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Abstract 
Estimation of stature is very important in establishing individuality of people and when bodies are 
found in mutilated or fragmented state. The study aimed at estimating stature from upper limb, lower 
limb and other anthropometric parameters in adolescents attending secondary schools in Samaru 
Zaria Kaduna state, Nigeria. Three hundred and seventy-seven (377) subjects; male (n=210) and 
female (n=167), aged 11 - 20 years Nigerians were recruited for this study. The anthropometric 
parameters considered for upper limbs were: height, clavicle length, arm length, mid-arm 
circumference, forearm length, mid-forearm circumference, hand length and hand breath and those for 
lower limbs were: femoral length, mid-thigh circumference, leg length, mid-leg circumference, foot 
length, and foot breadth and the parameters for other Anthropometric variables were weight, waist 
circumference and hip circumference using standard measuring instruments. The data were analyzed 
using SPSS version 20 and linear regression models were used to estimate stature. Pearson’s 
correlation (r), was used to analyze relationship between stature and Anthropometric variables, and 
multiple linear regression (r2) analysis for stature estimation from the studied variables. Analysis of 
data revealed remarkable (p<0.001) correlation between stature and Anthropometric variables. The 
correlation between height and upper limb parameters showed significant positive correlation with 
height and lower limb parameter showed significant correlation with height except leg length which 
showed negative correlation and was not significant. The regression equation showed that the smallest 
standard error of estimate is 0.11 which is forearm length variable from upper limb parameters, the 
smallest standard error of estimate was 0.03 which was leg length variable from lower limb 
parameters and the smallest standard error was 0.12 which was waist circumference from other 
Anthropometric parameters. In conclusion, the importance of estimation of stature from the different 
body parts especially the limbs cannot be overlooked. The findings of present study indicated that 
upper limbs, lower limbs and other Anthropometric parameters can be used successfully to predict 
stature of an individual. Depending on the choice of the investigator, either formula derived from 
regression models or t-test can be used to reconstruct the stature. 
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Introduction 
Stature is one of the most important and useful Anthropometric parameters that determine 
the physical identity of an individual (Pandhare et al., 2013; Ebeye et al., 2015) and is 
important in medico legal issues (Chiroma , et al., 2015). Dimensional relationship between 
body segments and the whole body has been the focus of scientists, anatomists and 
anthropologist (Damirel and Barut, 2014). Anthropometry is the systematic art of measuring 
and taking observations in humans, including their skeleton, brain or other organs by the 
most reliable means and methods for scientific purpose (Duyar et al., 2006). Stature is a 
unique biological entity in that it can be estimated not only in the living individual, but also 
from a skeleton long after the death of a person (Robbins, 2007; Kanchan et al., 2010; Ebeye 
2012; Kaur et al., 2013). In order to assess height from human remains, an understanding of it 
in a living form is crucial (Khanapurkar and Radke, 2012). Stature has been shown to 
steadily increase from infancy to adulthood and remains stable throughout middle age but 
decrease with old age (Ibegbu et al., 2014). Due to the variability in height, various 
approaches to study of human growth and development have evolved (Krishnan and 
Sharma 2007; Danborno and Adebisi 2009; Matheswaran and Vallabhajosyula, 2014). These 
methods may be theoretical, non-theoretical, descriptive or quantitative. Data on growth 
and development obtained on a human population sample can be used to derive standard 
references for parameters such as height, and it is noted that variations on these 
anthropometric parameters occur in different populations (Mansur et al., 2012; Jitendra et al., 
2014; Satosh et al., 2014). Stature reflects the nutritional, genetic and disease patterns an 
individual experiences and can also be used in calculating body surface area and assessment 
of pulmonary function of children (Gauld and Rakhir, 2004). Measurement of height is 
important for determination of basic energy requirement, standardization and measures of 
physical capacity and also for adjusting drugs dosage (Bidmos, 2009). Human stature being 
a polygenic trait is found to be affected by genetic, environmental, biological, and 
geographical factors (Bridge et al., 2018). 
 
Among the various parameters used for identification of individual, stature is an inherent 
characteristic, the estimate of which is considered to be important in cases where only 
fragmentary, mutilated remains or amputated limbs of an unknown person are only 
recovered, with no obvious significance of personal identification in the events of murders, 
accidents or natural disasters (Agrawal et al., 2013). Relationship is observed to occur 
between fingers length and the height (Agrawal et al., 2013; Matheswaran and 
Vallabhajosyula, 2014). 
 
