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SUMMARY: The purpose of this research is to determine a regression equation for estimation of stature from sitting height
measurements. This research was carried out on 1623 subjects (830 male and 793 female) among the population of Kosovan adolescents.
The stature and sitting height measurements were taken according to the ISAK protocol, and the data were analyzed statistically; the
relationships between stature and sitting height measurements were derived using simple correlation. A comparison of the means of
sitting height measurements between sexes was performed using a t-test, while a linear regression analysis was employedto examine the
extent to which sitting height measurements can reliably predict stature. The results of this research study confirmed that sitting height
reliably predicts stature in both genders of Kosovan adolescents and revealed a very useful finding for physical anthropologists and
experts from related fields.
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INTRODUCTION

Many studies have been conducted confirming thabntrast, sitting height is also an important measure in many
the systematic diagnosis of children’s height and the regulgther settings. In addition to the fact that it is a reliable
measurement of other body proportions can yield beneficiahthropometric measure to accurately estimate stature, it is
information about children’s development (Fredriks et ala proxy for predicting children’s body proportions. Sitting
2015). In essence, stature is one of the most important Wight can also be used to predict the statural growth in the
riables when assessing the growth of children and theisses in which the real stature cannot be measured because
nutritional status, evaluating the basic energy requirements, lower limb deformities, such as chondrodystrophic
adjusting the measures of physical capacity and predictisgndromes (Fredrikst al). The main characteristic of this
appropriate drug dosage and setting standards sKeletal syndrome are short limbs, while it is well-known
physiological variables (Mohanst al, 2001; Golshaet that taller children have longer limbs and vice versa in the
al., 2003, 2007; Datta Banik, 2011; Ter Goon et2011), general population without the deformities (Yatral, 1995).
while one of the most generally known protocols foFurthermore, it is necessary to highlight that sitting height
predicting children’s body proportions is to derive the statur@d gender based and a very good predictor of stature in the
sitting height ratio and calculate it with reference to agelderly (Fatmah, 2010). Therefore, the relationship between
(Fredrikset al). Moreover, stature cannot always bestature and sitting height is strongly connected in the previous
measured in the typical way, because deformities, suchlasrature. In the following, the specific characteristics of
scoliosis, kyphosis, fractures, amputation et cetera, migitese measures within the Kosovan population will be
disrupt this process (Quanjet al, 2014). For this reason, presented to justify the necessity of this research study.
relative stature must be calculated from various
anthropometric measures that can reliably predict the true In some recent research studies, the recommendations
stature. The most reliable anthropometric measures that fsefurther investigators have specified that it is essential to
used as an alternative to estimate true stature are presefitatithe benefit of using various body indicators in estimating
in the study published by Bjelied al (2012); sitting height stature in both Kosovan genders (Aeifial, 2017; Popovic
was also one of the described anthropometric measuresetral, 2017a), largely due to the reason that the Kosovan
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population in both genders had specific bodgf Kinanthropometry (Marfell-Jonest al, 2006). The
compositions, which is reflected in much more similatrained measurers have measured selected anthropometric
body indicators to their western neighbours fronndicators (same measurer for each indicator), while the
Montenegro than to their ethnic compatriots from Albaguality of their performance was evaluated against the
nia (J. Jarani, personal communication, 2018). The unuspatscribed “ISAK Manual”. Finally, the age of each subject
stature of Montenegrins has long been recognised (thas obtained directly from their birth dates.

