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Abstract

Purpose of this study was to examine the standing height of adolescents from district of
Mitrovica north region of Kosovo, as well relationship between the length of the hand and
standing height from both gender adolescents. A total measured subject participated in this
research was 177 students from high school graduates (87 male and 90 female) females average
of age is 18.28+0.45 years old (range 18-20 years) and for male 18.25+0.46 years old (range 18-
20 years).The anthropometric measurements were done by trained people and were taken
according to the ISAK manual. The results for body height and length of the hand were analyzed
by means of the arithmetic mean (SD) and a simple correlation coefficient, while T-test analysis
was used for differences between the two genders and linear regressive analysis assessed body
height based on length of hand measurements. The results obtained in this paper have shown
that body height can be estimated from the length of the hand, which reliably predicts body
height for both genders.
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Introduction

Kosovo is located in the central part of the Western Balkans. Roads across Kosovo connect the
Adriatic and the Aegean within the interior of the Balkan Peninsula. Its borders are shared with
Albania (112 km), Macedonia (160 km), Montenegro (76 km) and Serbia (366 km). Kosovo’s
borders with neighboring countries mainly cross mountains and are of a natural character: to the
west of Kosovo, the border is with Bjeshket e Nemuna; to the north, it is with Sharr Mountain
and Pashtrik; and, to the north and north-east, it is with Kopaonik. The eastern perimeter of the
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Kosovo Basin is lower and thus waters flow into the North Morava Valley and Toplica. The
north-western part of Dukagjini, between Pashtrik and Koritnik, is also lower and the White Drin
flows there. Mountains make up about 63% of the territory of Kosovo and are divided into
several groups: suburban and central, and high, middle and low mountains. The Dinaric
Mountains belong to the western part of Kosovo. The Inner Dinaric Mountains include Mount
Mokna and the Mali i Thaté and the Bjeshkét e Nemuna Mountains. Kosovo’s climate is
conditioned by geographical location. Extending through the medium latitude, Kosovo’s climate
is conditioned by the amount of sunshine, and its proximity to the Adriatic Sea, the Vardar
Valley, and the opening to the north, where the altitude averages 400 m (16). Based on the
available data, Kosovo lies within several different geographical regions and its population
belongs to the Central Dinaric Zone; thus, it is highly important to conduct a professional study
that would provide a morphometric estimate of the entire population. With different geographical
and administrative regions (Pristina, Mitrovica, Peja, Gjakova, Mitrovica, Ferizaj & Gjilan),
Kosovo has a territory of 10,887 km2 and 1,907,592 inhabitants (July 2018 estimate), whose
average age is 29.6 years, while 50.34% are male and 49.66% female. This study analyzes the
relationship between standing height and length of the hand measurements in adolescents in the
north region of Kosovo. Within this region is administrative districts of Mitrovica and four
municipalities ((Leposavi¢, Mitrovica, North Mitrovica, Skenderaj, Vushtrri, Zubin Potok and
Zvecan). This region (Figure 1) covers the area of 2,077 square kilometers and has population of
272,247 inhabitants, while average density per square kilometer is 110 inhabitants (Komunat e
Kosovés,2013).

Geographical Location District of the Mitrovica (Figure 1)
The human body and their inter-relationships have awakened the curiosity of many authors
around the world undertaking research in this regard by comparing relations between different
races, as well as within a population but from different geographical regions (Bjelica et al., 2012;
Arifi et al., 2017a; Arifi et al., 2017b; Arifi et al., 2017c; Popovic et al., 2016). The dimensions
of the body that has been most frequently addressed by research in relation to other
anthropometric parameters is body height, which is widely recognized as one of the most
significant anthropometric measures whose values can be used for various purposes, such as

12



assessing children’s growth and development, nutrition, overweight, talent identification and
energy consumption, thereby underlining the importance of accurately recognizing these values
(Datta Banik, 2011; Rexhepi, Brestovci & Isufi, 2018). However, body height is not always
possible to measure in the traditional way, for example, in cases where an individual has some
form of paralysis, fractures, amputations, scoliosis, kyphosis, osteoporosis, hormonal imbalances
and various kinds of pain (Quanjer et al., 2014;). In such cases, we need to estimate relative body
height using other anthropometric parameters as reliable predictors, such as arm span, which has
been established by many authors to be one of the best predictors of body height compared to,
among others, sitting height, hand length, vertebral column length, tibia length, foot length and
sternum length. Research indicates that the relationships between body height and other
anthropometric parameters are different and vary from race to race, ethnicity to ethnicity, and
region to region (Bjelica et al., 2012; Agnihotri et al., 2007; De Lucia et al., 2002; Mohanty et
al., 2001;). According to a study conducted by Quanjer et al. (2014), body height relative to other
anthropometric parameters varies non-linearly, based on the age between males and females. It is
especially interesting to note that a number of scientific studies has confirmed that people who
are tall suffer more from heart disease, as well as some types of cancer, earlier damage to the
joints and spine, etc., but, in other cases, tall people also enjoy more privileges in society, usually
have higher social positions, are more successful at school and in a considerable range if sports
and sports-related (Popovi¢, Arifi & Bjelica, 2017a; Arifi, 2018).

