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Abstract

Forensic anthropologists employ in estimating stature from fragmented body parts or human skeletal
remains. This study aimed at investigating the inter-racial difference between adult Egyptian and Bengali
populations regarding the body stature and tibial length, developing regression equation formulae using
the percutaneous length of tibia (PCTL) to estimate stature. Four groups of adult male and femae
Egyptian and Bengali subjects aged >21 were recruited randomly. Body height and PCTL were measured
using the standard anthropometric technique. The means of the stature of the studied groups exhibited
significant differences between all groups (p<0.001) except in Egyptian females versus Bengali male
(p=0.067). There was no significant difference within the same sex of both ethnic groups regarding the
tibial length (Females p=0 .490) and (Males p=0.905).The measured parameters of males were
significantly higher than the corresponding female values. The linear regression equations derived for
male and female Egyptian were 94.080+2.145 x T (+ 3.57) and 76.617+2.375 X T (x 3.89), respectively.
Those for male and female Bengali were 92.500+1.870 x T (+ 2.93) and 105.563+1.473 x T (+ 2.39),
respectively. It was concluded that the derived eguations are flexible and retain redlistic standard errors
that can be used for stature estimation using the length of an intact mutilated leg. These equation formulae
are Sex and ethnic specific. Thus, they should be endorsed in anthropological studies for stature estimation
among the ethnic groups under this study.
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Introduction

orensic pathologist is responsible for establishment

of the identity of the deceased during post-mortem

examination which is a challenging task. As a
result of the increased incidence of terrorism, the
development of transportation facilities, aircraft crashes,
and natural mass disasters; mutilated, dismembered and
skeletonized materials become more common. In these
cases, the forensic anthropologist is required to assist in
partia identification by compiling a biological profile so;
the possibility of individual identification can be
narrowed (Saukko and Knight, 2016).

Along with age, sex, and race, stature is one of
the most essential and useful anthropometric parameter,
which determines the individual physical identity of
human body or his her remains (Rastogi et al., 2009;
Krishan et a., 2010). The standards for stature estimation
are grounded on two main methods: the anatomical
method, which necessitates the presence of a whole
skeleton, or the mathematical method, that needs a
complete long bone to employ multiplication factors or
regression formulae. This mathematical method estimates
the stature by deducing correlation between personal

measurements of bones to living body height (Lundy
1985; Ahmed 2013).

Long bones of the lower extremity are
considered the major contributor of stature. Following to
femur, the measurement of tibial length helps in accurate
estimation of stature more than any further long bone.
This is because tibia can be reached simply and its length
accounts for 22% of the body height (Dikshit, 2002; Alka
and Sharad, 2013). Likewise, percutaneous detection of
tibia length in the living provides better degree of
accuracy (Akhlaghi et al., 2011). Additionally, the role of
tibia in  anthropological research cannot be
over-emphasized due to its resistance to disintegration
and its ability to still retain its anatomical form long after
death. (Iscan 1990; Williams et al., 1995; Krici and Ozan,
1999; Antonova et a., 2013). In contrast, Gruspier and
Pollanen (2000) indicated that the tibia should be
escaped, unless it is the only available bone and if the
Trotter and Gleser formulae are used. They stated aso,
that the length of tibia must be started from the lateral
condyle to the base, excluding the medial malleolus.

Several researchers studied this matter in
different populations. Trotter and Gleser (1952, 1958)
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regression formula that assumed to estimate the stature
from the long bones, have been used for many years.
Later, it was recommended to formulate equations that
are specifically derived for each sex and population to
estimate stature.  Genetic  differences, isolation,
differences in bio-cultural history, geographical climate
and nutrition lie behind these population and sex specific
regression equations (Dupertuis and Hadden, 1951;
Trotter and Gleser, 1952; Lundy, 1983; Lundy and
Feldesman, 1987).

