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ABSTRACT

In the study of human remains, forensic anthropologists must have the
necessary knowledge of human variation specific to a given region and population
in order to be able to identify any unknown individual. Height estimation by
measurement of various long bones has been attempted by several workers with
variable degree of success. Population based differences exist in both metric and
morphological features of the skeleton and these have changed over time.
Therefore, it is vital for biological anthropologists to conduct up-to-date research
on diverse population groups residing in different geographic zones. Objective: to
establish a relationship between the stature and both foot & hands dimensions
among male and female individuals of Greater Cairo. Subjects and methods:
Measurements of stature, foot length, foot width, hand length, and hand width
were recorded from 500 adult males and from 500 adult females (age range 18-60
years). Results: the present study has established definite correlation between
stature and foot-length and also regression equations have been established.
Conclusion: the established correlation in the present study will help in
establishing identity of individuals in greater Cairo.

Keywords: Stature; Dimensions of Hand; Dimensions of Foot; Egyptian
Population.

INTRODUCTION anthropology (Albert, 2012).
Anthropometry is a common non
invasive inexpensive method used to
assess the proportions size of human

Fields of anthropology include
cultural anthropology, archeology,
and physical anthropology. Forensic
anthropology is subfield of physical
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body. It is a reflection of health and
nutrition (WHO, 1986).

Anthropometry has been widely
used in the recent years and the
interpretation of the results became
very important to be correct and well
understood. The choice of
anthropometric measures and their
application and interpretation differ
between the situations where they are
applied (Beaton, 1990).

Many countries due to ethnic
diversity have developed
anthropometric database for different
population groups such as civilian,
students and military personnel
(Bolstad et al., 2001). The bodily
proportion refers to a scale calculated
as a ratio between a body dimension
and another dimension used as a
reference. Stature is considered as the
most common reference dimension
(Pheasant, 1996; and Lin et al.,
2004).

Stature is considered to be one of
the most important indicators of body
size and it results from multi-factorial
biological process. It is determined
by hereditary factors that are affected
by environmental conditions such as
nutrition and climate (Canda, 2009;
and Krishan et al, 2011).
Estimation of the stature is affected
by several factors such as the age,
sex, and socioeconomic level (Fogel,

1994; WHO, 1995; and De Onis &.
Habicht, 1996).

In forensic examinations, several
studies have demonstrated that the
stature of the assailant can estimated
from hand imprints and footprints at
the crime scene. Likehood, the stature
of a victim can be estimated when a
part of body is all that remains such
as a long bone (Ozaslan et al., 2003;
and llayperuma et al., 2009).

The dimensions of the foot have
been used for the determination of
sex, age, and stature of an individual
(Kanchan et al.,, 2008). Forensic
podiatry is to attribute an individual
with a scene of crime and to establish
personal  identity in  forensic
examination (DiMaggio & Vernon,
2011).

The relation between the stature
and foot dimension has been
investigated and significant
correlation was found between the
stature and foot length in males on
one side and stature and foot width in
females on the other side (Kanchan
et al, 2008). On the other hand,
several studies stated that the hand
lengths can be used as an alternative
measure to stature (Lacia et al.,
2002; and Waghmare et al., 2011).

AIM OF THE WORK

The current study is directed to
establish a relationship between the
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stature on one side and foot & hands
dimensions among male and female
individuals of Greater Cairo on the
other side.

SUBJECTS & METHODS

Measurements of stature, foot
length, foot width, hand length, and
hand width were recorded from 500
adult males and from 500 adult
females (age range 18-60 vyears).
Measurements (in millimeters) were
taken using standardized
anthropometric measuring
equipment; sliding, spreading calipers
and standard measuring tape (figure
1&2).

The majority of the examined
cases (about 70%) were students at
Faculty of  Medicine, Cairo
University. The remainders are
neighbors and relatives of the
examiner. Ethically, an informed
consent was taken from the subjects
of the study. None of the participants
was coerced or rewarded. The
protocol of the present study has been
accepted by the research ethical
committee.

