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Abstract: Recent development and increase in locally manufactured product demands access to anthropometric data for better design usability of 
products. Therefore, local designers and manufacturers must have an available database to design ergonomically appropriate product for consumers.  
Estimation of various body measurements is important for designing work not only in the industrial but also in-service sectors. The purpose of this study 
was to explore the value of various anthropometric measurements for predicting stature. The anthropometric measurements used are Buttock Height, 
Elbow Wrist Height Standing, Shoulder Height, Upper Arm Length, Lower Arm Length, Eye Height Standing, Full Leg Length, Lower Leg Length, Buttock 
Knee Length and Eye Height Sitting. This study is an attempt to develop a model that will predict the anthropometric measurements of the young men 
between age 18 to 30 in the province of Khyber Pakhtunkhwa, Pakistan. This study is important as there is very little literature available for designing 
work in various medium and small industries located throughout the province, and it will certainly benefit the socio-economic scenario. Multiple 
regression modeling was used in the prediction of stature based on ten independent variables. In this study it was observed that there is a strong 
correlation between the stature and other body dimensions, and models can be developed to predict various anthropometric measurements. 
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1. INTRODUCTION 
Estimation of any anthropometric measurement is helpful in 
the overall prediction of other body dimensions.  
Anthropometry is the area of science that deals with human 
body measurements: measurements of body dimensions, 
shape, strength and working capacity [1, 2]. While 
according to another definition anthropometry is ‗‗the 
science of measurement and the art of application that 
establishes the physical geometry, mass properties, and 
strength capabilities of the human body‖ [3, 4], this is 
necessary for the designing of products or design of work. 
The physical characteristics of target users [5] and  their 
needs are required to be taken into consideration for 
allowing the workers to use effortlessly the products that 
are designed or could move easily in the workplaces 
according to their bodies' dimensions [6]. The human profile 
of a country is incomplete without the anthropometric 
measurement of its citizens. The data helps the countries in 
designing industrial products, sports and medical 
equipment [7, 8]. In collecting the anthropometric data, 
some of the considerations are  sex, race, and age, and 
anthropometric measurements are stature [9] and body 
composition [10].  The stature includes the measurement of 
leg dimensions, pelvis, vertebral column and length of skull. 
In different individuals and populations, these dimensions 
vary [11]. Stature can be defined as, the natural height of 
human in standing position. Many factors contribute in the 
identification of stature such as genetic and environmental 
factors. The different body parts measurements are helpful 
to determine the stature of the human body [12] but the 
data acquired from the long bones of human body are more 
reliable in the determination of stature. [13] [14] Studies 
shows that the standing height and long bones ratio varies 
among the different ethnic and racial groups. The 
relationship between the body length and different parts of 
the body is an important parameter in identifying the 
variation between different ethnic groups and measuring 
their life style. [11] Stature provides important information 
about individual body. Forensic anthropological estimates 

provide the identification of the individual [15] and 
assessment of nutritional status of the person [16].  
The collection of anthropometric data is time consuming 
and expensive [17]. Already data for various countries are 
available to get the idea for their population, like Indian 
agriculture workers [18], anthropometric study of 
Portuguese workers [19], body size of Sri Lankan workers 
[20], body parts measurement of Thai people [21] etc. 
Globally anthropometric measurements are used in 
designing various products [22], systems[23] and facilities 
for the people. For example, designing the class rooms [4] 
considerations are given to increase the comfortability [24], 
reduce the musculoskeletal disorders [25, 26] and increase 
the performance of the students[27, 28]. Products designs 
like pilot seats in airplanes[29], submarine consoles[30], 
military vehicles [31] and agricultural equipment [32] are 
some of the other examples.   Current research holds 
significance in two areas, firstly, deliverables of this study 
can be used as an input to rapid anthropometrics scaled for 
height (RASH) technique [33]. This technique helps in 
approximate calculation of body dimensions for a 
population with unknown anthropometry, through stature of 
the target population. Secondly, the outcome of this study 
can be used to determined heights of an unknown subject, 
which may help in archeology and forensic analysis of a 
body.  In literature review, very limited material has been 
found on the anthropometric data for Pakistan. Khyber 
Pakhtunkhwa, located in the North West region of Pakistan 
is home to 30,523,371 people (According to 2017 Census). 
Pakistan being a country of more than 220 million people, 
has never been investigated for anthropometric data. 
Therefore, this study is an attempt to gather anthropometric 
data and to develop a model that will predict the 
anthropometric measurements of the young men in this 
region of Pakistan. This study can be utilized by 
organizations in designing various products, systems and 
facilities for the people in Pakistan. The rest of this paper is 
organized as follows: Section II presents the methodology. 
Section III discusses the prediction of stature based on ten 
independent variables using regression modeling. This 
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analysis also describes the removing of the insignificant 
factors. Section IV discusses the significance of the 
anthropometric results, comparison of stature height with 
other countries. This section also includes limitations of the 
study. Finally, Section V summarizes and concludes the 
paper. 
 