Bengali populations are also known as Bengalis
or Bengalees who are related to an Indo-Aryan ethnic
group. They are inhabitants People’ Republic of
Bangladesh and Indian state of West Bengal located in
the northwestern part of South Asia (Minahan, 2012),
while the Egyptian are relevant to the Mediterranean Sea
ethnic class which is a sub-race group of Caucasian race
(Baum, 2006)

Aim of the study
This study aimed at investigating the inter-racial
difference between adult Egyptian and Bengali
population samples regarding the body stature and tibial
length, developing regression eguation formulae using
the percutaneous length of tibia to estimate the body
stature.
Subjects and methods
Thisis a cross sectional study conducted on two samples
of populations, Egyptian and Bengali. Two hundreds
subjects were recruited, 100 for each group (50 males and
50 females). The Egyptian subjects were volunteers that
were invited for the study at the faculty of medicine,
Tanta University, Tanta, Egypt. The Bengais were
collected randomly from the outpatient clinics of the
General Hospital of Hail, KSA. All of the measurements
were obtained after taking a signed written informed
consent from al enrolled subjects following complete
broad description of the study. Adults aged >18 were
selected. All subjects who suffered from congenital
skeletal defects, pathologies, surgeries, chronic illnesses,
or fractures that could affect the accuracy of
measurements were excluded from this research. The
Ethics Committee of Tanta Faculty of Medicine, Egypt
approved the design of the study.

i. Anthropometric measurements were taken

following Weiner and Lourie (1981) protocol:

1. Stature was measured with a stadiometer

while, the participant was standing
uprightly and recorded to the nearest
0.1 centimeter. It was taken as a distance
from the utmost point on the head (vertex)
to the heel. The head of each participant
was kept in the Frankfort horizontal plane
(eye ear plane) by supporting the
participant’s  chin  (World  Health
Organization, 2008) Living stature was
measured in the morning to reduce the
unwanted effects of diurnal stature
variation (Floyd et al., 2017).

2. Percutaneous length of left tibia was
measured by the spreading caliper in
centimeters. The degree of the calipers
arms separation was determined from their
steel tape. The length of tibia represented
as the distance between the tibiale; highest
point on medial border of the medial
condyle of the tibia to Spherion; the most
distal point on the medial malleolus. The
subject sat facing the examiner with the left
ankle relaxing on the right knee, so that the
medial side of the tibia exposed upwards.
In this position, the tibiale point is easier to
access.

ii. The dtature of the enrolled subjects was
estimated using the commonly developed
regression equations which are designed by
Pearson, (1899), Trotter and Gleser 1, 2 (1952,
1977), Patel et a., (1964) and Joshi et 4.,
(1965) as shown in table (1)

Statistical analysis

The collected data were organized and dtatistically
analyzed using SPSS software dstatistical computer
package for windows version 20. The distribution of
guantitative data was evaluated using Shapiro-Wilk test.
Normally distributed data were expressed as mean and
standard deviation. For comparison between the groups,
one way ANOVA was used. If significant differences
were present, post hoc test was performed (Tukey test).
Data that were not normally distributed were expressed
as median and mean rank and Kruskal-Wallis test was
used for comparison between groups. Association
between height and tibia length in the different studied
groups was tested using Pearson’s correlation.

Simple linear regression analysis was used to
get regression eguations for estimation of stature from
tibialength. The equation used was: Y = a+ b(x) £ S.E.
Here, Y is the dependent variable (the stature), a (the
intercept) the point of crossing between the regression
line and the Y-axis, b the dope of the regression line
(Regression coefficient), x the independent variable
(tibia length) and S.E. is the standard error of estimate.
Significance was adopted at p < 0.05 for interpretation of
results of tests (Dawson and Trapp, 2001).

Results

Regarding the age range of the enrolled subjects in this
study, there was no significant difference between all
four groups P> 0.05 (Female Egyptians, male Egyptians,
female Bengali and male Bengali). The median ages of
the studied groups were 21.5, 21, 27, and 21 respectively.

The means of the stature of the studied groups
exhibited significant differences between al groups
(p<0.001) except Egyptian females versus Bengali mae
(p=0.067). On the other hand, it was observed that there
was no significant difference within the same sex of both
ethnic groups regarding the tibia length. The P value of
the tibial length in Egyptian female versus Bengal female
was (p=0 .490) and in Egyptian male versus Bengal male
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was (p=0.905), while significant difference was revealed
between males and females in the same ethnic group
(P<0.001) (Table. 2).

