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Somatometric techniques are important tools in forensic investigation as well as in studying
biological variation. The present study investigated the long bones of the upper extremity to
ascertain which one will be more appropriate to generate regression equations for prediction
of BH. Four long bone lengths (HL UL, RL and CL) were evaluated subcutaneously. BH
was taken using Anthropometer, while randomly HL, UL, RL and CL were measured on
the right side of the body from a pull of 211 subjects using measuring tape. The findings
of the present study indicate that the correlation ‘r” between BH and the right upper limb
measurements were significant for HL, UL, RL, in the overall population; the highest
correlation between the dependent variable BH and the independent variable (UL) in
overall population was 0.82 (P< 0.0001). In the females the correlation was significant
for HL UL, RL, and CL; the highest correlation was found in UL, r=0.71 (P< 0.0001) the
least was indicated by CL, r =0.25. In the males the study revealed positive significant
correlation for HL UL, and RL, The highest correlation was seen in UL, r=0.71 (P< 0.0001)
while the least was 0.26 (P=0.02) as seen in HL. This present study shows that the UL is a
veritable dimension in the estimation of BH for the Igbos because the Pearson’s correlation
coefficient ‘r’ obtained was the heights amongst that obtained for the other segments HL,
RL and CL. Also the coefficient of determinant ‘R’ for testing model adequacy was highest
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Abbreviations

BH, Body Height; HL, Humeral Length; RL, Radial Length; UL,
Ulna Length; CL, Clavicle Length; F, Female; M, male; R, Multiple
Correlation Coefficient Value; R?, Percentage Contribution by the
Explanatory Variable to the Variation in the Dependent Variable (BH);
R?adjusted, Compares the Regression Models Containing Different
Number of Explanatory Variables (Upper Limbs Segments i.e. HL,
RL, UL, and CL); SEE, Standard Error of Estimate (Predicts the
Deviation of Estimated BH from the Actual BH)

Introduction

Somatometric techniques are employed in the measurement of the
living body and cadaver and help in studying biological variations
in humans. Such techniques are useful in forensic/anthropological
investigations to estimate the chronological age and even stature of
a given population or individual. The prediction of the dimension of
one body segment from another or to relate the proportions of one
body segment to another has also gained importance in various area
of modern science. In growth and development, the relationships
between body segments are used in the assessment of normal growth
as well as in scientific syndromes.'™* The relationship between specific
body dimensions is also important in the identification of criminals
and victims. In conditions where the available evidences are skeletal
remains,”® or complete body part/ fragmented parts, Anthropologists/
Forensic Scientist are continually putting forward means to evaluate
and estimate sex, age, height and race, ( the big four of Forensic
Anthropology). In some places, there are times when complete body
parts (either upper or lower extremities) are deposited along the road
by unknown persons.. Such deposited body parts are either carted
away by animals or crushed into pieces by moving vehicles. A time,

the culprits and the person whose body were mutilated were never
identified. This study tries to evaluate the length of the long bones
of the right upper extremity, subcutaneously, in other to generate
possible regression formula for BH estimation of the study population
(Igbo). This is because the identification of a person is important in
the living as well as in the dead. In the living it is required in civil
matters and criminal issues. In the dead it is important for proper
dead body disposal and in unknown bodies.” The Igbo are a group
of distinguished people who live in the Southeastern Nigeria. They
are one of the three major ethnic groups in Nigeria.® They are seen in
villages, towns and cities scattered over the Eastern part of Nigeria,
South of the River Benue and East of River Niger, which is in the rain
forest belt of the country® and also in the diaspora.'” Igbos occupies
an area of about 15,800 square mile (about 41,000 square kilometres)
which is located between Latitude 5° and 7° North, and between 6°
and 8° East of the Greenwich Meridian. They are bounded to the East
by the lands of the Ibibio and the Cross River, to the South by the l[jaw
speaking people, to the West by the Edo ethnic group and to the North
by the Igala and the Idoma speaking people.''3

Materials and method

Participants were randomly selected from a pull of 211 persons'*
and attention was paid on the evaluation of the lengths of the long
bones of the upper extremity after informed consents were given by
the subjects.

Study location

This study was conducted in Imo State, Nigeria and it took eight
(8) months to be completed.
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Demographics

The following demographic information was collected: age, sex,
and state of origin. This is very important in any Somatometric study
because they help to establish variability within populations.

Exclusion criteria

Pregnant women and subjects with musculo-skeletal disorder
affecting body height and upper limb were excluded from this study.

Inclusion criteria

Only participants from the Igbo states who were apparently healthy
were included in the study.