2. METHODOLOGY  
The study was conducted on the young male population of 
Khyber Pakhtunkhwa, province of Pakistan. According to 
the last Census in 2017, the population of the Khyber 
Pakhtunkhwa is 30,523,371. For these number of people 
sample size of (400) is required as derived through (1) [34]. 

  
 

       
        

 (1) 
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2.2. Data Collection 
For 95% confidence level, a sample size of 400 is required 
for the population of 30,523,371. A total of 462 subjects 
from Khyber Pakhtunkhwa were selected for this study.  
The subjects between the ages of 18 to 30 were the target 
population for this study, as almost 28% of the whole 
population of the province lies in this range. Males from 15 
different regions were selected. Each subject signed an 
informed consent form before the measurement trial.  
For this study anthropometric data measurements were 
taken from 462 males which are more than the required 
sample size for 95% confidence level. Young male 
population between the ages of 18 to 30 years are 
considered for this study as 28% of the province population 
lies in these age limits. Data was collected from different 
cities of the province including Abbottabad, Swabi, 
Nowshera, Peshawar, Mardan, Swat and Charsadda. The 
demographic information for the data is shown graphically 
in Figure 1. 

 

 
Fig. 1.  Demographic information of data 

 
Since the data is collected from male population of different 
ages. Figure 2 shows the age wise distribution of the data 
collected. It can be observed from the figure, that the 
greatest population is from the Attock city, comprising 
28.8% while the minimum is from the Swabi with 1.7 
percent.  

 
Fig. 2.  Histogram of age wise data 

 
2.3. Measuring Procedure  
A total of ten body dimensions were taken in consideration 
for this study. Keeping in mind the circadian rhythm, all the 
subjects were measured during the same hours of the day 
each day.  Based on the accuracy of the traditional versus 
the high tech equipment, the portable traditional equipment 
for anthropometric measurements were used as both had 
same accuracy [27].  Another reason for preferring portable 
measuring instrument was the ease in carrying as the data 
had to be collected at designated locations in these regions. 
For this study, manual anthropometer, a stature meter, and 
measuring tape were used. The measurements were taken 
by experienced personnel including the principal 
investigator of the study. In order to incorporate reliability, 
consistency was taken as performance measure therefore, 
a pilot trial was carried on first few subjects unless the 
readings were consistent. Table I shows the measuring 
procedure along with the figure of body dimension [35]. 
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TABLE I 
ANTHROPOMETRIC PARAMETERS AND THEIR DESCRIPTION 

 Dimension Figure Procedure 

1 
Buttock knee 

length 

 

The measurement required subject in sitting position with knees 
flexed at 90 degrees and feet in line with the thighs lying on a flat 
surface. The anthropometer was placed flush against the buttock 
plate at the most posterior point on either buttock, and the 
anterior point to the right knee was measured with an 
anthropometer. 

