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SUMMARY: The purpose of this research is to examine standing height in both Kosovan genders in the Western Region as well
as its association with tibia length, as an alternative to estimating standing height. A total of 664 individuals (33838élé&amale)
participated in this research. The anthropometric measurements were taken according to the protocol of ISAK. The rédatisaships
body height and tibia length were determined using simple correlation coefficients at a ninety-five percent confidencedotepalison
of means of standing height and tibia length between genders was performed using a t-test. After that a linear regressioeranaly
carried out to examine extent to which foot length can reliably predict standing height. Results displayed that Westerm&lesanean
179.7%#5.99 cm tall and have a tibia length of 4%3®1 cm, while Western Kosovan female are 1666283 cm tall and have a tibia
length of 37.682.52 cm. The results have shown that both genders made Western-Kosovans a tall group, somewhat taller that the
general Kosovan population. Moreover, the tibia length reliably predicts standing height in both sexes but, not reliabs emough
span. This study also confirms the necessity for developing separate height models for each region in Kosovo as theresults fro
Western-Kosovans do not correspond to the general values.
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INTRODUCTION

Kosovo is a democratic, multi-ethnic and secular
republic which administratively is subdivided into seven
districts (Ferizaj, Gjakova, Gjilan, Mitrovica, Peja, Pristina
and Prizren) and five regions (Eastern, Western, Northern,
Southern and Central). This study analyzes the standing
height and its estimation utilizing tibia length measurements
in adolescents in western region which contains two districts
(Peja & Djakova) and seven municipalities (Degan, Gjakova,
Junik, Rahovec, Pejé, Istok & Klina). This region (Fig. 1)
covers the area of 2,494 square kilometers and has populatic
of 368,907 inhabitants, while average density per square
kilometer is 150 inhabitants. Although Kosovo does not
cover a large territory, it has a varied relief that is mostly
part of the Dinarides mountain range and the author assume
this fact might influence the main objective of this study,
because of the type of the soil as well as other socio-economi
and geographical characteristics as a potential influencing Fig. 1. Geographical Location of Western Region
factors (Arifiet al, 2017). in Kosovo.
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There are many scientific findings which confirm thaspecific body composition than national as well as regional
the measurement of standing height is a vitally importapbint of view (Popovic). Even though many studies with this
variable when assessing nutritional status (Datta Banik, 20Eksence are available on neighboring countries as well as
Arifi etal), as well as when assessing the growth of childreworldwide population, only narrow data is available on
evaluating the basic energy requirements, adjusting tK@sovan subjects, just one conducted by Popehat (2013,
measures of physical capacity and predicting the drug dos&fd 6, 2017) that has covered whole Kosovan population, and
and setting standards of physiological variables such ase regional analyses that confirmed Western-Kosovans have
muscle strength, metabolic rate, lung volumes angpecific standing height/foot length ratio, comparing to gene-
glomerular filtration (Mohantgt al, 2001; Golshaet al, ral population in Kosovo. Considering rather sparse recent
2003, 2007; Ter Gooet al, 2011). However, according to scientific literature, the purpose of this research was to exa-
Quanjert al (2014), the exact standing height cannot alwaysine the standing height in both Western-Kosovan sexes and
be identified and resolved in the usual way (e.g. paralysits association with tibia length.
fractures, amputation, scoliosis and pain). Because of these
factors, an estimate of standing height has to be acquired
from other reliable anthropometric indicators such as hahdATERIAL AND METHOD
and foot lengths, tibia lengths, knee height, length of the
forearm, length of the sternum, vertebral column length,
sitting height, length of scapula, arm span as well as cranial ~ The nature of this research gave extension to the 664
sutures, skull, facial measurements et cetera (Gardasevibigh-school students last year (338 male and 326 female)
al., 2017; Popovic, 2017; Masanoweical, 2018). Therefore, from Western Region of Kosovo to be subjects. Two reasons
all these anthropometric indicators, which are used as which qualified the selected individuals are: the firstis related
alternative to estimate standing height, are very importatat the fact that the growth of an individual ceases by this
in predicting loss in standing height connected with agingge, while the second is related to the fact that there is no
Also, to diagnose individuals with disproportionate growtlage-related loss in standing height at this age. The average
abnormalities and skeletal dysplasia or standing height lcage of the male subject was 18043 years old (range 18-
during surgical procedures on the spine (Mohahsl), as 20 years), while the average age of the female subject was
well as to anticipate standing height in many older peopls.25:0.45 years old (range 18-20 years). It is important to
as it is very difficult to measure it precisely, and sometimasderline that the researchers have excluded from the data
impossible because of mobility problems and kyphosenalysis of the individuals with physical deformities as well
(Hickson & Frost, 2003). Lastly, it is important to state thaas those without informed consent. The exclusion criterion
this knowledge finds its importance in sport since the stamas also being non-Western Kosovan.
ding height represents a significant factor which influences
the success in various sport disciplines (Popovic). The anthropometric measurements, including stan-