Table (3) demonstrated that the correlation
coefficient (r) values between the tibial length and stature
of the subjects of all studied groups were highly
significant (P<0.001). They indicated strong positive
correlation between them (0.851, 0.814) for Egyptian
males and females, respectively and (0.836, 0.863) for
Bengali males and females.

Table (4) presented the regression equation for
each enrolled group that was used to estimate the living
stature from the percutaneous length of tibia. All the
created equations showed marked significance (P<0.001)
in estimating the stature. The lowest Standard Error of
the Estimate was observed with Bengali femae group
followed by the Bengali males. So, their developed
equations were the most accurate inbetween the studied
groups.

On caculating the stature of the enrolled
subjects using the developed regression equations by this

study together with the common equations designed by
Pearson (1899), Tr. Gleser » 2 (1952, 1977), Patel et al.,
(1964) and Joshi et d., (1965), it was noticed that there
were no significant differences between the actual and
the predicted stature in al studied groups. The median
actual stature of Egyptian males versus the median
predicted by the Tr. Gleser! equation (S=78.62+2.52T)
exhibited no significant difference. The actual stature of
Bengali females showed insignificant differences with
the Predicted stature by Tr. Gleser? eguation
(S=72.65+2.45T). Furthermore, the predicted stature of
Bengali males by Tr. Gleser? and Joshi et al. equations
(5=86.02+2.19T and S=80.97+2.206T, respectively)
revealed insignificant differences with their actual stature
(Table 5).

On the other hand, the differences between the
actua stature and that resulted after the application of the
equation of Patel et a., (1964) were significantly high
ranged from (-15 cm) in Bengali Mae to (+28 cm) in
Egyptian males.

Table (1): Different regression equations popularly used to calculate statur e from tibial length

Study Male Female Sex Combined
Pearson S=78.664+3.378T S=74.744+2.532T
Tr. Gleser? S=78.62+2.52T S=61.53+2.9T
Tr. Gleser? S=86.02+2.19T S=72.65+2.45T
Patel et a. S=65.51+2.203T
Joshi et al. S=80.97+2.206T

L study of white Americans, 1952 and 1977; 2; study of Black Negroes, 1952 and 1977, S, Sature, T; Tibial length (Anirban

et al., 2013)

Table (2): Statistical analysis (Post hoc test) for comparison of age, stature and tibial length between both sexes of

Egyptian and Bengali population

Groups Tests of significance
Egyptians Bengali
Female Mae Female Male Test p
statistic
Age Range 18.0-42.0 18.0-45.0 18.0-40.0 19.0-31.0 Zw=449 |0.213
(years) Median 21.50 21.0 27.0 21.0
Meanrank  [2.00 1.00 4.00 3.00
Stature | Range 145.0-175.0 162.0-189.0 147.0-166.0 154.0-1700 |F= <0.001*
(cm) Mean+SD | 159.56+6.63 175.06+6.73 155.97+4.68 162.48+5.3 98.93
Post hoc test (Tukey test) revealed significant differences between all groups except Egyptian females versus Bengal
males ( p=0.067)
Tibial Range 32.0-41.0 33.0-45.0 30.0-38.75 32.50-40.0 F= <0.001*
I(i?]%th Mean+SD | 34.93+2.27 37.76+2.67 34.22+2.74 37.42+2.37 24.67
Post hoc test (Tukey test) revealed significant differences between all groups except Egyptian femal e versus Bengali
female (p= 0.490 ) and Egyptian male versus Bengali male ( p= 0.905)

*significant at p<0.05, Zw. Kruskal -Wallistest, F; one way ANOVA, SD; Standard Deviation, cm: centimeter
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Table (3): Pearson’s correlation between tibial length and Staturein both Egyptian and Bengali population

Races Stature (cm)

Males Females

r P value r P value
Egyptians Tibial length (cm) 0.851 <.001* 0.814 <.001*
Bengali Tibial length (cm) 0.836 <.001* 0.863 <.001*

*significant at p<.05, r: Pearson’s correlation coefficient.

