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Abstract

In cases where only incomplete human remains of an unknown person are recovered
from the crime scene, the estimation of stature from these remains is particularly important
in personal identification. The estimated stature may be used to narrow down the search in
missing person databases. The present study aims to set appropriate regression equations
to estimate stature from percutaneous forearm length for Thai school-age children (45 males
and 45 females) ages between 5 and 19 years in the central region of Thailand. All subjects
were healthy and had no physical deformities. Stature and forearm length were measured by
using a stadiometer and a digital caliper. All measurements were recorded to the nearest
millimeter. The data was analyzed using SPSS version 18.0 for Windows. Descriptive
statistics, paired samples t-test, Pearson’s correlation analysis, linear Regressions, and
multiple regression analysis were used. The results in the present study showed that the
correlation coefficients between stature and forearm (ulna and radius) length are high and
significant in both sexes (r = 0.988 - 0.992, p < 0.01). In Thai school-age children, forearm
lengths (radial length) are highly correlated with stature (standard error of estimation range
from £2.7464 cm to £3.1190 cm). The Multiple regression equations provide slightly better
results than the linear regression equations. Therefore, the equations derived in the present

study will be useful for stature estimation from forearm length in Thai children.
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Introduction

Stature has definite and proportional biological relationship with each part of the
human body. The most commonly used bones for stature estimation of incomplete remains
are the long bones such as femur, tibia, fibula, humerus, ulna, and radius because they are
strong, large and easy to find. Estimation of stature, especially from bones, is a tedious and
time consuming process which involves cleaning and preparation of bones. Due to this
reason, forensic pathologists are using percutaneous measurements instead of direct
measurements of the bone.

Many researchers in several countries have developed regression formulae to
estimate stature from long bones and other bones such as skull, hand, foot. Some studies
have also used forearm bones and percutaneous measurement of forearm to predict stature.
The equations produced for one population do not always give accurate results for another
due to differences in diet, environment and lifestyle of each country.

There are a few studies about stature estimation in the Thai population.
(Mahakkanukrauh, Khanpetch, Prasitwattanseree, Vichairat & Case, 2011) Previous studies
on the estimation of stature from long bones and other bones have been conducted in many
adult populations. However, Thai children have not been studied before. The formula derived
for adults does not provide accurate results for children. Therefore, it is necessary to develop
regression equations for estimation of stature for Thai children, and this study uses forearm

length (ulna and radial) for stature estimation of Thai children.

Objectives

This study aims to find the relationship between stature and forearm lengths and set

regression equations for estimation of stature from radius and ulna length for Thai children

Materials and Methods

The subjects of this study were 90 Thai school age students (45 males and
45 females) in the central region of Thailand of ages between 5 and 19 years. All subjects
were healthy and had no physical deformities.

Stature of the subjects was measured using a standard stadiometer. Each subject
was instructed to stand up in an anatomical position (stand up straight and look straight

ahead). The subject’s head was positioned in the Frankfort Horizontal Plane
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The forearm measurements were taken using a sliding caliper. The ulna length was
measured as the distance from the distal tip of olecranon process to the tip of ulna styloid
process (the elbow to the wrist of forearm) and the radial length was measured as the
distance from the distal tip of ulna head to the tip of radial styloid process. The subject’s
elbow was flexed at 90° to 110" with fingers extended in the direction of the long axis of
the forearm. (AD, JEL, KC, & RM, 1988). All measurements were recorded to the nearest
millimeter.

The data was analyzed using SPSS for Windows version 18.0. Descriptive statistics
of stature and forearm (ulna and radial) measurements were calculated for both males and
females. T-test was utilized to examine statistical significance in bilateral asymmetry
in forearm measurements of males and females. Statistical significance was considered at
P-value < 0.05. The Pearson’s correlation coefficient was calculated. Simple linear and
multiple regression analyses were performed to derive regression equations for estimation of

stature from forearm measurements for males and females.

Results

Descriptive statistics

The descriptive statistics for stature and forearm measurements in males and
females (the minimum values, maximum values, means, and standard deviations) are shown
in Table 1.

Table 1 Descriptive statistics for stature and forearm measurements in males and females

(n =90)
male (n = 45) female (n = 45)
Measurenents | Side
Min Max Mean S.D. Min Max Mean S.D.