Anthropometrics
i. Body height (BH)

This was measured to the nearest 0.1cm using an Anthropometer
with subjects standing without shoes with the heels held together, toes
apart, and the head held in the Frankfort plane.'®

ii. Humeral length (HL)

This the distance immediately below the acromioclavicular joint
where the head of humerus is felt, to inferior part of the capitulum
where the radius articulates with the humerus when the arm is
abducted.

ili. Ulna length (UL)

The subject’s elbow was flexed to 90° with the fingers extended in

Copyright:

©2015 Ekezie etal. 176

acromioclavicular joint. The long bones of the upper extremity were
accessed subcutaneously!” and measurement was taken using tape
placed at the landmarks described above.

Stastical analysis

The data analysis was carried out using statistical package for
social sciences (SPSS 17.0 software). In summarizing the data, the
Minimum, Maximum, Mean and Standard deviations were estimated
and presented. A comparison of difference of variable in females and
males was also carried out. To test the relationship between BH and
dimensions of long bones of the upper extremity, Pearson correlation
was performed. The prediction function was derived through linear
regression for each of the measurement with BH for the overall
population, males and females separately. Finally the predicted/
estimated values of BH were compared with that of observed/actual
value.

Results

The general Somatometric characteristics of the study population
are shown in Table 1. The descriptive statistics for both the females
and males samples is shown in Table 2. We can see the standard
deviation, the mean, and the maximum and minimum values of the
Somatometric variables. All the Somatometric dimensions measured
directly showed statistically significant differences between females
and males, p<0.0001 with females having a lower mean value than
males (Table 3).

Table | Descriptive statistics of the overall population.

the direction of the long axis of the forearm, and the distance between N Minimum Maximum Mean Std: .
the most proximal point of the olecranon and the tip of the styloid deviation
process of the ulna was measured.'® AGE 211 16 45 2358 495
(years)
iv.  Radial length (RL) BH (cm) 211 149 190 167.55 9.1
The distance measured in cm where the head of the radius articulate
with the humerus (elbow joint) to the radial styloid process palpated RL 203 23 335 28.18  2.08
in the anatomical snuff box. . 84 25 34 29.06 | 87
v. Clavicular length (CL)
' . ' HL 202 2l 39 2996 335
The acromial end is palpated 2-3cm medial to the lateral border
of the acromion, when the arm is alternately flexed and extended, CL 186 86 22 14.62 3.09
then the length in cm is measured from the sternal end to the
Table 2 Descriptive statistics of the females and females.
Variables Femal Mal
es es
N Minimum Maximum Mean Std: . Minimum Maximum Mean Std: .
deviation deviation
AGE
123 16 45 23.74 536 88 18 43 23.35 4.34
(years)
BH (cm) 123 149 190 163.17  7.64 88 156 190 173.66 7.3
RL 120 23 31 27.38 1.59 83 24 335 29.35 2.15
UL 52 25 31 28.2 1.44 32 26 34 30.44 1.66
HL 120 21 38 29.17 2.94 82 23 39 31.13 3.58
CL 112 8.6 21 14.15 2.72 74 9 22 15.32 3.49
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Table 3 Comparison of difference of variable in females and males of right upper extremity.
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Variables Paired differences T Df Sig. .
(cm) (2-tailed)
95% Confidence interval of the
Mean Std. Std. error Low::nce Ubper
deviation mean PP
BH (F)-BH (M)  -14.01 3.77 0.4 -14.81 -13.21 -3485 87 0
RL(F)- RL(M) -2.32 2.05 0.23 -2.77 -1.87 -10.21 80 0
UL (F)-UL (M)  -2.36 2.06 0.57 -3.6 -1.12 -4.14 12 0.001
HL(F)-HL(M) -2.65 42 0.47 -3.59 -1.72 -5.66 79 0
CL (F)-CL (M) -0.84 422 0.52 -1.87 0.19 -1.63 66 0.107

The correlation coefficient between BH and the right upper
extremities dimensions (RL, UL, HL and LC) in the study population
was found to be statistically significant and positive, indicating a
strong relationship between BH and right upper extremity dimensions,
but there was no significant correlation between BH and CL. The
highest positive correlation was observed in UL, r= 0.822 while the
least was observe in HL r=0.393 (Table 4). For the females, the least
significant correlation was observed in the CL, r =-0.245 while the
highest value was obtained in UL r=0.713. In the male population,

significant and positive correlation was recorded between BH and
right upper extremity segments. The least significant correlation was
observed in HL, r = 0.257 while the highest was observed in UL, r=
0.713 (Table 4).

The Constant, Regression coefficient and Variation explained
(R?) derived for each of the right upper extremity measurements with
BH are shown in Table 5 for the overall population and Table 6 for
females and males.

Table 4 Pearson correlation between BH with right upper extremity dimensions in the overall population.