Table (4): Simple linear regression analysis and regression eguations for stature estimation in both Egyptian and

Bengali Populations

Race Sex Regression eguation Accuracy (R?) | Pvalue | Std. Error of the Estimate
Egyptians | Males | S(cm) = 94.080+2.145 XT (cm) 72.4% <.001* +3.57
Females | S(cm) = 76.617+2.375x T(cm) 66.3% <.001* +3.89
Bengali Males | S(cm)=92.500+1.870x T(cm) 69.9% <.001* +2.93
Females | S (cm) =105.563+1.473x T(cm) 74.4% <.001* +2.39

S, Sature, T; Tibial length; *significant at p<0.05, R?; Coefficient of determination, Sd; Standard, cm; centimeter.

Table (5): Statistical analysis (Friedman Test) to compare between the actual stature in this study and the predicted

stature using our regression equation and other common equations

Groups

Egyptian Egyptian Bengali Bengali
Females Males Females Males
Median Median Median Median
Actual stature 158.50 175.00 156.00 163.00
Predicted stature by our regression equation 157.37# 173.45% 154.17# 162.63%
Predicted stature by Pearson (1899) 160.83 203.65 158.30 205.34
$+3.46 $+30.2 $+4.13 $+42.71
. 160.13 171.86" 157.23 173.12

1
Predicted stature by Tr. Gleser 51276 1159 $13.06 511049
. 155.95 167.05 153.50* 168.15

2
Predicted stature by Tr. Gleser 5142 564 5067 1550
. 140.41 147.02 138.21 148.12
Predicted stature by Patel et a. 51696 52643 51596 $1451
. . 155.97 162.59 153.77 163.70%
Predicted stature by Joshi et al. 514 51086 504 1107
i z 231.81 261.53 202.92 271.34
Friedman Test D <001 <001 <001 <001

(*); significant at p<0.05, superscript (%); significant difference from the median of Present Sudy, superscript (*); no
significant differences with the median actual stature, Z; Friedman Test

Fig (1):'Manual spreading

caliper

. il 4 “ o »
Fig (2 & 3) Measuring the tibial length of some subjects in the study using the
spreading caliper
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Discussion

The edstimation of stature is essential in forensic
anthropology where the rising frequency of mass
disasters causes bony fragments and dismembered human
remains. The external examination done before autopsy
include measurements that help the regression equations
to be used in estimating living stature (Christensen et a.,
2015).

As postulated the regression equations for
stature estimation are population and sex specific, this
necessitates the researches to be done on a regional
foundation. So, this study was undergone to derive
equations for estimation of stature of Egyptian and
Bengali male and femal e populations.

In (1952) Trotter and Gleser concluded that
increase in stature after 18 yearsisinsignificant and there
isno statistical significant alteration after age 18. For that
reason the current study was done on persons aged >18
years. To remove the impact of the epiphyseal growth
element in regression equations construction, it is
preferred to select the individual aged more than 21. The
studies of El-Meligy et a., (2006) & Alka and Sharad
(2013) were conducted on both male and female
Egyptian and Indian students aged from of 19 -21 years
and 18- 24 years, respectively.

In the present work, the means of the measured
stature and tibial length showed significant increase in
males than in females of the same age and population
group. This can be clarified based on the fact of
epiphyseal union occurs earlier in female than male. So,
boys have a chance for bony growth of about two years
than girls which was conveyed as surpass of the
somatometric measurements of the adult male (France,
1998).

In this current work, it was noted that both
Egyptian males and females’ statures were significantly
higher than their corresponding Bengali groups, but there
was no significant statistical difference between Egyptian
females and Bengali males. This can be explained by that
the stature is influenced by several factors other than sex
and race (Lundy, 1983). On the other hand, the tibial
length exhibited non-significant relation within the same
sex of the two studied populations.