A big number of studies has been conducted worldwide on body height to arm span ratios
involving anthropometric parameters, using similar samples to the adolescent population of
Kosovo in general (Arifi et al., 2017a; Arifi, 2017b; Arifi et al., 2017c), as well as on body
height to foot length ratios (Arifi, Gardasevic & Masanovic, 2018), body height to sitting height
ratios (Popovic, 2018; Gardasevic, Masanovic & Arifi, 2018) and body height to tibia length
ratios (Masanovic, Gardasevic & Arifi, 2019). Based on the above research, it is very important
for the population of Kosovo to have accurate information as well as body height to length of
hand ratios, which are of great importance to medicine, sports, anthropology and other fields.
Hence, the first aim of this research is to examine the average body height of adolescents for
both genders region of Mitrovica, as the authors believe that adolescents of Mitrovica population
can reach full potential for the Dinaric race, while the second aim is to examine body height for
both genders in Kosovo and its relationship to hand length.

Method

The included a sample of 177 high school graduates from north region of Kosovo — District of
Mitrovica 87 are male and 90 females average of age is 18.28+0.45 years old (range 18-20 years)
and for male 18.25+0.46 years old (range 18-20 years). We chose to obtain measurements from
graduates because, being 18 years old, it was expected that, at the time of measurement, body
growth and development had been completed for both genders and maximum body height had
been reached. It is also worth noting that the sampling criterion was random on the day the
measurements were made, but all students were included, regardless of whether or not they had
any physical disabilities and/or and were permanent residents in region of Mitrovica. The
measurements were made by experts from the Institute of Sport Anthropology and the National
Centre for Sport Medicine, both in Pristina. Measurements of body height and hand length were
performed by reference to the protocol of the International Association for the Advancement of
Kinanthropometry (Marfell-Jones, Olds, Steele & Carter, 2006). Whereas students’ age data
were obtained at the time of the measurements and each person’s age was calculated from his/her
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date of birth and the date the measurements were made. The results for body height and hand
length were calculated using the SPSS version 25.0 mathematical package for each individual.
The arithmetic mean (SD) was calculated for both genders, while T-test analysis was performed
with regard to the two anthropometric variables, differences between body height and hand
length for each sex group and between genders. The ratios between body height and length of
hand were determined via Pearson’s correlation coefficient with a 95 per cent confidence limit.
Meanwhile, to determine the extent to which the length of the hand can predict body height,
linear regressive analysis was employed. The significance of the statistical coefficient was set at
the level of p < 0.05.

Results

A summary of the results for the anthropometric measurements of both genders are presented in
Table 1. The arithmetic mean of body height in males is 180.28 + 5.71 centimetres and the length
of the hand is 19.12 + 0.84 centimetres, while, in females, the arithmetic mean is 165.36 + 4.56
centimetres for body height and 17.52 + (.78 centimetres for hand length. Differences between
males and females in the case of anthropometric measurements of body height and length of
hand were statistically significant at (males: t = 6.949, p < 0.000; females: t = 6.450, p < 0.000).

Table 1: Anthropometric measurements for both genders
Standing Height Range  Length of Hand Range

Subjects (Mean=SD) (MeantSD)
oo 167.9-1973 16.3-8-21.8
(180.28+5.71) (19.12+0.84)

Female 158.70-182.0 15.7-20.0
(165 36+4.56) (17.52+0.78)

The simple correlation coefficient and analysis of the 95% confidence interval between
anthropometric measurements are presented in Table 2. The correlations between body height
and the length of the hand are significant (p < 0.000) and the correlations between the two
anthropometric variables are high for both genders (males: 0.602; females: 0.567).

Table 2. Correlation between body height and hand length of the study subjects

: Correlation 95% confidence Significance
Subjects . g
Coefficient interval p-value
Male 0.602 0.430-0.774 <0.000
Female 0.567 0.392-0.741 <0.000

The results of the linear regressive analysis are presented in Table 3. The results of the regression
coefficient are high (males: 0.602; females: 0.567), while the results of body height prediction
for adolescents from the length of the hand for both genders are as follows: males: t=
6.949, p < 0.000; females: t = 6.450, p < 0.000. These results are confirmed by the coefficient of
determination, denoted as R-squared (%), for males at 36.2 and for females at 32.1.
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Table 3. Results of linear regression analysis where hand length predicts body height