Variables

(cm) Overall population Female Males
N Pearson Sig. N Pearson Sig. N Pearson Sig.
correlation (2-tailed) correlation (2-tailed) correlation (2-tailed)
RL 203 0.635% 0 120 0.438%* 0 83 0.608%* 0
UL 84 0.8227%* 0 52 0.713** 0 32 0.713** 0
HL 202 0.393% 0 120 0.322%* 0 82 0.257* 0.02
CL 186  0.004 0.953 112 -0.245%* 0.009 74 0.038 0.751

**Correlation is Significant at the 0.01 Level (2-tailed).
*Correlation is Significant at the 0.05 Level (2-tailed).

Table 5 Constant, regression coefficient and variation explained (R?) of right upper extremity variables with BH (dependent) variables in overall population.

Variables Constant Regression coefficient R? p value
RL 89.121 2.78 0404 0
UL 61.105 3.604 0676 0
HL 135.845 1.052 0.154 0

Table 6 Constant, regression coefficient and variation explained (R?) of right upper extremity variables with BH (dependent) variables in females and males.

Variables = Females Males
Constant Regression coefficient R? p value Constant Regression coefficient R? p value
RL 104.976 2.126 0.192 0 114.451 2018 0369 0
UL 86.283 2.662 0509 0 85.334 2.882 0509 0
HL 138.551 0.844 0.104 0 157.93 0.5 0.066  0.02
CL 173.228 -0.7 0.06 0.009

The values indicate that the constant for the HL was higher than
that for RL, and UL, the regression coefficients were highly significant
indicating that they are contributing for the prediction of BH. The
variation explained (R*x100) showed that it ranges from 15.4% to 67.6
% in the overall population. The best prediction power is observed in

UL in the study population. For the females the variation explained
ranged from 5.9% to 50.9%, with the UL having the best predict
power while the least goes for the CL. In the males, the variation
explained ranged from 6.6% to 50.9%, with the UL having the highest
prediction power while the HL contributed the least to the variation
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explained. The Regression coefficient for the CL was not significant
in the overall population as well as in the males but was significant in
the females. This means that the CL did not contribute to the variation
explained in the overall population and males but contributed to that
of the females, i.e. R* X 100 equals 6%. (Tables 7 & 8) represent the
values for R?, Adjusted R?, and SEE of the right upper extremities
variables in the overall population, females and males respectively.
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Table 7 R adjusted R? and SEE of right upper extremities variables in overall
population.

Variables R R? Adjusted R? SEE

RL 0.635 0404  0.40I 7.032
UL 0822 0676 0672 4.693
HL 0.393 0.154 0.5 8.277

Table 8 R? adjusted R? and SEE of right upper extremities variables in females and males.

Variables Females Males

R R? Adjusted R? SEE R R? Adjusted R? SEE
RL 0.438 0.192 0.185 6.964 0.608 0.369 0.361 5.701
UL 0.713 0.509 0.499 3.799 0.713 0.509 0.492 4778
HL 0.322 0.104 0.096 7.334 0.257 0.066 0.054 6.779
CL 0.245 0.06 0.052 7.572

The best simple linear regression model was developed using UL
and this has the highest values for the coefficient of determination R?
as 0.676, R*, giustea A8 0.672 and multiple correlation coefficient R as
0.822 in the overall population. In the females, the best simple linear
regression model was developed using UL and this has highest values
for the coefficient of determination R* as 0.509, R?, giusted 35 0.499 and
multiple correlation coefficient R as 0.713 with a 3.7993 SEE. In the
males, the best simple linear regression model was developed using
UL and this has highest values for the coefficient of determination R?
as 0.509, R? Adjusted as 0.492 and multiple correlation coefficient
R as 0.713 with a 4.7782 SEE. The best simple equation developed
for the overall population, females and males respectively are:
BH,_ i poputaion—01-105+3.604(UL), BH, = 86.283+2.662(UL) and

aie—85.334+2.882(UL). BH could also be estimated using other
dimension of the right upper extremity, the regression equations
generated are also in (Tables 8-10).

Table 9 Regression equations for estimation of BH in the overall population
using right upper extremity measurements.

Regression equation *SEE
BH =89.121+2.780(RL) 7.032
BH =61.105+3.604(UL) 4.693
BH =135.845+1.052(HL) 8.277

Table 10 Regression equations for estimation of BH in females using right
upper extremity measurements.

Regression equation Regression equation

(Female) *SEE (Male) *SEE
BH 6964 BH=114451+2018RL) 5701
=104976+2.126(RL) & ASI+2018(RL) 5.
BH .

Ceeamaeeuy 17 BHSSIM2EL) 4778
BH )

D lessisosuuy TS BHEISTS3010500(HL) 6778
BH =173.228 -

0.70(CL) 7572

The mean predicted value of BH through the regression function
was similar to the mean observed value; however the minimum and

maximum value indicated that there were differences in the predicted
and observed value; the minimum predicted value overestimates the
minimum observed value in the overall population, females and males
while the maximum predicted value underestimates the maximum
observed value in the overall population, females as well as in the
males (Tables 11 &12).