Foot anthropometry is also used in the estimation of stature, determination of sex and age, 
because of their strong correlation (Khan and Moorthy, 2013) and the foot outline can be 
used to determine the individual involvement in a crime when scientifically analyzed, 
thereby playing significant role in forensic medicine and forensic anthropology (Damirel 
and Barut, 2014). Result of Khan and Moorthy, (2013) investigation provided regression 
equations for stature estimation from foot outline measurements. These estimates are also of 
prime importance in predicting age related gain in stature, identifying individuals with 
growth abnormalities and skeletal dysplasia or height loss caused by surgical procedures on 
the spine (Gocha et al., 2013). Study conducted by Bridge et al., (2018) on the forearm and leg 
bones demonstrated statistically significant correlations with stature, they stated that in the 
absence of the tibia the femur could be used to estimate stature. Aliyu et al., (2017) in their 
study found the foot (L) length of Hausa males in Zaria to be 26.03±1.63cm and that of the 
females to be 24.36±1.27cm and the stature was found to show strong correlation with the 
foot length. Estimating stature from fragmented bone is difficult and therefore, regression 
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equations that allow stature estimation from partial measurements of the long bones are 
required (Bridge et al., 2018).   
 
In a study conducted by Lee et al. (2015) all measurements in both sexes showed that males 
were having greater mean values with a significant statistical difference, except for foot 
index and they observed the existence of significant positive correlation between all 
measures and stature in females except for foot index, they also observed significant positive 
correlation between all variables measured except the foot breadth. Various studies had 
indicated that anthropometric parameters of the upper extremity were reliable to estimate 
individual height (Krishnan, 2008). However, lower limb measurements have more direct 
correlation with stature than upper limbs (Ahmed, 2013). Based only on foot length better 
predictability is seen than based on foot breadth (Jee et al., 2017). In the study by Jee et al. 
(2017) on hand dimensions and stature of Saudi Arabian population they observed that it 
was statistically larger in males than in females.  
 
Materials and Methods 
The study was carried out in Bomo Government Science School and Confidence 
International Secondary School in Samaru Zaria Kaduna State, Nigeria. Questionaires were 
administered to the subjects consisting of 377 students (adolescents) both male and female, 
from Bomo Government Science Secondary School (males 110 and females 91) and 
Confidence International Secondary School (males 91 and females 85). Materials used in this 
study included stadiometer, for measurement of height, weighing balance for measurement 
of weight, calibrated elastic tape rule was used for measuring the waist circumference (cm), 
Hip circumference(cm). The standing height was measured to the nearest centimeters (cm) 
using a stadiometer with subject standing erect on a horizontal resting plane bare footed 
having the finger pointing downward with the palms of the hands turned inward and with 
the horizontal Frankfort plane the femoral length (cm), mid-thigh circumference (cm), leg 
length (cm), mid-leg circumference (cm), foot length (cm), foot breadth (cm) and height (m). 
The Anthropometric parameters were measured using elastic tape rule at their appropriate 
length using Frankfort plane. Male and female between the ages of 11 years and 20 years, 
without any known physical or mental deformity were used. Data were expressed as Mean 
± SD and considered to be significant at P < 0.05 using Statistical Package for Social Sciences 
(SPSS) Version 20 software. The differences in mean of two independent samples were 
compared using independent T test, the Pearson correlation values were gotten and 
regression formula was used.     

Results       
Table 1, showed the mean and standard deviation of the variables studied in which height 
has the highest mean value of 159.40 cm and hand breadth was seen to have lowest mean 
value of 10.84 cm. Leg length had the highest standard deviation of 23.85 cm while, foot 
breadth was observed to have lowest standard deviation of 1.40 cm. 
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Table 1: Means of Anthropometric Parameters of the study Population 

 
n=377 and SD=Standard deviation. 

 
 
Table 2, displays the relationship between stature and anthropometric variables of study 
population in schools which showed significant positive correlation between height and the 
upper limb parameters, it was also observed that there was significant positive correlation 
between height and the lower limb parameters except, the leg length which showed 
negative correlation with height and thereby having insignificant correlation with where 
r = - 0.03 and p – value of 0.62.  
 

Parameters Mean ± SD Minimum Maximum 

Clavicular length (cm) 
 

16.79±2.38 5.50 22.60 

Arm length (cm) 31.03±4.10 13.50 45.00 

Mid-arm circumference (cm) 24.28±3.94 16.10 38.50 

Forearm length (cm) 27.76±4.83 3.50 53.00 

Mid-forearm circumference (cm) 
 