2 Stature 

 

Standing height is the measurement of the maximum distance 
from the floor to the highest point of the head. The subject 
assumed an upright position which was maintained during whole 
position of measurement. The back of the head, shoulder and 
back was in contact with the wall. Keeping the head in Frankfurt 
horizontal plane. While the subject took a deep breath while the 
height was measured.  

3 Shoulder height 

 

The measurement required subject‘s shoulder to be in neutral 
position barefoot. The distance from the standing surface the 
Acromial landmark was measured as shoulder height. 

4 Lower leg 

 

The measurement required subject in standing position. The 
slant distance from lateral epicondyle of the femur to the peak of 
the sphyrion fibulare was measured using anthropometer. 
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5 Full leg length. 

 

The measurement required subject to be in neutral standing 
position. Measuring tape was used to measure the leg length 
starting from the anterior superior iliac spine to the medial 
malleolus. [36] 

6 Buttock Height 

 

In order to measure the buttock height, the vertical length starting 
from the standing surface to the maximum protrusion of the 
buttock was measured using an anthropometry. [27] 

7 
Elbow rest 

Height, Standing 

 

Subject in standing position, Vertical distance 
from the floor to the radial (the bony landmark formed by the 
upper end of the radius bone which is palpable on the outer 
surface of the elbow) [37] 

8 
Upper Arm 

Length 

 

Length from the acromion process down the posterior surface of 
the arm to the tip of the olecranon process, the bony part of the 
mid-elbow using an anthropometer.  
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9 
Lower Arm 

Length 

 

Midline of the crease of the elbow to the midline of the most distal 
crease of the wrist, just below the hand.  

10 
Eye Height 
Standing 

 

Distance of the inner canthus from the sanding surface 

11 
Eye Height 

Sitting 

 

Vertical distance from the sitting surface to the see inner canthus 
(corner) of the eye. 

 
The descriptive statistics for the anthropometric data of 
male population for KPK between the ages of 18-30 is 
shown in Table II. 

TABLE II 
 DESCRIPTIVE STATISTIC FOR ALL ANTHROPOMETRIC MEASUREMENTS 

Term Mean St. Deviation SEM Median Minimum Maximum 

Stature 174.01 8.47 0.394 173.72 149.5 200.99 

Buttock (x1) 88.55 4.817 0.317 88.535 69.395 112.122 

Elbow Wrist 
Height Standing 

(x2) 
116.17 5.36 0.25 116.11 102.2 131.11 

Shoulder Height 
(x3) 

135.92 7.03 0.374 135.9 108.15 162.74 

Upper Arm Length 
(x4) 

34.24 2.977 0.139 34.311 26.378 42.124 

Lower Arm Length 
(x5) 

29.045 2.872 0.134 29.049 22.141 37.124 

Eye Height 
Standing (x6) 

162.80 8.58 0.398 162.62 134.66 189.4 

Full Leg Length 
(x7) 

90.757 7.02 0.358 90.78 70.297 114.689 

Lower Leg Length 
(x8) 

50.409 4.332 0.341 50.316 30.618 72.584 

Buttock Knee 51.692 3.724 0.173 51.603 41.513 60.849 
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Length (x9) 

Eye Height Sitting 
(x10) 

73.353 4.403 0.251 73.232 58.042 87.764 

 
The results show that the average height of the person is 
174.01 cm with the standard deviation of 8.47 cm. The 
median, minimum and maximum values for the stature are 
173.72, 149.5 and 200.99 cm respectively. The standard 
error of measurement SEM values shown in Table I predict 

the accuracy of measurement of the sample mean to the 
population. The maximum SEM value is for the eye height 
standing with value of 0.398, rest all the values are well 
below that. The percentiles for the collected data are shown 
in Table III. 

 
TABLE III.  