Table I 1 Minimum, maximum, mean and standard deviations of the predicted
values of BH by regression functions with right upper extremity variables in
the overall population.

Minimum Maximum Mean Std: .
deviation
Observed 4 190 16755 9.1 201
value
RL 153.06 182.24 167.46 5.77 203
UL 151.21 183.64 165.82 6.74 84
HL 157.93 176.86 167.36 3.52 202
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Table 12 Minimum, maximum, mean and standard deviations of the predicted values of BH by regression functions with right upper extremity variables in

females and males.

Variables Females Males
.. . Std. .. . Std.
Minimum Maximum Mean .. Minimum Maximum Mean " N
deviation deviation
ObservedValue 149 190 163.17 7.64 123 156 190 173.66 7.3 88
RL 153.87 170.87 163.17 3.38 120  162.8783 182.05 173.67 434 83
UL 152.84 168.81 161.37 3.83 52 160.2648 183.32 173.06 4.78 32
HL 156.28 170.63 163.17  2.48 120 169.4222 177.42 173.48 1.79 82
CL 158.5 167.2 163.3 1.91 112
Discussion findings. This finding is in agreement with the present study because

Close relationships exist between BH and dimensions of various
body parts and the subsequent results are frequently applied in medico-
legal investigation. In this study an attempt was made to establish
BH using dimensions from long bones of the upper body extremity
segments. Four right upper extremity measurements including BH
of the subjects were measured. The prediction function was derived
through linear regressions for each of the measurement with BH, for the
overall population and for females and males separately. In this study,
the mean BH and age for the population under study is 167.55+9.00cm
and 23.584+4.95years respectively. While the minimum and maximum
BH is 149.00 cm and 190.00 cm respectively. The mean BH and age
for the female and male subjects are 163.17+7.64cm, 23.74+5.36 years
and 173.66+7.30cm and 23.35+4.34 years respectively. In sexing the
upper extremity parameters, all the variables were highly significant
(P< 0.0001) in most cases except the CL. These values were higher
in the males than in the females. This agrees with most biological
measurements for example: osteometry'®!"” Somatometry;®!1420-24
Cephalometry/Cephalofacial.*** Distinct sexual dimorphisms have
been reported in ulna measurements by many authors,**3 ours study
also considered UL and noted distinct sexual dimorphisms.*® In their
study investigated the use of height to ulna ratio measurement (height/
ulna) in the estimation of stature and observed sexual dimorphisms.
Estimation of stature and determination of sex from radial and ulnar
bone lengths in Turkish corpses has been reported by’ the sample
composed of 80 males and 47 females with an average age of 36
and 30years respectively. Lengths measurements from the radius
and ulna were obtained by exposing the epiphyseal ends in fashion
similar to dry long bones. Discriminant function statistics indicated
sex determination accuracy as high as 96% while regression analysis
was used in stature estimation from the two bones.

Conclusively, the authors noted that in the absence of pelvis, sex
could be determined from long bones and cranium as they have high
accuracy in sexing. A number of authors have investigated stature
estimation based on measurements of the ulna and other bones of
upper limb'*¥4" and regression equations were generated; such
generated equations must be population specific.! In their study
estimated stature from upper extremity. The purpose of their study
was to analyze the anthropometric relationships between dimensions
of the upper extremity and BH. In their study of Turks residing in
Istanbul, Turkey, 202 middle class males and 108 middle class females
were sampled and variables such as hand length, forearm length and
upper arm length were measured for analyses. They suggested that
the estimation of a living stature could be made using the various
dimensions of the upper limb while also stipulating that differences
between populations must be considered before the application of their

regression equations have been generated for the study population.
BH estimation based on UL in this study has SEE between 4.69-
4.69 for the overall population, females and males while that of the
other long bones (HL, RL and CL) of the upper extremity is between
5.70-8.28. This is however not similar to the standard errors of the
estimations reported in several studies.

For example, the standard errors of estimation from the formulae
that*> devised for several ethnic groups (whites, blacks, Mongoloids
and Mexicans) based on humerus, radius, and ulna lengths were quite
similar (approximately 4-4.8cm). This may not be expected in our
study due to ethnic variation and environmental factors. In another
study by,* arm span was found to show the highest correlation with
standing height. In the study, a cross sectional study was conducted
to develop equations using several anthropometric measurements
for estimating stature in Malaysian Elderly. The study used a total
of 100 adults (aged 30-49years) and 100 elderly subjects (aged
60—86years) from three major ethnic groups of Malays, Chinese and
Indians. Anthropometric variables utilized were body weight, height,
arm span, half arm span, demi span and knee height. Although our
study did not measure upper extremity spans; however the highest
correlation was observed s in UL and this may not agree with the
finding of,* because correlation between arm span and stature has
been reported to vary in different ethnic groups*#> The differential
correlations may also arise due to different lengths of subsets of bones
that constitute the arm span.