tallest male nation on the planet at the beginning of the

20th century) as well as its distinct body proportions, such The analysis was performed using the Statistical
as long lower and short upper limbs (Coon, 1975). IIRackage for Social Sciences (SPSS) version 20.0. Means
contrast, the Kosovan male population has almost reacleet standard deviations (SD) were obtained for both
the average stature of Montenegrins and was almost fiaethropometric variables. A comparison of means of sitting
centimetres taller than the Albanian male population (Beight between genders was performed using a t-test. The
Jarani, personal communication, 2018). According telationships between stature and sitting height were
available data, similar estimations are also expecteddetermined using simple correlation coefficients at a 95
the female population at the national level (Pop@tic % confidence interval. Next, a linear regression analysis
al., 2017b; Masanovic, 2017). This might be explainedas carried out to examine the extent to which the sitting
by the fact that Montenegrins and Kosovans live in simieight can reliably predict stature. Statistical significance
lar geographic as well as climatic conditions, which aneas set at p<0.05.

characteristic of the area of the Dinaric Alps. Therefore,

these external factors had the dominant influence on the

mentioned population growth and special research focusRESULTS

on siting height and its relationship with stature in the

Kosovan population is necessary, mostly because many

studies with this purpose are available on populations A summary of the anthropometric measurements
throughout the world, but the available data on Kosovani both genders is shown in Table I. The mean of the stature
subjects is very poor, and a national survey is the bdst males was 179.55%5.96 cm and the sitting height was
solution to determine these unverified facts. Considerirgh.133.56 cm; for females the stature was 1654723

the rather sparse recent scientific literature, the purpos®, and the sitting height was 90+B7/03 cm. The sex

of this research was to examine the sitting height in botlifference between sitting height measurements was
Kosovan genders and its association with stature. statistically significant (t=30.131; p<0.000).

In Table I, the simple correlation coefficients and
MATERIAL AND METHOD their 95 % confidence interval analysis between the
anthropometric measurements are displayed. The
associations between stature and sitting height were
This research included 1623 final year high-schoalignificant (p<0.000) and high in this sample, regardless
students (830 male and 793 female) from Kosovo to loé gender (male: 0.691; female: 0.629).
subjects. Two reasons qualified the selected individuals:
the first is related to the fact that the growth of an indivi- The results of the linear regression analysis are
dual ceases by this age, while the second is related to shewn in Table Ill. The first models were extracted by
fact that there is no age-related loss in the stature at timsluding age as a covariate. However, it was found that
age. The average age of the male subject wasHB4% the contribution of age was insignificant; therefore, the
years old (range 18-20 years), while the average ageagfe was dropped, and estimations were derived as a
the female subject was 182143 years old (range 18- univariate analysis. The high values of the regression
20 years). It is necessary to underscore the fact that toefficient (male: 0.691; female: 0.629) signify that sitting
researchers have excluded from the data analysis tieght reliably predicts stature in both Kosovan sexes
individuals with physical deformities as well as thosémale: t=27.48, p<0.000; female: t=22.77, p<0.000), which
without informed consent. The exclusion criterion was alsmnfirms the R-square (%) for males (47.7) as well as for
being non-Kosovan. females (39.6).

The anthropometric measurements, including The associations between sitting height
sitting height and stature, were taken according to timeasurements and stature among the above models is
protocol of the International Society for the Advancemerlisplayed in a scatter diagram (Fig. 1).
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Table I. Anthropometric measurements of the study subjects.

Table II. Correlation between stature and sitting height of the

Subjects Body Height Range Sitting Height Range study subjects.
(MeantSD) (MeantSD) . 95 % -
161.4-1988 84.4-105.0 Subjects  Comelaion o fdence  gnificance
Male (179.52+5.96) (95.133.56) Cocfficient interval p-value
Female 153.3-185.0 80.0-101.9 Male 0.691 0.641-0.740 <0.000
(165.72+4.93) (90.1743.03) Female 0.629 0.575-0.683 <0.000

Table III. Results of linear regression analysis where the sitting height predicts the stature.