These observations indicated that the role of
tibial length was not marked in causing stature variation
within the same sex of the two studied population.
Trotter and Gleser (1958) supported this assumption that
comparison of bone lengths showed no differencein limb
length but significant stature differences between the
victims of World War Il and Korean War. The increased
stature in Korean group is attributed to later growth in the
spinal region (secular trend), not due to bones of the leg.

The present study showed that stature was
significantly and positively correlated with the tibia
length (r > 0.814). These findings were consistent with
previous studies that were undertaken by Dayal et a.
(2008) and Brits et a. (2017) on South African Whites
males and South African females, which were 0.88 and

0.875, respectively. The value of (r) in this study was
higher than study of Kaore et a. (2012) that was
conducted on Navodaya group of ingtitutions and RIMS,
Raichur, India as (r) values were 0.797 for males and
0.694 for females.

The study done by EI-Méeligy et a., (2006) in
Assiut region in Egypt showed that the (r) values were
0.75 for males, and 0.48 for females, while another study
done by Trivedi et al. (2014) on people of Gwalior
region, India revealed that the (r) values were 0.4342 for
males and 0.6014 for females.

On the other hand, (r) values of this present
study was lower than the studies of Dayal et a. (2008),
Anirban et a. (2013) and Brits et al. (2017) that done on
south African whites females, Eastern Indians, and black
south African males, respectively. This variability may
be caused by group specific differences in the mean
height and mean tibial length together with unlike age
ranges.

In the present study, the SEE of the linear
regression equations ranged from 2.39 to 3.57 cm. SEE
of the present study was consistent with Mohanty (1998)
and Brits et al. (2017) but was lower than that reported
by EI-Méligy et a. (2006) (8.24, 6.51 and 8.10 for male,
female and both sexes). In contrast, they were higher than
Kaore et a. (2012) and Anirban et a. (2013) (less than
1cm in both males and females). Estimate of stature was
derived from a linear regression model when a single
measurement is available from the extremities. The
reliability of regression equations in stature estimation is
discovered by the standard error of estimate (SEE) which
expects the deviation of predicted stature from actual
stature and is considered as a degree of the equations
correctness.

In this study, when the popular postulated
regression equations for estimation of the stature from
the tibia length were applied on the participant groups,
there were significant differences except for some groups
as mentioned in table 5. The difference between the
estimated stature of Egyptian and Bengali males by
application of the present regression equation and that of
Pearson was much more (overestimation of 30.2 cm and
42.71 cm respectively). However for Egyptian and
Bengali Females, an overestimation of 3.46 cm and 4.13
cm were obtained. Thus, while the equation of Pearson
for females was closely followed the present regression
estimations than for males yielded awider difference.

Following calculating the stature by using the
Tr. Gleser’s eguations, it was observed that the equation
of white Americans gave measures slightly greater than
the current study for all groups except for Egyptian males
the difference was more evident (+2.76, +1.59, +3.06,
+10.49, respectively). However, application of the
second equation was reliable for both Egyptian and
Bengali female groups as the gap was acceptable (-1.42, -
0.67), respectively. But, it presented under- estimation of
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stature’s Egyptian Males (-6.4 cm) and over-estimation

in Bengali male group (+5.52 cm).

The common equation of Patel et al.
underestimated the stature of all studied groups, so it was
not at al feasible to be applied for estimation of stature
on these groups of population. Finally, Joshi et al.
common equation also undervalued the stature of the
Egyptian males by 10.86 cm less than the current study.
Conclusion
The derived equations are flexible and retain realistic
standard errors that can comprise such minimal changes.
The introduced formulae are ethnic group and Sex
specific that cannot be applied to other ethnic group or
population. Thus, the equations of this study should
endorsed in anthropological and forensic pathological
studies for estimation of stature among the ethnic groups
(Egyptian and Bengali) within study.
Recommendation
Further studies should be encouraged but on alarge scale
al over Egypt to develop linear regression eguations to
estimate the stature specific for both Egyptian sexes.
Then, these eguations should be validated to become
usable in cases of mass disasters. As the sample used in
the current study was insufficient.
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