ding height and tibia length, were taken according to the

Several researches have reported the benefit of usipgptocol of the International Society for the Advancement
various body parameters in predicting standing height, and Kinanthropometry (Marfell-Jonest al, 2006). The
arm span happened to be one of the most reliable ones in aduésed measurers have measured selected anthropometric
(Hickson & Frost; Jalzem & Gledhill, 1993; Mohardyal; indicators (same measurer for each indicator), while the
Ter Goonet al), while some authors (Sing#t al, 2012) quality of their performance was evaluated against the
believe that foot length measurement is the most reliabfgescribed “ISAK Manual”. Lastly, the age of the each
predictor during adolescent age, due to the fact that ossificatsubject was obtained directly from their birth record.
and maturation occurs earlier in the foot than the long bones
and standing height could be more accurately predicted from The analysis was performed by using the Statistical
foot measurement as compared to long bones during adolesd@amtkage for Social Sciences (SPSS) version 23.0. Means
age. In addition, the relationship of long bones and standiagid standard deviations (SD) were obtained for both
height was found to vary in different ethnic and racial groupmnthropometric variables. A comparison of means of stan-
(Steele & Chenier, 1990; Reevetsal, 1996; Browret al,  ding height and tibia length between genders was performed
2002; Bjelicaet al, 2012; Popoviet al, 2013, 2016) as well using a t-test. The relationships between standing height and
as various regions (Arifet al). Hence, researchers havetibia length were determined using simple correlation
derived a specific formula for calculating standing height frornoefficients at ninety-five percent confidence interval. Then
long bones for each ethnic/race group. The mentionedinear regression analysis were carried out to examine the
variations might be the case with tibia length predictions toextent to which the tibia length can reliably predict standing
mostly due to the fact that the Dinaric Alps population haseight. Statistical significance was set at p<0.05.
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RESULTS Table I. Anthropometric Measurements of the Study Subjects.
. Standing Height Range Tibia Length Range
Subjects (I\iwnigSD) : (Meafﬂ:SD) :

A summary of the anthropometric measurements in bot ;- 163.5-196.4 32.2-36.2
genders is shown in Table I. The mean of the standing height 1 (179.71£5.99) (41.35+3.01)
male was 179.75.99 cm and tibia length was 4143501 ¢m,  Female 153.3-181.8 30.1-45.8
while for female the standing height was 1662&3 cm and (166.26+5.23) (37.60+2.52)