. Regression Standard Error R-square
Subjects Coefficient (SE) (%) t-value p-value
Male 0.691 4313 471 2748 0.000
Female 0.629 3.837 39.6 2277 0.000
DISCUSSION
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Fig. 1. Scatter diagram and relationship between sitting height measurements
and stature among both sexes.
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Fig. 2. Frequency of sitting height among both sexes.
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Based on different anthropometric
parameters, the measurement of stature has been
applied and understood since the 19th century in
the field of physical anthropology. Many
researchers have tried to determine the best
anthropometric method for estimating the true
stature. According to the accessible literature, it is
quite appropriate to use arm span as the most
reliable stature predictor (Mohanty et al.). In
contrast, it is also confirmed that other
anthropometric indicators, including foot length,
knee height, tibial length, hand length, vertebral
column length, sitting height, length of scapula,
etc. can be used as reliable predictors of stature to
a certain degree, in those situations in which arm
span cannot be provided. Furthermore, it is known
that certain anthropometric measurements may
vary depending on racial affiliation (Popovic et al.,
2016), and from one ethnic group to another
(Popovic et al., 2013). It is noteworthy that
researches confirming significant differences in
previously mentioned anthropometric parameters
between ethnically related people who live in
different regions, that is, on territories with different
geographical characteristics; are more and more
common these days. It is therefore impossible to
use the results of research obtained in different ra-
cial and ethnic groups, different regions, with
certain geographical features, and generalize the
obtained results, as some other scientific claims
propose; however, it is necessary to conduct indi-
vidual research for each racial and ethnic group,
i.e. population living in a geographically specific
area for which the requirements that are the subject
of this study have not been determined.



POPOQVIC, S. Nationwide stature estimation from sitting height measurements in Kosovan adolebtedtsMorphol., 37(2504-508, 2019.

In a study conducted by Fredmt al (2015), it was between the sitting height with stature in both sexes was
confirmed that sitting height in adolescents reflects 52 % ebnfirmed (men: 47.7 %, women: 39.6 %), and it can be stated
stature; accordingly, other age groups (0 to 21 years) algmt sitting height is a reliable indicator for assessing stature in
showed a high relation when sitting height/stature ratio wémth genders in Kosovans, while the obtained results differ
researched, especially for distinctively short or tall childrersignificantly in relation to the coefficient of determination
In the same study, the authors pointed out that the ratio of sittiagquired in western populations (Frediétsl), while data in
height and stature changes from 0.68 in infants to 0.52 Montenegro and Albania are not available for this issue;
adolescents and found that growth and development in the phewever, it is expected that they should be most similar to
puberty period are manifested more in the extremities thanfontenegrins, analogous to other available anthropometric
the length of the trunk. Furthermore, a significant number afieasures mentioned previously.
studies worldwide (Tannet al, 1982; Dangouet al, 2002;

Boginet al, 2012), over the course of the past century, confirm The results of this study provide a new reference for
the fact that the changes in a positive secular trend are obsertlesl Kosovo population and confirm the need for the
more in the growth of the limbs than in the growth of the trunidevelopment of specific models when it comes to assessing
however, these findings cannot be confirmed for the populatistature for both genders in Kosovo. However, the authors of
in Kosovo. Therefore, the results of this research will makethis study emphasize that in further research, the separation of
significant step forward concerning the anthropometrithe population of this country into regional samples should be
measures themselves but also those related to tbensidered and analysed separately, mostly because the
interdependence of sitting height and stature. geographical features (such as the type of soil in question) that
could affect anthropometric measures used in this study, and