 
21.90±3.83 
 

 
12.00 

 
39.00 

Hand length (cm) 19.67±2.66 11.50 46.00 

Hand breadth (cm) 10.84±1.99 6.50 19.00 

Femoral length (cm) 43.09±6.17 26.20 69.00 

Mid-thigh circumference (cm) 41.82±6.91 0.00 56.00 

Leg length (cm) 52.04±23.85 5.00 107.00 

Mid-leg circumference (cm) 31.16±4.87 10.50 50.00 

Foot length (cm) 24.52±3.20 2.00 49.00 

Foot breadth (cm) 12.55±1.40 8.00 17.00 

Height (m) 159.40±11.68 110.00 196.00 

Weight (kg) 49.50±11.03 24.50 85.00 

Waist circumference (cm) 71.34±10.17 12.30 98.00 

Hip circumference (cm) 84.37±11.30 40.00 120.00 
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Table 2: Relationship between stature and anthropometric variables for upper and lower 
limbs (n= 377) 

                                                     

*p < 0.001; CL: Clavicular length; AL: Arm length; MAC: Mid-arm circumference; FAL: 
Forearm length; MFC: Mid-forearm circumference; HL: Hand length; HB: Hand breadth 
(Upper limb variables); FL: Femoral length; MTC: Mid-thigh circumference; LL: Leg length; 
MLC: Mid-leg circumference; FL: Foot length; FB; Foot breadth (Lower limb variables) 

Table 3 displays details of weight, waist circumference, hip circumference and height for the 
adolescents attending Secondary Schools in Samaru Zaria Kaduna state, Nigeria. It was 
observed that the male students had higher weight than the female even though it is not 
statistically significant, however the females were seen to have higher waist and hip 
circumferences than the males but differences were not statistically significant. The result 
showed that height of male students in the study population was higher than that of the 
female counterpart and the difference was statistically significant. 

Table 3. Comparison of other anthropometric parameters in sex (male and female of studied 
population) 

Variables Sex Mean±SD T p-value 

    Weight (kg) Male 49.88±11.34 0.73 0.47 

        
    Female 49.04±10.64 

    Waist circumference 
(cm) 

Male 70.75±10.51 -1.26 0.21 

    Female 72.08±9.72 

    Hip circumference (cm) Male 83.12±11.51 -2.43 0.02 

    Female 85.94±10.86 

    Height (m) Male 161.17±12.26 3.34 0 

    Female 157.18±10.53 

    

         n=210 male; 167 female SD= Standard deviation, and t=independent t-test. 
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Table 4 displays the details of the correlation of the stature from the upper and lower limb 
variables as well as from other anthropometric parameters for the adolescents attending 
Secondary Schools in Samaru Zaria Kaduna state, Nigeria.  The variables studied showed 
positive correlation with stature except, leg length and mid-arm circumference that were 
observed to have negative correlation with stature. Clavicular length, Mid-arm 
circumference, 
 
Femoral length, Mid-thigh circumference, Leg length, Foot breath, Weight and Hip 
circumference were observed to be statistically significantly correlated with stature at *p< 
0.001 
 

Table. 4: Estimation of stature (height) from upper limb, lower limb and other 
anthropometric parameters of studied population 

 X y =a+bx (equation) SEE R2 p-value 

Height Clavicular length (cm) H=82.328+1.47(CL) 0.21 0.30 0.00 

 Arm length H=82.328+0.17(AL) 0.14 0.06 0.23 

 Mid-arm circumference (cm) H=82.328+0.79(MAC) 0.15 0.27 0.00 

 Forearm length (cm) H=82.328+0.28(FAL) 0.11 0.12 0.01 
 Mid forearm length (cm) H=82.328+0.18(MFC) 0.18 0.09 0.15 

 Hand length (cm) H=82.328+0.35(HL) 0.21 0.08 0.10 

 hand breath (cm) H=82.328+0.7(HB) 0.29 0.12 0.02 

 Femoral length (cm) H=100.203+0.51(FL) 0.10 0.27 0.00 

 Mid-thigh circumference (cm) H=100.203+0.42(MTC) 0.09 0.25 0.00 

 Leg length (cm) H=100.203+(-0.08)(LL) 0.03 -0.16 0.00 

 Mid -leg circumference (cm) H=100.203+(-0.14)(MLC) 0.14 -0.06 0.30 

 Foot length (cm) H=100.203+0.25(FL) 0.18 0.07 0.15 

 Foot breath (cm) H=100.203+1.78(FB) 0.50 0.21 0.00 

 Weight (kg) H=108.636+0.48(W) 0.45 0.27 0.00 

 Waist 
circumference 
(cm) 

H=108.636+0.13(WC) 0.12 0.25 0.02 

 Hip 
circumference 
(cm) 

