explained by the fact that larger foot tends to have a
lower-arched foot [19].

At the same time, this finding was contradictory to
the results showed by Didia [30] in Nigerian population
in which the frequency of flatfoot was found to be higher
in females than in males.

The frequencies of CSI variants were different be-
tween the Egyptian and Malaysian populations studied
in the current work and that can be explained by differ-
ent environmental conditions and the different habitual
use of footwear that may influence the overall shape and
planter pressure variables [31].

For forensic anthropological methods of identifica-
tion to be more accepted and applicable, research using
statistical methods such as regression analysis is needed.
According to the available knowledge, none of the previ-
ous studies conducted to show the importance of foot-
prints morphological characteristics in determination of
personality, used regression analysis to assess the statisti-
cal significance of their results.

Using regression analysis, the current study revealed
that among the studied morphological features of foot-
prints, the t3-t4 inter-distance, number of phalangeal
marks, and count of humps as well as CSI were the best
to use in assessment of sex from footprints morphology.

For sex determination in Egyptian population, the
present study showed that it was more accurate to use
count of humps rather than using the number of phalan-
geal marks as males tended to have 14% increase in num-
ber of humps. While in Malaysian population, it was bet-
ter to use the phalangeal marks as males tended to have a
significantly fewer number of marks.

On the other hand, apart from CSI, all foot morpho-
logical characteristics could be used in determining of
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population difference. Malaysians tended to have O or F
foot type rather than T-type. Moreover, the comparative
analysis of humps showed that overall toes inter-distance
measures were wider among Malaysians.

As regards determination of population difference
using count of humps and number of phalangeal marks,
Malaysian females tended to have significantly more
humps and phalangeal marks compared to Egyptian fe-
males. On the contrary, among males, Malaysians tended
to show relatively fewer humps than Egyptians and insig-
nificantly different number of marks.

5. Conclusion

From the current study, it could be concluded that foot
has unique morphological characteristics that would help
in building the biological profile of individuals and may
be useful in inclusion and exclusion process of suspects.
There are many incidences that only a small portion of
footprint found at a crime scene may be sufficient for
building the biological profile of individuals. Therefore,
the present study encourages conducting more research
on different populations to confirm the current findings.

6. Recommendations

To yield more reliable results that could be replicated
in forensic practices; the following recommendations are
proposed:

» Studies on larger sample size and on different
populations to confirm the current findings

+ Similar studies are to be undertaken if morpho-
logical features vary considerably between static
and dynamic footprints, or vary if studied on dif-
ferent types of surfaces.
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