The results of this study clearly show the specifibecause it has been shown that the estimation of actual stature
anthropometric characteristics of the Kosovan populatiowith the help of foot length varies from region to region in
Interestingly, the majority of the population in Kosovo isKosovo (Popoviet al, 2017b; Masanoviet al, 2018). This
represented by Kosovo Albanians, i.e. Kosovars (92.9 %), whitencern is based on the fact that the entire area of Kosovo
none of the remaining ethnic groups exceed 2 % of the tot#des not lie within the Dinaric Alps, which are characteristic
population: Bosnians (1.6 %), Serbs (1.5 %), Turks (1.1 %) the specific body proportions of the population living in this
Ashkali (0.9 %), Egyptians (0.7 %), Gorani (0.6 %), Romarea. Therefore, in regions on the slopes of other mountain
(0.5 %), while 0.2 % provided no answer. Therefore, there acbains, facts that could be confirmed do not correspond to the
no significant ethnic differences in the population living ioverall Kosovo sample. Therefore, there is a reasonable
Kosovo; however, as has already been stated, the boalssumption that some subsequent studies could confirm that
composition differs significantly from the body compositionthe sitting height/stature ratio could vary from region to region
of their compatriots living in Albania, which is particularly in Kosovo. In contrast, it is worth pointing out that the limitation
reflected in the stature. Namely, the Kosovans are aboutbthis study can be the structure of the sample that was used,
centimetres taller (men: 179.525.96 cm, women: 165. 72 which consisted of final year students from high schools.
4.93 cm) that their compatriots from Albania (J. Jarani, pers&pecifically, some studies assume that the growth and
nal communication, 2018), while the average altitude is muatevelopment of adolescents does not cease at that time (P.
more similar to the Montenegrins (Popovic, 2017), theiGrasgruber, personal communication, 2016; G. Jurak, perso-
neighbors on the west side, with whom they share mountaial communication, 2017), that is, that even after the age of 18
chains. Itis essential to note that a significant number of authgesars, people continue to grow, and this growth is characterized
have described the specific body proportions of the populatitny the extension of the trunk, which can significantly affect
living on the slopes of the Dinaric Alps, and this particularityhe results of this study and its final conclusions. Although the
of the Kosovans should be, in fact, caused by the same factaiyove assumptions remain at the level of theory, they are

supported by the fact that the average stature of university

According to the previously mentioned, the measurestudents is significantly higher than high school students in
of the sitting heights (male: 954356 cm; female: 90.%8.03 some countries: Bosnia and Herzegovina (Grasgretbat,
cm) should be in line with the stated facts (Fig. 2), that is, th&p17; Gardaseviet al, 2017), Poland (Wronka & Pawlifiska-
should be different from the members of the same ethnic groGpmara, 2009) and Hungary (Széllesial, 1998), while in
from other geographic regions, and that they have a differdvibntenegro these cases (Bjeletal.; Popovic) have not been
relationship with stature in both genders. Since the main gaanfirmed, and it can easily happen that the same case is
of this study was to test the assumptions about whether th&tablished with the Kosovo population, given the certain
facts are true for the Kosovans, the main outcome of this stusiynilarities between Montenegrins and Kosovars, or some
is that it has been confirmed that the population in Kosovo hesmmon specific features in relation to other populations in
specific body proportions. Specifically, a significant correlatiotthe region. The obvious limitation of this study is the fact that
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neither of the Kosovan sexes have reached the full genéﬁ@jdasevic, J.; Rasidagic, F.; Krivokapic, D.; Corluka, M. & Bjelica, D. Stature

: i PO and Its estimation utilizing arm span measurements in male adolescents from
potentlal and that a positive secular trend can Slgmflcantly Federation of Bosnia and Herzegovina Entity in Bosnia and Herzegovina.
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is a realistic expectation, based on previous experiences withindependent predictor of pulmonary function parameters: validation and

B ; reference valuefRespirology, 12(3361-6, 2007.
the Euro.pean Sample (Fred”ksal)’ that secular Changes In Grasgruber, P.; Popovic, S.; Bokuvka, D.; Davidovic, I.; Hrebickova, S.; Ingrova,
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all the relations established so far will be disrupted. anthropometric survey of male youths in Bosnia and HerzegoRingoc.
Open Sci., 4(4161054, 2017.
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sujetos (830 hombres y 793 mujeres) en la poblacion de adolesceiebanty, S. P.; Babu, S. S. & Nair, N. S. The use of arm span as a predictor of
Kosovares. Las medidas de estatura y altura sentada se tomaron de acuef€ight: A study of South Indian womed. Orthop. Surg. (Hong Kong),
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