PERCENTILE OF THE ALL ANTHROPOMETRIC MEASUREMENTS 
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5 160.18 77.70 107.18 123.51 29.43 24.22 37.58 146.97 78.91 45.92 63.72 

10 163.47 80.03 108.84 125.61 30.38 25.24 39.89 150.17 80.32 46.85 66.36 

15 165.49 81.36 110.09 127.75 31.19 25.90 42.52 152.19 82.14 47.81 67.94 

20 167.14 82.59 111.34 129.49 31.79 26.63 44.56 154.08 83.55 48.36 68.99 

25 168.26 83.46 112.87 130.59 32.19 27.13 45.86 156.35 85.15 49.19 69.96 

30 169.59 84.39 113.51 131.88 32.56 27.52 46.96 157.75 86.49 49.70 70.61 

35 170.47 85.47 114.22 132.60 33.03 27.89 47.95 158.95 87.74 50.14 71.21 

40 171.49 86.33 114.82 133.41 33.52 28.26 48.63 160.19 88.64 50.58 72.09 

45 172.55 87.14 115.52 134.96 34.02 28.62 49.68 161.53 89.68 51.08 72.65 

50 173.72 88.53 116.11 135.90 34.31 29.05 50.32 162.62 90.79 51.60 73.23 

55 174.71 89.58 116.78 136.83 34.69 29.49 51.39 163.68 91.71 52.13 73.87 

60 175.72 90.35 117.51 137.93 34.98 29.81 52.36 165.49 92.90 52.79 74.52 

65 177.00 91.43 118.18 138.76 35.31 30.12 53.46 166.70 93.68 53.18 75.28 

70 178.12 92.42 119.15 139.58 35.87 30.52 54.29 168.00 94.77 53.65 76.05 

75 179.69 93.16 119.98 140.98 36.18 30.91 55.41 169.63 95.88 54.18 76.93 

80 181.16 94.39 120.86 142.52 36.67 31.64 56.38 171.15 97.39 54.92 78.13 

85 182.69 95.80 122.06 144.45 37.33 32.20 57.85 173.56 98.84 55.73 78.96 

90 184.43 97.61 123.19 146.30 38.17 32.85 59.85 175.34 100.59 56.75 80.32 

95 188.63 99.48 124.77 149.30 39.37 33.92 62.43 178.47 103.76 58.31 82.32 

 
A percentile in statistics is used to identify a value below 
which a percentage of the observations falls. In Table III for 
the second column ―Stature‖ the 75

th
 percentile value of 

179.69 means that 75 % of the observations have a stature 
value below 179.69 cm.  
 

3. RESULTS AND ANALYSIS 

Multiple regression modeling was used in the prediction of 
stature based on ten independent variables. The values 
shown in table IV for the nine anthropometric dimensions 
were used in the regression analysis to develop (2) to 
predict the stature. 
  

                                                                                  
                                    (2) 

 
TABLE IV  

REGRESSION ANALYSIS FOR ALL THE MEASUREMENTS 
Term Coef SE Coef T-Value P-Value VIF 

Constant 56.04 5.02 11.16   

Buttock (x1) 0.1878 0.0484 3.88 0.000 1.02 

Elbow Wrist Height Standing (x2) -0.1322 0.0799 -1.65 0.000 1.01 

Shoulder Height (x3) 0.4806 0.0366 13.14 0.000 1.01 

Upper Arm Length (x4) -0.032 0.154 -0.21 0.007 1.02 

Lower Arm Length (x5) -0.374 0.165 -2.27 0.024 1.01 

Eye Height Standing (x6) -0.3221 0.0580 -5.56 0.000 1.01 

Full Leg Length (x7) 0.0467 0.0468 10.26 0.004 1.00 

Lower Leg Length (x8) -0.1965 0.0519 -3.78 0.001 1.02 

Buttock Knee Length (x9) 0.087 0.114 0.76 0.001 1.01 

Eye Height Sitting (x10) 1.0581 0.0729 14.51 0.09 13.02 

 
The R-Square value for the above model is 89% with the 
error (S value) of 3.5, which is below 5% error. The above 

data shows that every factor contribute in the calculating 
the value of the response variable, that is, Stature with the 
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P value of less than 0.05 (5%), except the factor ―Eye 
Height sitting‖ whose P value is 0.09 which is greater than 
5%. This predict that the factor ―Eye Height sitting‖ do not 
contribute to calculate the value of Stature. The residual 
graph in Figure 3 shows that the data is normally 
distributed. However, it can be observed that eye height 
sitting is not significant factor (p>0.05) in predicting the 
stature.  