The inclusion criteria included
both healthy males and females aged
between 18 and 60 years with known
age and sex. The exclusion criteria
included any individual  with
congenital, pathological or traumatic
bone deformities.

Total height is measured from the
top of the head to the soles of the
bare feet using the stadiometer with
the person in Frankfort horizontal
plane (fig 2a). The headboard is
lowered till the top of the head and
the height was then recorded in
centimeter. Alternatively, if the
stadiometer is unavailable, a tape-
measure can be used (fig.2b).

With the help of sliding Calipers,
foot length was taken between the
most projecting points posteriorly
(Pternion) and anteriorly
(Acropodion) of the first or second
toe whichever was bigger (fig3).

The foot width (broadest) point
of the foot is measured between the
medial prominence of the first
metatarso-phalangeal (MTP) joint
and the lateral prominence of the fifth
MTP joint of the foot. It is measured
on sole of the foot using the tape-
measure, calipers, or clear ruler.
Patients is in a relaxed position,
sitting, or lying down; however, foot
width may be most easily measured
with the individual standing on the
tape-measure (fig4). A line is drawn
on the foot marking the MTP joints
and the measure was taken between
the markings. Alternatively, using the
sliding Calipers, foot breadth was
measured from metatarsale-tibiale to
the metatarsale-fibulare point.
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The length of the hand is
measured from the tip of the middle
finger to the distal crease at the wrist
to by tape-measure, calipers, or clear
ruler. The wrist is held in neutral
position, and the fingers are fully
extended (fig5). A line was drawn on
the hand and the measure was taken
from the estimated points. In cases
where the subjects have multiple
wrist creases, choose the most distal
crease. Alternatively, it can be
measured using a measuring tape
from mid-point below radial and
ulnar tuberosities to the tip of middle
finger.

Hand width is measured from
base of 5th to 2nd metacarpus using a
sliding caliper. Alternatively, the
width of the palm of the hand is

measured from the edge of the hand
on one side to the edge of the hand on
the other side at the level of the
metacarpo-phalangeal joints by tape-
measure, calipers, or clear ruler. The
wrist is in a neutral position with the
fingers fully extended. A line was
drawn on the hand and the measure
was taken from the estimated points

(fig6).
STATISTICAL ANALYSIS

The measurements obtained were
statistically analyzed using SPSS
14.0. Analysis of the stature, hand
length, hand width, foot length, foot
width, age and stature between male
and female individuals was done by
paired  t-test. Karl  Pearson’s
correlation coefficients and linear
regression analysis were done.

LW

Figure (1): Anthropometric instruments
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2007).

Figure (5): Measuring hand Iength (Hall et al., 2007).
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Figure (6): Measuring palm width (Hall et al., 2007).

RESULTS

In the current study, the mean age of
the two studied groups was in men
(27.98+10.0) and in women (33.46x+10.4)
respectively. All the measurements were
significantly higher in males than in
females. The measurements two studied
groups are as shown in table (1), fig (7)
and fig (8).

The frequency distribution of toe
number used in foot length measurement
in men was 92.2% for 1% toe and 7.8%
for 2" toe. As for women, it was 81% for
the 1% toe and 19% for the 2" toe as
shown in fig (9).

Linear regression analysis was done
to estimate the contribution of each of the
following parameters (hand length, hand
width, foot length and foot width) to the
stature. The linear regression equations
are as follows:

Stature= 67.977+5.11(Hand length)

Stature= 126.244 + 4.417(Hand
width)

Stature = 114.748 + 1.983 (Foot
length)

Stature = 136.184 + 2.799 (Foot
width)

The estimated regression equations
accounted for 40.8%, 10.1%, 13.6% and
10.1% of the variability in stature,
respectively, with a P value < 0.001 for
all.