Mall G et al.,” Investigated the determination of sex and
estimation of stature from the long bones of the arm. The bones to
be measured were prepared by mechanically removing soft tissues,
tendons and ligaments. The study utilized a total of 143 individuals
compromising of 64 males and 79 females who were sampled for
variables including humeral length, vertical humeral head diameter,
humeral epicondylar width, ulnar length, proximal ulnar width, distal
ulnar width, radial length, radial head diameter, distal radial width.
Their study revealed a significant difference between the means in
males and females. Discriminant analysis had good results. Also
the study showed that the linear regression analysis for correlation
between bone lengths and stature led to unsatisfactory results with
large 95% confidence intervals for the coefficient and high standard
errors of estimate. The long bones in our study yielded satisfactory
result with low SEE. The estimation of stature is a very important step
in developing biological profile for forensic identification***” because
of this, the regression equations obtained in our study were checked
for accuracy by comparing the estimated/predicted value of BH with
the actual/observe BH. The results obtained were comparable.
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Conclusion

This study has revealed that the UL in the overall population,
females or males is the best upper extremity bone length that predicts
the BH of the Igbos. Thus it is a veritable tool in forensic anthropology
for estimation of BH and degree of sexual dimorphism.

Acknowledgments

The authors would like to thank the participants of this study for
providing themselves for the measurements.

Conflicts of interest

The author declares that there are no conflicts of interest.

References

1. Butler MG, Hynas JL, Meaney FJ. Anthropometric study with emphasis
on hand and foot measurements in the Prader—Willi syndrome: gender,
age and chromosome effects. Clin Genet. 1991;39(1):39-47.

2. Liu KM, Shinoda K, Akiyoshi T, et al. Longitudinal analysis of
adolescent growth of foot length and stature of children living in Ogi area
of Japan: a 12 years data. Zeits Morphol Anthropol. 1998;82(1):87-101.

3. Sas TCJ, Gerver WIM, de Bruin R, et al. Body proportions during
long—term growth hormone treatment in girls with Turner syndrome
participating in a randomized dose—response trait. J Clin Endocr Metab.
1999;84(12):4622-4628.

4. Hintz RL. Final height prediction in constitional growth delay. J Pediatr
Endocr Met. 2001;14(suppl 6):1535-1540.

5. Baduka P, Nath S. Estimation of bones length and stature using
fragmentary measures of humerus bones. Ind J Forensic Sc.
1989;3:23-25.

6. Baduka P, Nath S. Use the regression analysis in reconstruction of
maximum bone lengths and living stature from fragmentary measures in
ulna. Forensic Sc Int. 1990;45(1-2):15-26.

7. Parikh CK. Textbook of Medical Jurisprudence and Toxicology, 6th ed.
CBS Publishers. 2002;2(2):231-232 p.

8. Jervas E, Ikechukwu Patrick AC, Chinedu AF, et al. Stature estimation
using right digits and palm length in IGBO population Nigeria. Ann
Bioanthropol. 2014;2(1):23-28.

9. Buchanan KM, Pugh JC. Land and people in Nigeria: the human
geography of Nigeria and its environmental background. University of
London Press. 1955;252 p.

10. Nwachuku LA, UzoigweG N, Gloria Ifeoma Chuku, et al. Troubled
Journey: Nigeria since the Civil War. University Press of America,
USA. 2004;368 p.

11. Nzimiro IK. Studies in Igho Political systems (Chiefiancy and Politics
in four Niger States). University of California Press, London, UK.
1972;344 p.

12. Onwuka. Nigeria Peoples and Cultures: Historical and Socio—Structural
perspectives. Echrisi & Company Nigeria. 2002;23 p.

13. Ogbaa K. Igbo Heritage Library of African Peoples. Rosen Publishing
Group. New York, USA. 1995.

14. Ekezie J, Anibeze CIP, Anyanwu GE, et al. Prediction of Stature from
Somatometry of the Left Hand in Igbos, Nigeria. J Forensic Res.
2015;S1:2-5.

15. Lohman TG, Roche AF, Martorell R. Anthropometric Standardization
reference manual. Human Kinetics. USA. 1988.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Copyright:
©2015 Ekezie etal. 180

Martin AD, Carter JEL, Hendy KC, et al. Segment lengths. In: Lohman
TG, editors. Anthropometric standardization reference manual. Human
Kinetics, Champaign, USA. 1988;9-26 p.

Keith LM, Arthur FD, Argur Anne M. Clinically Orientated Anatomy,
6th ed. Lippincott Williams & Wilkins, USA. 2010;474 p.