Age 5 19 12 4.369 5 19 12 4.369
Height 109.9 1784 145013 | 21.6908 106.3 169.8 142.8 18.7983
Ulna Length Left 15.00 2985 | 226589 | 4.52871 15.00 2085 | 226589 | 4.52871

Right 15.20 29.90 | 22.6533 | 4.50797 15.20 2990 | 226533 | 4.50797
Radial Length Left 15.35 29.90 22.7878 | 4.4939%4 15.35 29.90 22.7878 | 4.49394

Right 15.20 29.80 | 22.7133 | 4.53389 15.20 29.80 | 227133 | 4.53389
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Bilateral asymmetry

Table 2 presents the results of paired samples t-tests; the statistical significance of

bilaterally asymmetry in forearm lengths of both sexes is represented by t and p values.

Table 2 Bilateral differences in forearm measurements in males and females (n = 90)

Male (n = 45) Female (n = 45)
Measurement | Mean diff. Mean diff.
S.D. t-value p-value S.D. t-value p-value
(Left - Right) (Left - Right)
Ulna length 0.00556 0.16349 0.228 0.821 -0.01333 0.22948 -0.39 0.699
Radial length | 0.07444 0.18998 2.629 0.012 0.05667 0.19673 1.932 0.06

It is observed that bilateral asymmetry in the right and left ulna length of both sexes
is not statistically significant. Similarly, the bilateral asymmetry in radial length of females is
not statistically significant. On the other hand, bilateral asymmetry in radial length of males is

statistically significant

Pearson’s correlation coefficients

The results of the correlation coefficients between stature and forearm
measurements are shown in Table 3. All forearm measurements exhibit statistically
significant correlation coefficients with stature (p-value < 0.001). The correlation coefficient
between stature and forearm length(ulna and radial) was higher in the male group. For males,
the highest correlation is exhibited by the right radial length (r = 0.992, SEE = +2.8539),
and the lowest by both sides of ulna length (r = 0.990, SEE = £3.1190 cm for left side and
SEE = £3.0630 for right side). For females, the highest correlation is exhibited by the right
radial length (r = 0.990, SEE = +2.7464), and the lowest by both sides of ulna length
(r=0.988, SEE = +2.9535 cm for left side and SEE = +2.9053 for right side) and the left radial
length (r = 0.988, SEE = +2.9451).
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Table 3 Pearson’s correlation coefficient between stature and forearm length

Male (n = 45) Female (n = 45)
Measurement Side
R P R P
Ulna Length Left 0.990* 0.000 0.988* 0.000
Right 0.990* 0.000 0.988* 0.000
Radial Length Left 0.991* 0.000 0.988* 0.000
Right 0.992* 0.000 0.990* 0.000

*Significant at p-value < 0.001

Simple linear regression equations

The results of linear regression equations of different parameters were obtained as

follows:

For males: Stature (cm) = 37.588 + (4.741 x LULY) (cm)
37.080 + (4.765 x RUL™) (cm)
36.065 + (4.781 x LRL***) (cm)
37.273 + (4.744 x RRL**) (cm)

Stature

(cm)
(cm)
Stature (cm)
(cm)

Stature (cm

(cm) = 36.724 + (4.783 x LULY) (cm)
Stature (cm) = 33.251 + (4.937 x RUL™) (cm)
Stature (cm) = 35.685 + (4.792 X LRL**) (cm)
Stature (cm) = 33.608 + (4.897 x RRL****) (cm)

For females: Stature (cm

cm

LUL = Left ulna length*, RUL = Right ulna length**, LRL = Left radial length***
RRL = Right radial length***

In the present study, regression equations have been formulated with the standard
error of estimate (SEE) ranging from +2.7464 cm to £3.1190 cm.

For males, the highest standard error of the estimation is observed in left ulna length
(SEE = £3.1190 cm), and the lowest in right radial length (SEE = +2.8539 cm).

For females, the highest standard error of the estimation is observed in left ulna
length (SEE = +2.9538 cm), and the lowest in right radial length (SEE = +2.7464 cm).
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Multiple regression equations

The multiple regression equations for estimation of stature from different

combinations of forearm measurements for males and females are presented in Table 4.