H=108.636+0.21(HC) 0.20 -0.16 0.00 

y= Dependent variable, x= Independent variable, SEE= Standard error of estimate, R2 = Regression coefficient, 
H=Height, CL=Clavicular length, AL= Arm length, MAC= Mid-arm circumference, FAL=Forearm length, MFC= 
Mid-forearm circumference, HL= Hand length, and HB= Hand breadth, FL=Femoral length, MTC= Mid-thigh 
circumference, LL= Leg length, MLC= Mid-leg circumference, FL= Foot length, and FB= Foot breadth. W= 
Weight, WC= Waist circumference, and HC= Hip circumference 
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Discussion 
Mid-thigh circumference was found to have the highest correlation value, while foot length 
had least correlation value. These values were in contrast to those obtained by Krishnan and 
Sharma (2007) in a study conducted to examine the relationship between stature and 
dimensions of hands and feet among Rajputs of Himachal Pradesh - a North Indian 
endogamous population, in which they recorded strongest correlation in foot length as the 
best measure of estimating stature. Foot length was observed to have least correlation value 
compared to foot breath, femoral length, leg length and clavicular length in contrast to Patel 
and Shah (2007) who conducted a study based on the measurements of foot length and body 
height (stature) among 502 students between the ages of 17 to 22 years and found that foot-
length showed the highest degree of correlation with height of an individual, even though 
they did not check stature’s correlation with the parameters as considered in this study and 
the sample size could also be responsible for the contrast. 
 
Ozaslan et al. (2003) and Mansur et al. (2012) recorded high correlation in foot length unlike 
the Mid-thigh circumference gotten in this study, this could be due to difference in race and 
age group. In the present study, among the measured parameters from lower limb 
measurements, Mid- thigh circumference (r = 0.41) was found to be the best estimate of 
stature among the lower limb parameter, followed by femoral length. Foot length had the 
least correlation value (r = 0.22) in contrast to study conducted by Aliyu et al. (2017) in which 
they observed that the stature was strongly correlated with foot length. Therefore, stature 
can be reliably estimated in adolescents using Mid-thigh circumference because it correlated 
significantly with stature (0.41, p < 0.05). T- test showed significant sexual dimorphism in 
Foot length and height with males having higher values than females (Males =24.97 and 
161.17, Females = 23.96 and 157.18), this agrees with the reports of Chiroma et al. (2015), 
Aliyu et al. (2017) and Jee et al. (2017). Whereas several studies have been performed to 
estimate the stature from body remains such as extremities, shoulder girdle, vertebral 
column, and cephalofacial measurements in different countries by Krishnan, (2008) and 
Mohanty et al., (2013). The present study showed weight to be having the highest correlation 
value of 0.62 followed by Hip and Waist circumference each having correlation values of 
0.52 and 0.46 respectively. The results of this study provided therefore evidence that stature 
can be estimated in adolescents using weight because it correlated significantly with stature, 
which implies that weight is the best parameter that can be used to estimate stature. 
 
The present study also highlighted significant sexual dimorphism in Hip circumference, 
with the females having higher values. Mid- arm circumference was observed to have the 
highest correlation value (0.54), while hand breadth had least correlation value (0.33). These 
values contradicted the findings of Modibbo et al. (2012) in a study they conducted to 
examine the relationship between stature and dimensions of hands and feet in Hausa 
neonates, where they observed hand breadth to have the highest value. Krishnan and 
Sharma (2007) in a study they conducted to examine the relationship between stature and 
dimensions of hands and feet among Rajputs of Himachal Pradesh - a North Indian 
endogamous population, found that among the upper limb parameters, hand breadth was 
found to be the best estimate of stature. Having mid-arm circumference with the highest 
value could be due to the various factors such as genetic, nutrition, geographical location, 
physical activity and races which have been stated to affects the anthropometric data 
according to Akhlaghi et al. (2012). The study did not show significant sexual dimorphism 
on other parameters except for height, with males having 161.1m and females 157.1m, which 
agreed with the report of Chiroma et al. (2015) in their research on Ga’anda people in 
Adamawa State, Nigeria and also with the report of Aliyu et al. (2017). The present study 
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highlighted a positive correlation between Stature and all upper limb parameters with MAC 
having the strongest correlation with stature, in agreement to the study conducted by 
Ibegbu et al. (2014) 

Conclusion 
Estimation of stature is an important tool to establish identity of a person. The importance of 
estimation of stature from the different body parts especially the limbs cannot be 
overlooked. The findings of present study indicated that upper limb and lower limb and 
other Anthropometric parameters can be used successfully to predict stature of an 
individual. Depending on the choice of investigator, either formula derived from regression 
models or T-test can be used to reconstruct the stature. This study has shown significant 
correlation between stature and dimensions. Also, the regression equation is developed. So 
the Mid-thigh circumference and foot length provided the reliability and accuracy in 
estimating stature with the use of regression equation. Multiple linear regression equations 
were formed which can be used to estimate stature. Therefore, this study will help in 
establishing identity in neonates of adolescents. 
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