Kranioti EF, Tzanakis N. Estimation of sex from the upper limb in
Modern Cretans with the aid of ROC— Analysis: A technical report.
Forensic Res Criminol Int J. 2015;1(2):1-7.

Mall G, Hubig M, Butter A, et al. Sex determination and estimation
of stature from the long bones of the arm. Forensic Sci Int.
2001;117(1-2):23-30.

Danborno B, Adebisi SS, Adelaiye AB, et al. Estimation of Height and
weight from the Lengths of Second and Fourth Digits in Nigerians. /nter
J Forensic Sci. 2008;3(2).

Bob-Manuel IF, Didia C. Sexual Dimorphism In Foot Dimensions
Among Adult Nigerians. The Internet J of Biol Anthropol. 2009;3(1).

Patel SM, Sha VG, Patel SV. Estimation of height from measurement of
foot length in Gujarat region. J Ant Soc India. 2007;56(1):25-27.

Kanchan T, Menezes RG, Moudgil R, et al. Stature estimation from foot
dimension. Forensic Sc Int. 2008;179(2):241.e1-241.e5.

Krishan K, Kanchan T, Sharma A. Sex Determination from Hand
and Foot Dimensions in a North Indian Population. J Forensic Sci.
2011;56(2):453-459.

Patil KR, Mody RN. Determination of sex by discriminant function
analysis and stature by regression analysis: a lateral cephalometric study.
Forensic Sci Int. 2005;147(2-3):175-180.

Krishan K, Kumar R. Determination of stature from cephalo—facial
dimensions in a North Indian population. Leg Med. 2007;9(3):128-133.

Jibon kumar, Lilin Chandra. Estimation of stature using different
facial measurements among the kabun Naga of Impal Valley, Manipur.
Anthropology. 2006;8(1):1-3.

Ilayperuma 1. On the prediction of persons stature from cranial
dimensions. /nt J Morphol. 2010;28(4):1135-1140.

Sahni D, Sanjeev Sharma P, Harjeet Kaur G, et al. Estimation of stature
from facial measurements in northwest Indians. Leg Med (Tokyo).
2010;12(1):23-27.

Cowal LS, Pastor RF. Dimensional variation in the proximal ulna:
Evaluation of a metric method for sex assessment. Am J Phys Anthropol.
2008;135(4):469-478.

Barrier IL, L Abbé EN. Sex determination from the radius and ulna in
a modern South African sample. Forensic Sci Int. 2008;179(1):85-87.

Grant WE, Jantz R. The estimation of sex from the proximal ulna. Paper
presented at the 55th Annual Meetings of the American Academy of
Forensic Sciences, Chicago, USA. 2003.

Purkait R. Measurements of ulna—a new method for determination of
sex. J Forensic Sci. 2001;46(4):924-927.

Introna F Jr, Dragone M, Frassanito P, et al. Determination of skeletal
sex using discriminant analysis of ulnar measurements. Boll Soc Ital
Biol Sper. 1993;69(9):517-523.

Singh S, Singh G, Singh SP. Identification of sex from the ulna. Indian J
Med Res. 1974;62(5):731-735.

Ebite LE, Ozoko TC, Eweka AO, et al. Height: Ulna Ratio: A Method
of Stature Estimation In A Rural Community in Edo State, Nigeria. The
Internet Journal of Forensic Science. 2007;3(1).

Citation: Ekezie ], Anibeze CIP, Uloneme GC, et al. Somatometric evalution of long bones of the upper extrimity: a forensic tool. Forensic Res Criminol Int J.