 
Fig. 3.  Normality curve for the residual values 

 
3.1. Removing the insignificant factors 
A new model was developed removing the insignificant 
factors, as shown in (3). In this model, the sitting eye height 
was the insignificant. Table V presents the regression 
analysis excluding eye height sitting. 

TABLE V 
REGRESSION ANALYSIS FOR ALL THE MEASUREMENTS EXCLUDING EYE HEIGHT SITTING 

Term Coefficient 
SE 

Coefficient 
T-Value P-Value VIF 

Constant 78.13 5.79 13.5   

Buttock (x1) -0.0315 0.0556 -0.57 0.000 1.02 

Elbow Wrist Height Standing (x2) -0.344 0.0951 -3.62 0.000 1.01 

Shoulder Height (x3) 0.6215 0.0427 14.56 0.000 1.01 

Upper Arm Length (x4) 1.11 0.160 6.93 0.01 1.02 

Lower Arm Length (x5) 0.221 0.193 1.15 0.003 1.01 

Eye Height Standing (x6) -0.1491 0.686 -2.17 0.000 1.01 

Full Leg Length (x7) 0.3829 0.0560 6.83 0.004 1.00 

Lower Leg Length (x8) 0.0352 0.0598 0.59 0.001 1.02 

Buttock Knee Length (x9) -0.05 0.137 -0.36 0.001 1.01 

 
                                                                                  
                           (3) 

Now all the P-values are below 0.05 with R-Square of 85% 
which shows all the factors are significant and showing 
most of the variation for finding the regression equation.  
The elements contributed to the stature can be reduced by 

considering the only factors with strong correlation for the 
stature and removing the factors having low correlation 
values, that is, less than 0.8. The correlation values for all 
the factors is presented in Table VI.  

 
TABLE VI  

CORRELATION ANALYSIS OF ALL THE MEASUREMENTS 
Term Pearson correlation P-Value 

Buttock (x1) 0.83 0.000 

Elbow Wrist Height Standing (x2) 0.9 0.000 

Shoulder Height (x3) 0.96 0.000 

Upper Arm Length (x4) 0.72 0.01 

Lower Arm Length (x5) 0.68 0.003 

Eye Height Standing (x6) 0.98 0.000 

Full Leg Length (x7) 0.86 0.004 

Lower Leg Length (x8) 0.8 0.001 

Buttock Knee Length (x9) 0.81 0.001 

 
Eye height standing is also excluded from the equation 
because its measurement is very Close to the stature 

height, and if one has the value of this factor, it can easily 
predict the stature value without any other factor. The 
regression equation with fewer variable is presented in (4). 

                                                          (4) 

Now we will compare the results of original stature with both 
the equations, to find the value of stature from both the 
equations and to compare the results to find the 
differences. The data already collected is used to compare 
the results, as depicted from Table VII. The difference 

between the real stature values and the calculated values is 
0.28% for the 1

st
 equation and 0.27% for the 2

nd
 short 

equation, which is negligible.  
 