Subjects Regre_ss:ion Standard R-square t-value o-value
Coefficient Error (SE) (%)
Male 0.602 4.591 36.2 6.949 0.000
Female 0.567 3.781 32.1 6.450 0.000

The associations between body height measurements and length of the hand among the above
models is sketched as a scatter diagrams (Figure 2).
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Figure 2. Scatter Diagram and Relationship between Length of Hand Measurements and Body
Height among Both Genders

Discussion

Through this study, it can be established that adolescents from north region of Kosovo, district of
Mitrovica are ranked very high in the world, with an average body height of 180.28 + 5.71
centimetres, and are higher to the data that was reached in the measurement of Kosovo males
population with an average standing height of 179.52 + 5.96 centimetres (Arifi et al., 2017a).
Compared to countries in the region such as Macedonia, adolescents from district of Mitrovica
are taller than those with an average height of 178.10 centimetres (Popovic et al., 2016),
However, adolescents from Mitrovica are not taller than Montenegrins, whose height is 183.36
centimetres on average (Popovic, 2017), the population of the Dinaric Alps at 28 per cent
(Pineau et al., 2005).

In addition, female adolescents from region of Mitrovica are among the world’s tallest
populations with an average height of 165.36 + 4.56 centimetres are same than to the data that
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was reached in the measurement of Kosovo females population with an average standing height
of 165.72 + 4.80 centimetres (Arifi et al., 2017). Compared to countries in the region, such as
Macedonia, female from Mitrovica are taller than those in Macedonia with an average height of
164.58 centimetres (Popovic et al., 2016). But adolescents from Mitrovica are not taller than
females from the Netherlands, having a height of 168.8 centimetres (Statistics Netherland, 2015),
or with females from Montenegro averaging 168.3 centimetres (Bjelica et al., 2012).

This research is still not complete, because the other main aim was to estimate body height from
the length of the hand and the links between them in the case of measurements for both genders
among Mitrovica adolescents. Besides arm span, sitting height, foot length and tibia length (Arifi
et al., 2017; Popovic, 2019; Gardasevic, 2019) have proven to be good predictors of body height
in our study. Hand length, using deterministic equations has been shown to be reliable predictors,
especially with regard to the body height of Mitrovica adolescents of both genders. Research by
different authors has revealed that the dimensions of hand length vary from race to race and
therefore the formulas that can be applied to one ethnic group are not necessarily applicable to
others, on account of genetic, environmental and socioeconomic factors (Lukpata et al., 2015;).
That said, some studies have demonstrated that differences can also be individual (Dubois et al.,
2012;).

This study confirms the existence of differences in body height and hand length which are
statistically significant between males and females, where the mean length of hand was 19.12 +
0.84 centimetres for males and 17.52 + 0.78 centimetres for females, and the difference was
significant at the p < 0.000 level; this has also been validated by other authors (Agnihotri et al.,
2007; Rastogi et al., 2008;). Relationships between body parameters have been the focus of years
of research for many anthropologists, which is why we have also tried to validate the correlation
between body length and the length of the hand. The present study reports high values for the
correlation coefficient between body length and hand length measurements for both genders,
while the correlation between body length and hand length for males is (r = 0.602) and, for
females, it is (r = 0.567); these results are comparable to those found in other studies from
Europe and the rest of the world. Recent studies have presented results similar to those in the
study from Wakode et al. (2015) who found a high correlation between body height and male
hand length with a value of (r = 0.699) and female hand length with a value of (r = 0.693).
Similar correlation values between body height and hand length in the Egyptian population have
been found by Muhammad (2013), who found a correlation between these two parameters of (r =
0.525) for males and (r = 0.697) for females. Comparable findings for stature and hand length
have been reported by Moorthy and Zulkfly (2014), with values of (r = 0.604) for males and (r =
0.630) for females. Uhrova et al. (2015), in her study on Slovak youth, observed a correlation
between body height and hand length of (r = 0.630) for males and (r = 0.580) for females, and
Ozalsan et al. (2012) found a correlation between body height and hand length of (r = 0.578) for
males and (r = 0.309) for females, while Patel et al. (2012) found higher values between body
height and the length of male hands (r = 0.806).

On account of the models applied in this paper, it is evident that body height showed a high
correlation with hand length and confirmed that body height can be estimated from the length of
the hand among district of Mitrovica adolescents. The limitation of this study is that the male and
female adolescents from Mitrovica included in this study were born in 1998, which was a period
of war in Kosovo, when half the population were displaced from their homes. Their lives have
been lived under difficult socioeconomic conditions. As the authors of this paper, we conclude
that the average stature of male and female from district of Mitrovica has not yet reached its full
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maximum genetic potential and that it is expected that future generations will achieve greater
body height and be among the tallest populations the world. It is therefore necessary to consider
different models for population research in Kosovo, based on each region and both genders.
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