2015;1(5):175-181. DOI: 10.15406/frcij.2015.01.00029


https://doi.org/10.15406/frcij.2015.01.00029
http://www.ncbi.nlm.nih.gov/pubmed/1997214
http://www.ncbi.nlm.nih.gov/pubmed/1997214
http://www.ncbi.nlm.nih.gov/pubmed/1997214
http://www.ncbi.nlm.nih.gov/pubmed/9850633
http://www.ncbi.nlm.nih.gov/pubmed/9850633
http://www.ncbi.nlm.nih.gov/pubmed/9850633
http://www.ncbi.nlm.nih.gov/pubmed/10599729
http://www.ncbi.nlm.nih.gov/pubmed/10599729
http://www.ncbi.nlm.nih.gov/pubmed/10599729
http://www.ncbi.nlm.nih.gov/pubmed/10599729
http://www.ncbi.nlm.nih.gov/pubmed/11837511
http://www.ncbi.nlm.nih.gov/pubmed/11837511
http://www.ncbi.nlm.nih.gov/pubmed/2335329
http://www.ncbi.nlm.nih.gov/pubmed/2335329
http://www.ncbi.nlm.nih.gov/pubmed/2335329
http://catalogue.nla.gov.au/Record/2446690
http://catalogue.nla.gov.au/Record/2446690
http://catalogue.nla.gov.au/Record/2446690
https://rowman.com/ISBN/9780761827122/Troubled-Journey-Nigeria-Since-the-Civil-War
https://rowman.com/ISBN/9780761827122/Troubled-Journey-Nigeria-Since-the-Civil-War
https://rowman.com/ISBN/9780761827122/Troubled-Journey-Nigeria-Since-the-Civil-War
https://searchworks.stanford.edu/view/8795750
https://searchworks.stanford.edu/view/8795750
https://pdfs.semanticscholar.org/bdb8/48d1da14b2bc64c0e7a0ace92b98f0270d15.pdf?_ga=2.64334124.2028434001.1563354599-1645436035.1535089464
https://pdfs.semanticscholar.org/bdb8/48d1da14b2bc64c0e7a0ace92b98f0270d15.pdf?_ga=2.64334124.2028434001.1563354599-1645436035.1535089464
https://pdfs.semanticscholar.org/bdb8/48d1da14b2bc64c0e7a0ace92b98f0270d15.pdf?_ga=2.64334124.2028434001.1563354599-1645436035.1535089464
http://www.worldcat.org/title/anthropometric-standardization-reference-manual/oclc/15592588
http://www.worldcat.org/title/anthropometric-standardization-reference-manual/oclc/15592588
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2766067/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2766067/
http://medcraveonline.com/FRCIJ/FRCIJ-01-00008.pdf
http://medcraveonline.com/FRCIJ/FRCIJ-01-00008.pdf
http://medcraveonline.com/FRCIJ/FRCIJ-01-00008.pdf
http://www.ncbi.nlm.nih.gov/pubmed/11230943
http://www.ncbi.nlm.nih.gov/pubmed/11230943
http://www.ncbi.nlm.nih.gov/pubmed/11230943
http://ispub.com/IJFS/3/2/7429
http://ispub.com/IJFS/3/2/7429
http://ispub.com/IJFS/3/2/7429
http://ispub.com/IJBA/3/1/3768
http://ispub.com/IJBA/3/1/3768
http://medind.nic.in/jae/t07/i1/jaet07i1p25.pdf
http://medind.nic.in/jae/t07/i1/jaet07i1p25.pdf
http://www.ncbi.nlm.nih.gov/pubmed/18603388
http://www.ncbi.nlm.nih.gov/pubmed/18603388
http://www.ncbi.nlm.nih.gov/pubmed/21281308
http://www.ncbi.nlm.nih.gov/pubmed/21281308
http://www.ncbi.nlm.nih.gov/pubmed/21281308
http://www.ncbi.nlm.nih.gov/pubmed/15567623
http://www.ncbi.nlm.nih.gov/pubmed/15567623
http://www.ncbi.nlm.nih.gov/pubmed/15567623
http://www.ncbi.nlm.nih.gov/pubmed/17306595
http://www.ncbi.nlm.nih.gov/pubmed/17306595
https://www.tandfonline.com/doi/abs/10.1080/09720073.2006.11890926
https://www.tandfonline.com/doi/abs/10.1080/09720073.2006.11890926
https://www.tandfonline.com/doi/abs/10.1080/09720073.2006.11890926
http://www.scielo.cl/pdf/ijmorphol/v28n4/art24.pdf
http://www.scielo.cl/pdf/ijmorphol/v28n4/art24.pdf
http://www.ncbi.nlm.nih.gov/pubmed/20005144
http://www.ncbi.nlm.nih.gov/pubmed/20005144
http://www.ncbi.nlm.nih.gov/pubmed/20005144
http://www.ncbi.nlm.nih.gov/pubmed/18186505
http://www.ncbi.nlm.nih.gov/pubmed/18186505
http://www.ncbi.nlm.nih.gov/pubmed/18186505
http://www.ncbi.nlm.nih.gov/pubmed/18511225
http://www.ncbi.nlm.nih.gov/pubmed/18511225
http://www.ncbi.nlm.nih.gov/pubmed/11451080
http://www.ncbi.nlm.nih.gov/pubmed/11451080
http://www.ncbi.nlm.nih.gov/pubmed/8155309
http://www.ncbi.nlm.nih.gov/pubmed/8155309
http://www.ncbi.nlm.nih.gov/pubmed/8155309
http://www.ncbi.nlm.nih.gov/pubmed/4435885
http://www.ncbi.nlm.nih.gov/pubmed/4435885
http://ispub.com/IJFS/3/1/10500
http://ispub.com/IJFS/3/1/10500
http://ispub.com/IJFS/3/1/10500

ISomatometric evalution of long bones of the upper extrimity: a forensic tool

37.

38.

39.

40.

41.

42.