tibia length was 37.62.52 cm. The sex difference between
standing height and tibia length measurements was statistically
significant (standing height: t=30.759; p<.000; and tibia lengtlge as a covariate. However, it was found that the contribution
t=17.359; p<.000). of age was insignificant and therefore the age was dropped
and estimations were derived as a univariate analysis. The high
In Table Il. the simple correlation coefficients andvalues of the regression coefficient (male: 0.538; female:
their ninety-five percent confidence interval analysis betwedh559) signify that tibia length notably predicts standing height
the anthropometric measurements are displayed. Timeboth Western-Kosovan sexes (male: t=11.709, p<0.000;
associations between standing height and tibia length wédeeale: t=13.465, p<0.000), which confirms the R-square (%)
significant (p<0.000) and high in this sample, regardless far the male (29.9) as well as for the female (35.9).
sex (male: 0.538; female: 0.559).
The associations between tibia length measurements
The results of the linear regression analysis are showand standing height among the above models is sketched as
in Table IlI. The first of all models were extracted by including scatter diagrams (Fig. 2).

Table Il. Correlation between Standing Height and Tibia Length of the Study Subjects

959 fid ignifi
Subjects Correlation Coefficient A{con idetice Significance
interval p-value
Male 0.538 0.448-0.629 <0.000
Female 0.559 0.511-0.687 <0.000

Table Ill. Results of Linear Regression Analysis Where the Tibia Length Predicts the Stan-

ding Height
. Regression Standard Error o
Subjects Coofficient (SE) R-square (%) t-value p-value
Male 0.538 5.064 29.9 11.709 0.000
Female 0.559 4.195 359 13.465 0.000
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DISCUSSION type of the soil) influencing the average standing height in
both Kosovan sexes as well as its association with tibia
length. This concern was based on the fact that entire Kosovo

The assessment of standing height using variod®es not fall into Dinaric Alps racial classification. In parallel,
anthropometric measures is very typical from the pastis study confirms the assumption mentioned above and
centuries and it has been attempted to be studied by mahso confirms that it is necessary to develop separate stan-
researchers. However, it is important to underline that tlieng height models for each population on account of regio-
arm span has been obtained as the most reliable bawl variations in Kosovo.

indicator for predicting the standing height of an individual

(Mohantyet al; Ter Gooret al), while tibia length is was Next to highlighted issue, the obvious constraint of

very close (Agnihotret al, 2009; Kaoret al, 2012; Khatun this research might also be the composition of the measured

et al, 2016). In parallel, it is important to emphasize thatample that consisted of high school students. This limitation
the individual and ethnic variations referring to standing based on the fact there are some studies which assumed
height and its association with tibia length might vary fronthe growth of an individual doesn’t cease by this age. This
ethnic group to ethnic group as well as race to race, becaassumption might be supported by the fact that university-
the racial and ethnic differences are affective on theselucated individuals have been founded to be taller than the
measures and reduce the possibility of generalizing (Bjelitdgh school population in Bosnia and Herzegovina
et al). This fact confirms the study conducted by author&rasgrubeet al, 2017; Gardasevit al), Poland (Wronka

(Agnihotri et al) who confirmed a very high linear & Pawlifiska-Chmara, 2009) and Hungary (Szollosi, 1998).

correlation between standing height and tibia length in bo@®n the other hand, this was not true for Montenegro

genders, while the research study conducted by Klettun(Popovic) and comparing the average standing height
al. shows significant correlation between standing heigihteasures of this study to the results of some study sampled
and tibia length in both genders of Indian population. They university students might give the science much precise
highest correlation coefficient in this population was foundonclusions. One more obvious limitation of this study is

for tibia length in males (r=0.67) as well as in femalealso the fact that both sexes of Kosovo did not reach their

(r=0.58). full genetic potential yet, since various environmental factors
controlled their development. Further continuous monitoring

All above-mentioned have confirmed the necessitig necessary, mostly due to the reason it is expected the se-
for developing separate standing height models for eachlar changes influencing standing height will ascend in the
population on account of ethnic differences and the recdntlowing two or three decades.