A significant positive correlation was
observed between the calculated stature
and the actual measured stature by
Spearman’s correlation analysis
according to the four parameters (r=
0.674, 0311, 0.379 and 0.296
respectively with a P value < 0.001 for
all).

To assess the effective factors for
stature, a multivariate stepwise linear
regression analysis was conducted with
respect to age, gender, hand length, hand
width, foot length, foot width and toe
number. Analysis revealed that sex (P
<0.001), Hand length (P < 0.001), age
(P< 0.001), foot length (P < 0.001), hand
width (P = 0.001) and foot width (P=
0.013) had independent and significant
contribution to the overall variability in
stature. The multivariate linear regression
equation of stature is as follows:
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Stature= 100.220 + 9.578 x (gender)
+ 2.422 (hand length) — 0.098 x (age) +
0.509 (foot length) + 1.123 (hand width)
—0.539 (foot width)

Gender is coded as 1 for males and 0
for females while all other variables are
in cm. So the equation for males was as
follows:

Stature=100.220 + 9.578 x (1) +
2.422 (hand length) — 0.098 x (age) +
0.509 (foot length) + 1.123 (hand width)
— 0.539 (foot width)

On the other hand, the equation for
females was as follows:

Stature=100.220 + 9.578 x (0) +
2.422 (hand length) — 0.098 x (age) +
0.509 (foot length) + 1.123 (hand width)
— 0.539 (foot width)

The estimated regression equation
was able to account for 64% [R? (R%q;) =

0.642 (0.64)] of the overall variability in
stature.

A significant positive correlation was
observed between the calculated stature
and the actual measured stature by
Spearman’s correlation analysis (r= 0.81,
P < 0.001). According to the above
equation, it can be seen that the stature
increase, on average, by 9.578 cm for
male gender holding all other
variables constant. It increases also by
2.422 c¢cm, 0.509 cm and 1.123 cm for
every one cm increase in hand length,
foot length and hand width, respectively,
holding all other variables constant. On
the other hand, holding other variables
constant, the stature decreases, on
average, by 0.098 cm and 0.539 cm for
every one year increase in age and one
cm increase in foot width, respectively.

Table (1): Mean values£SD of the age and different measurements in the two studied groups.

Male (n=500) Female (n=500) P
Age 27.98+10.0 33.46+10.4 <0.001
Stature (cm) 172.71+6.5 159.2+6.08 <0.001
Hand length (cm) 19.79+1.00 18.55+0.94 <0.001
Hand width (cm) 9.15+0.67 8.82+0.62 <0.001
Foot length (cm) 26.52+1.80 25.39+£1.52 <0.001
Foot width (cm) 10.99+1.14 10.27+0.80 <0.001

P<0.01 = significant
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Figure (7): Mean Stature of the two studied groups.
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Figure (8): Mean values of different measurements of the two studied groups.
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Figure (9):

Frequency distribution of toe number used in foot length measurement.
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Figure (10): Scatter plot between measured stature and calculated stature according to hand

length.
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Figure (12): Scatter plot between measured stature and calculated stature according to foot
length.
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Figure (13): Scatter plot between measured stature and calculated stature according to foot
width.
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DISCUSSION

Individual assessments as regard
heath, socioeconomic factors can be
conducted through anthropometric
measurements throughout the life
cycle. The World Health
Organization provided
anthropometric indexes and reference
data at different ages for the
assessment of health, nutrition, and
social wellbeing (WHO, 1986).

Adult  human  stature, an
Important anthropometric parameter,
Is determined by several factors such
as polygenic inheritance that define
the physiological potential. On the
other hand, environmental conditions
such as nutrition, climate, and oxygen
will determine to what extent this
potential is realized (Canda, 2009;
and Krishan et al., 2011).

In cases of mass disasters,
identification of the victims from
isolated  extremities plays an
important role. Furthermore, hand
and foot dimensions have been used
for identification of sex, age and
stature in forensic investigations
(Smith, 2007; and Kanchan et al.,
2012). In forensic anthropology,
estimation of the stature from the
dimensions of the feet has a
significant role in establishing
personal identity (Kanchan et al.,
2008; and Sen & Ghosh, 2008).