Table 4 Multiple regression equations for stature estimation from forearm measurements

in cm (n = 90)
Sex Side Equations r R? SEE
Male Left S =36.462 + (1.525 X LUL) + (3.247 X LRL) 0.991 0.982 3.0150
Right | S = 37.185 + (0.771 X RUL) + (3.979 X RRL) 0992 | 0983 | 28792
Female Left S =36.014 + (2.344 x LUL) + (2.452 X LRL) 0.989 0.978 2.8808
Right | S = 33.435 + (1.140 x RUL) + (3.771 x RRL) 0990 | 0979 | 27626

It is observed that the correlation coefficients, the coefficients of determination, and
standard errors of the estimate of the multiple regression equations are better than those of
the linear regression equations.

For males, the right side of forearm measurements shows the highest correlation
coefficient with stature (r = 0.992) and the lowest standard error of the estimate
(SEE = £2.8792 cm).

For females, the right side of forearm measurements exhibits the highest correlation
coefficient with stature (r = 0.990) and the lowest standard error of the estimate
(SEE = £2.7626 cm).

Discussion

In this study, stature and forearm lengths were measured from a total of 90
(45 males and 45 females) children in the central region of Thailand. The results show that
the mean stature and all forearm lengths of males are higher than those of females; similar
findings were observed in previous studies (Amit, AK, & AK. Ebite et al., 2008; llayperuma
& Nanayakkara, 2010).
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The results of paired samples t- tests show no significant bilateral asymmetry in
ulna length in both sexes (mean difference = 0.00556, p-value = 0.821 for males and
mean difference = -0.01333, p-value = 0.699 for females). Similarly, no significant bilateral
asymmetry in radial length is observed in females (mean difference = 0.05667, p-value =
0.060). This result is supported by the study of Arun Kumar Agnihotri (2009) that showed
no significant bilateral asymmetry in forearm bones of Indo Mauritian populations. Therefore,
we can use either side of ulna for both sexes and either side of radius for females
in constructing models. This is supported by another study on limb bilateral asymmetry
(Freedman, Edwards, Willems, & Meals, 1998). On the other hand, bilateral asymmetry in
radial length of males was significant (mean difference = 0.07444, p-value = 0.012), which
may be due to the regularly use of both left and right side of forearms. However, the results
in the present study were obtained from children age between 5 and 19 years, so the
maturation or growth of the body and the bones are not static in both sexes. Growth usually
indicates physical changes in height, weight and other limbs of the body. It means the
increase and enlargement of the body or different parts of the body making it heavier and
larger.

Linear regression equations and multiple regression equations show highly
significant correlation between stature and forearm length and low standard error of the
estimate, which are similar to previous studies in many populations. For linear regression
equations, the correlation coefficients range from 0.990 to 0.992 in males and 0.988 to 0.990
in females. The right radial length shows the highest correlation coefficients in both sexes.
Multiple regression equations show higher values of correlation coefficients than those of
linear regression equations, which are similar to other studies. For the equations to be
applicable, it is important that the independent variables, i.e. radial length and ulna length, fall
within the minimum and maximum values used in deriving those equations.

When compared to previous studies, the correlation coefficients of this study are
higher. The study by Athawl (Athwale, 1963) showed that stature could be reliable estimated
from forearm length. This is supported by Chikhalkar, Mangaonkar and Nanandkar et.al
(2009) that the forearm length showed the highest degree of correlation (r = 0.6558) in the
region of Mumbai. Similar results were also shown in the present study.

Variety of factors such as age, race, gender and nutritional status affect human
development and growth. Therefore, different equations may be required for different

populations.
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Conclusion

In Thai school-age children, forearm lengths are highly correlated with stature with
the accuracy of stature estimation from forearm lengths ranges from +2.7464 cm to £3.1190
cm. The highest correlation coefficient between forearm length and stature was found in the
radial length. The Multiple regression equations provide slightly better results than the linear
regression equations. The results in the present study indicate that the length of forearm can

be efficiently used for stature estimation.

Suggestions

As the samples were collected from children in the central region of Thailand.
Therefore, other studies in different region of Thailand are required to confirm and become
more reliable and identity of an individual is easily established. The equations from the
present study are specific for Thai children. If the equations derived from this study were
applied to others countries, it would present higher values of error from stature estimation. In
further study, the estimation of stature from different anthropometric measurements should

be used such as standing or sitting in case of the patients cannot stand due to disability.
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