study conducted by Popowét al (2013, 2016, 2017) who

have analyzed the entire Kosovan population and have found

specific correlation coefficient standing height and fooBARDASEVIC, J. La estatura de pie y su estimacién utilizando

length in Kosovan male (r=0.669) and female (r=0.623yediciones de la longitud de tibia en adolescentes de la region

population; however, some recent studies have al§scidental de Kosovolnt. J. Morphol., 37(1p27-231, 2019.

confirmed the regional differences between the same ethnic RESUMEN: El ssito d . o -

groups too (Arifiet al), which caused the need for additional : El proposito de esta investigacion consistio

i Theref i . L of thi h i tentexaminar la estatura de individuos de en ambos sexos de Kosovo
caution. Therefore, the main goal of this research was 1o gyl region occidental, asi como su asociacién con la longitud de

the hypothesis if above-mentioned facts are true for the(pia, como una alternativa a la estimacion de la estatura de pie.
Western-Kosovans, that is, for the one of five Kosovapn total de 664 individuos (338 hombres y 326 muijeres) partici-
regions. As the correlation between foot length and staparon en esta investigacion. Las medidas antropométricas fueron
ding height was significant in both Western-Kosovan sexesmadas segin el protocolo de ISAK. Las relaciones entre la esta-
the tibia length measure therefore seems to be a reliailea del cuerpoy lalongitud de la tibia se determinaron utilizando
indirect anthropometric indicator for estimating Standinﬁoeflmentes de correlacion simple en un intervalo de confianza del

height in both genders of Western-Kosovan population noventay cinco por ciento. Se realizé una comparacion de los me-
" dios de la altura de pie y la longitud de la tibia entre los sexos

h Its of th d d db al utilizando una prueba t. Después de eso, se llevo a cabo un analisis
The results of the study conducted by Popevial de regresion lineal para examinar en qué medida la longitud del

(2013, 2016, 2017) confirm the necessity for developinge puede predecir de manera confiable la altura del pie. Los resul-
separate standing height models for both sexes in Kosa¥@os muestran que el hombre Kosovar occidental mide 1¥9.71
but the authors of the same study have recommended 80 cm y tiene una longitud de tibia de 413501 cm, mientras
further studies should consider dividing the population afue la mujer Kosovar occidental mide 166:2623 cm de alto y

this country to regional subsamples and analyze it separatée una longitud de tibia de 37.6@.52 cm. Los resultados han
just to be sure there are no geographical differences (Sucﬁig@ostrado gue ambos sexos convirtieron a los kosovares occi-
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dentales en un grupo alto, de estatura algo mayor que la pobladiiranty, S. P.; Babu, S. S. & Nair, N. S. The use of arm span as a predictor
general de Kosovo. Ademas, la longitud de la tibia predice de ma- of height: A study of South Indian womeh.Orthop. Surg. (Hong
nera confiable la estatura en ambos sexos; pero, no lo suficiente-Kor_‘g)'89(1)19'53' 2001. ical it Uit bodv heidht |
mente confiable como la extensién del brazo. Este estudio tamb{@RPoVic: S- Local geographical differences in adult body height in

. - MontenegroMonten. J. Sports Sci. Med., 6@)-7, 2017.
confirma la necesidad de desarrollar modelos de estatura separ%

- vic, S.; Arifi, F. & Bjelica, D. Standing height and its estimation
para cada region en Kosovo, ya que los resultados de los kosovaregijizing foot length measurements in Kosovan adults: National

occidentales no corresponden con los valores generales. survey.Int. J. Appl. Exerc. Physiol., 6(2)7, 2017.
Popovic, S.; Bjelica, D.; Georgiev, G.; Krivokapic, D. & Milasinovic, R.
PALABRAS CLAVE: Predicciéon; Medicion; Estatura; Body height and its estimation utilizing arm span measurements in
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Popovic, S.; Bjelica, D.; Molnar, S.; Jaksic, D. & Akpinar, S. Body height
and its estimation utilizing arm span measurements in Serbian adults.
Int. J. Morphol., 31(1p71-9, 2013.
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