Celbis O, Agritmis H. Estimation of stature and determination of sex
from radial and ulnar bone in Turkish corpse sample. Forensic Sci Inter.
2006;158(2-3):135-139.

Rao S, Joshi S, Kanade A. Growth in some physical dimensions in
relation to adolescent growth spurt among rural Indian children. 4nn
Hum Biol. 2000;27(2):127-138.

Abdel-Malek AK, Ahmed AM, el-Sharkawi SA, et al. Prediction of
stature from hand measurements. Forensic Sci Int. 1990;46(3):181-187.

Ozaslan A, Kog S, Ozaslan I, et al. Estimation of stature from upper
extremity. Mil Med. 2006;171(4):288-291.

Trotter M, Gleser GC. Estimation of Stature from Long Bones of American
Whites and Negroes. Am J Phys Anthropol. 1952;10(4):463-514.

Shahar S, Pooy NS. Predictive equations for estimation of stature in
Malaysian elderly people. Asia Pac J Clin Nutr. 2003;12(1):80-84.

43.

44,

45.

46.

47.

Copyright:

©2015 Ekezie etal. 181

Steele MF, Chenier TC. Arm-span, height, and age in black and white
women. Ann Hum Biol. 1990;17(6):533-541.

Reeves SL, Varakamin C, Henry CJ. The relationship between arm—span
measurement and height with special reference to gender and ethnicity.
Eur J Clin Nutr. 1996;50(6):398-400.

Brown JK, Whittemore KT, Knapp TR Is arm span an accurate
measure of height in young and middle—aged adults? Clin Nurs Res.
2000;9(1):84-94.

Mahakkanukrauh P, Khanpetch P, Prasitwattanseree S, et al. Stature
estimation from long bone lengths in a Thai population. Forensic Sci
Interl. 2010;210(1-3):279.¢1-279.¢7.

Ekezie J. Foot Anthropometry: A Forensic and Prosthetic Application.
Int J Sci Res. 2015;4(6):738-746.

Citation: Ekezie ], Anibeze CIP, Uloneme GC, et al. Somatometric evalution of long bones of the upper extrimity: a forensic tool. Forensic Res Criminol Int J.
2015;1(5):175-181.DOI: 10.15406/frcij.2015.01.00029


https://doi.org/10.15406/frcij.2015.01.00029
http://www.ncbi.nlm.nih.gov/pubmed/15990262
http://www.ncbi.nlm.nih.gov/pubmed/15990262
http://www.ncbi.nlm.nih.gov/pubmed/15990262
http://www.ncbi.nlm.nih.gov/pubmed/10768418
http://www.ncbi.nlm.nih.gov/pubmed/10768418
http://www.ncbi.nlm.nih.gov/pubmed/10768418
http://www.ncbi.nlm.nih.gov/pubmed/2376360
http://www.ncbi.nlm.nih.gov/pubmed/2376360
http://www.ncbi.nlm.nih.gov/pubmed/16673740
http://www.ncbi.nlm.nih.gov/pubmed/16673740
http://www.ncbi.nlm.nih.gov/pubmed/13007782
http://www.ncbi.nlm.nih.gov/pubmed/13007782
http://www.ncbi.nlm.nih.gov/pubmed/12737015
http://www.ncbi.nlm.nih.gov/pubmed/12737015
http://www.ncbi.nlm.nih.gov/pubmed/2281945
http://www.ncbi.nlm.nih.gov/pubmed/2281945
http://www.ncbi.nlm.nih.gov/pubmed/8793422
http://www.ncbi.nlm.nih.gov/pubmed/8793422
http://www.ncbi.nlm.nih.gov/pubmed/8793422
http://www.ncbi.nlm.nih.gov/pubmed/11271050
http://www.ncbi.nlm.nih.gov/pubmed/11271050
http://www.ncbi.nlm.nih.gov/pubmed/11271050
http://www.ncbi.nlm.nih.gov/pubmed/21616616
http://www.ncbi.nlm.nih.gov/pubmed/21616616
http://www.ncbi.nlm.nih.gov/pubmed/21616616
http://www.ijsr.net/archive/v4i6/SUB155220.pdf
http://www.ijsr.net/archive/v4i6/SUB155220.pdf

	Title
	Abstract 
	Keywords
	Abbreviations 
	Introduction
	Materials and method 
	Study location 
	Demographics 
	Exclusion criteria 
	Inclusion criteria 
	Anthropometrics 
	Body height (BH)
	Humeral length (HL) 
	Ulna length (UL) 
	Radial length (RL) 
	Clavicular length (CL) 

	Stastical analysis 

	Results 
	Discussion 
	Conclusion 
	Acknowledgments 
	Conflicts of interest 
	References 
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6
	Table 7
	Table 8 
	Table 9
	Table 10
	Table 11
	Table 12 