Tang et al., 2012 studied the
relationship between stature on one
side and the dimensions of the hand
and feet on the other side for forensic
applications. A statistically
significant correlation was found

between the two variables in both
sexes. However, the correlation
coefficient was higher for hand
length.

The present study revealed that
the values of the stature were
significantly higher in males than
females. This was in concordance
with the study conducted by
AbdiOzaslan et al., 2012 which
revealed that the mean value of
stature for males (n=224) is 1724.37
in mm while the mean value of
stature for females (n=132) is
1620.10 in mm. Furthermore, the
study carried by Sonali
Khanapurkar et al., 2012 carried a
study on one thousand adult healthy
persons of both sexes and revealed
similar results to the present study.

In this study, the linear regression
analysis demonstrated a significant
correlation between the stature and
hand measurements. This was iIn
concordance with AbdiOzaslan et
al., 2012 who revealed similar results
and described the linear regression
analysis in millimeter for both males
and females. As for males the stature
equals 922.01+4.15 and 1520.76
+2.45 for hand length and width
respectively. The equation for
females was stature =1116.56+ 2.80
hand length, and stature = 1298.32 +
4.25 hand width.

Regarding the linear regression
analysis in this study between the
stature and foot measurements i.e.
both foot length and width. Sonali &
Ashish, 2012 stated similar results
and a correlation was recorded
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(height= 55.5+ 4.5 foot length, and
height= 59.7+ 5.7 hand length).
Furthermore, AbdiOzaslan et al.,
2012  revealed similar  results
regarding the linear regression
analysis between the stature and
dimensions of the foot (stature
=840.88 +3.52 foot length, and
stature =1450.19 +2.93 foot width)
for males and (stature =941.95 +2.96
foot length, and stature =1461.86 +
1.84 foot width) for females.

In addition, Havna & Nath,
2009 carried a study which revealed
that the linear regression equations to
estimate the stature from the foot
dimensions among males was stature
=119.74 + 1.92 foot length, and
stature =132.61 +3.46 foot width.
While the linear regression equations
among females was stature = 104.25
+2.22 foot length, and stature
=132.33 +2.49 foot width.
Furthermore, another study carried by
Mansur et al., 2012 was conducted
among students Nepal and revealed
significant correlation between height
and foot length (p < 0.01). The
regression equation was stated height
= 3.179 foot length + 87.65.

The multivariate linear regression
equation of stature in this study is as
follow Stature= 100.220 + 9.578 x
(gender) + 2.422 (hand length) —
0.098 x (age) + 0.509 (foot length) +
1.123 (hand width) — 0.539 (foot
width). Gender is coded as 1 for
males and O for females while all
other variables are in cm. So the
equation for males is written as
follows: stature = 100.220 + 9.578 x

(1) + 2.422 (hand length) — 0.098 x
(age) + 0.509 (foot length) + 1.123
(hand width) — 0.539 (foot width).
While the equation for females is
written as follows: stature= 100.220
+ 9.578 x (0) + 2.422 (hand length) —
0.098 x (age) + 0.509 (foot length) +
1.123 (hand width) — 0.539 (foot
width). AbdiOzaslan et al., 2012
showed that the multiple linear
regression formulas for stature (mm)
from hand and foot dimensions as
follows for males: stature
=746.16+2.31(hand length) -
2.13(hand width) +2.85 (foot length)
-0.08 (foot width). While it was:
stature =509.44 +1.52(hand length)
+2.59(hand width) +2.98 (foot
length) -0.04(foot width) for females.

RECOMMENDATIONS

Although a definite correlation
between the stature and the foot
length has been established in this
study, further studies should be
conducted in different regions due to
the great variations  between
individuals due to ethnicity.
Furthermore, the effect of the weight
has to be studied.
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