 
TABLE VII   

COMPARISON OF REGRESSION EQUATIONS WITH REAL HEIGHT 
Real Stature Height Stature Height from Eq. 1 Stature Height from Eq. 2 

173 173.25 173.20 

179 178.89 179.08 

171 170.85 170.99 

177 176.94 177.12 

170 169.41 169.65 

163 162.31 162.29 

174 174.53 174.47 
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163 162.16 162.15 

169 168.51 168.84 

176 176.09 176.22 

180 179.87 180.09 

170 169.22 169.50 

183 184.09 184.39 

158 158.02 158.61 

182 181.51 181.84 

159 158.60 159.01 

4. DISCUSSION AND LIMITATIONS 
The study assessed the significance of anthropometric 
measurements for estimating stature height. Ten 
anthropometric variables were included in the study to 
develop a stature model using multiple regression 
modelling which included buttock height, elbow rest height, 
shoulder height, upper arm length, lower arm length, eye 
height standing, full leg length, lower leg length and buttock 
knee length.  Calculation of stature height based on various 
anthropometric measures has been attempted by many 
researchers. However, the significant factors that can be 
used in the estimation of the stature needs investigation for 
accurate prediction. Previously, the tibia length and the arm 
lengths have been studied for stature calculations [38, 39]. 
This study also included leg length as one of the nine 
significant factors in predicting the stature height of soldier 
of Indian army [40]. However, taking a single variable for 
estimation cannot cope with the variation caused by the 
multiple factors such as multiple ethnic population. These 
facts make it important to have standing height models with 
multiple independent variables. Therefore, the main goal of 

this research was to test the hypothesis if high correlations 
can be obtained in multifactor regression modeling for 
stature height. A comparison of both the models for the 
stature height with the actual height, it was observed that 
there was not considerable difference and thus the models 
can be used. By comparing the results of both the 
equations the average error found is only 0.166 for the 
stature whose average reading is 174.01. This predict the 
error of only 0.28% which is very low. A limitation of this 
study is that the data collected is based on the KPK area 
which is the 3

rd
 largest province of Pakistan. Another 

limitation is the age restriction of the data. The reason for 
age restriction was to reduce the variability due to age and 
check the effect of already defined variables. Since the data 
was collected only for the male population therefore only 
male stature height can be predicted using the stature 
model.  
 
4.1. Comparison of stature height with other countries 
The comparison of the stature with of KP population of the 
Pakistan with the other countries is shown in Table 8. 

 
TABLE VIII 

COMPARISON OF STATURE HEIGHT OF KP POPULATION OF PAKISTAN WITH OTHER COUNTRIES 
Countries Stature Length Source 

India 162 [41] 

Sri Lanka (1991) 163.9 [42] 

Filipino (2007) 167.0 [3] 

Bangladesh (2012) 167.7 [43] 

Malaysian (2010) 168.6 [44] 

Japanese (2004) 169.0 [45] 

Portuguese (2005) 169.0 [19] 

Poland (1998) 169.5 [46] 

Chinese (2005) 170.3 [47] 

Turkey (2009) 170.8 [17] 

Thai land (South) (2008) 171.9 [21] 

Indonesia (2010) 172.0 [48] 

Algeria (2002) 172.6 [49] 

Ireland (1985) 173.1 [42] 

Italy (2002) 173.6 [42] 

Hong Kong (2000) 173.7 [42] 

Singapore (2010) 174.0 [48] 

UK (1998) 174.0 [37] 

KP Pakistan 174.01 Current Study 

Jamaica (1991) 174.9 [42] 

France (2006) 175.6 [42] 

Sweden (2009) 179.2 [50] 

Netherlands (1998) 179.5 [46] 

USA (2010) 180.1 [51] 

5. CONCLUSION  
The present paper presented multiple regression stature 
model based on nine anthropometric variables. A 
comparison was made between the predicted height and 
the actual height and minimal error found was insignificant.  
The study provided data for the nine anthropometric 
variables for the KPK male population which has never 
been presented before. Due to cultural impacts the female 
data could not be collected however, a separate study will 

be designed for female data collection.  A regression 
modeling for stature height is conducted and two models 
were developed. The results of both the models show that 
there was not considerable difference and thus the models 
can be used. By comparing the results of both the 
equations the average error found is only 0.166 for the 
stature whose average reading is 174.01. This predicts the 
error of only 0.28% which is very low. Furthermore, the 
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comparison of the stature height of KP population of the 
Pakistan with the other countries is also presented.   
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