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DRragI ¢1TAOCI,

Zajedno smo usli u Sestu godinu postojanja casopi-
sa “’Sportske nauke i zdravlje””. Na§ Casopis je od ovog
broja indeksiran i u medunarodnoj citatnoj bazi Erih
plus. Broj prijavljenih radova je sve veci, a isti se mogu
slati putem online obrasca na redizajniranoj web stranici
Casopisa www.siz-au.com.

U ovom broju ¢ete pronaci zanimljive ¢lanke autora
iz pet drzava. Isti obraduju razlicite teme sa zanimljivim
istrazivanjima, a koja se odnose na procjenu aktivnog
zivotnog stila studenata, rano otkrivanje i prevenciju go-
jaznosti kod mladih, odnosu posturalnog statusa stopa-
la i eksplozivne snage donjih ekstremiteta, promjenama
funkcionalnih sposobnosti pod uticajem rekreativnog pli-
vanja, efekte kinezioloskih aktivnosti na transformaciju
morfoloskih karakteristika i motori¢kih sposobnosti kod
zena, zdravstvenim pokazateljima kod fudbalera, hijerar-
hijsko struktuiranje ekspertnog modela za poducavanje
osnovnog skijaskog zavoja i relacijama motorickih spo-
sobnosti i tehnicko-taktickih elemenata u stonom tenisu.

I na kraju neka nam vodilja bude misao Frensisa
Bejkona: “’Lukavi ljudi preziru nauku, priprosti joj se
dive, a mudri se njome koriste™.

UREDNISTVO CASOPISA

DEARREADERS,

This is the sixth year of the journal “Sports Science
and Health“. Since this edition, our journal is indexed
and is part of the international ERIH PLUS database. The
number of the papers is increasing, and they could be
sent via online form on the re-designed web page of our
journal www.siz-au.com

This issue has some interesting papers written by
the authors from five countries. They analyze various to-
pics with very interesting research, dealing with the eva-
luation of the scale of perception of active student life
style, early detection and prevention of overwight in yo-
ung people, relation between the postural feet status and
explosive strenght of the lower extremities, changes of
functional abilities of women under the influence of re-
creative swimming, effects of kinesiological activites on
transformation of the morphological characteristics and
motor abilities of women, health indicator of the football
players, hierarchical classification metodical model for
teaching basic ski turn and relationship between motor
abilities and technical and tactical characteristics in table
tennis.

And for the end, let the motto of Fransis Bacon lead
you: ,,Crafty men condemn studies, simple men admire
them, and wise men use them*.

JOURNAL EDITORIAL

www.Siz-au.com
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EVALUACIJA SKALE PERCEPCIJE
AKTIVNOG ZIVOTNOG STILA
STUDENATA

MiLAN NESIC!, VELIBOR SRDIC?, TATJANA JEZDIMIROVIC!
!Fakultet za sport i turizam, Novi Sad, Srbija

’Panevropski univerzitet Apeiron, Fakultet sportskih nauka, Banja
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Prof. dr Milan Nesic,
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Radnicka 30a, 21000 Novi Sad, Srbija
mnesicO08@yahoo.com

Apstrakt: Problem prisutnosti zdravih Zivotnih navika
kod mladih, a u tom kontekstu i sve intenzivnije afir-
macije aktivnog stila Zivota, danas je jedno od najcesce
postavljanih pitanja kada se sagledavaju njihovi uslovi
zivota i rada. Istrazivanja pokazuju da je prisutan trend
porasta broja mladih, posebno medu studenatskom pop-
ulacijom, kod kojih dominiraju Zivotne navike okarak-
terisane kao nezdrave.

Istrazivanje koje je sprovedeno na uzorku od 240 ispi-
tanika, studenata Fakulteta za sport i turizam iz Novog
Sada i Visoke skole strukovnih studija za obrazovanje
vaspitaca i trenera iz Subotice, imalo je za cilj identi-
fikaciju neophodnih elemenata koji bi odrazavali kon-
strukt skale kojom se mogu utvrdivati osnovni elementi
percepcije aktivnog zivotnog stila kod studentske pop-
ulacije. Primenom namenski konstruisanog upitnika
(Percepcija Aktivnog Zivotnog Stila) izvrsena je pro-
cena jednog broja indikatora koji ukazuju na intenzitet
percepcije prisutnosti determinanti aktivnog Zivotnog
stila kod studenata

Dobijeni rezultati pokazuju da primenjeni upitnik od-
likuje 15 stabilnih indikatora (ajtema) i da skala PAZS
ima dobru unutrasnju saglasnost (Ch.alpha = .865).
Faktorskom analizom utvrdena je i odgovarajuca val-
idnost skale (KMO = 0.690; Sig.= 0.000), a analizom
glavnih komponenti postignuta je statisticki prihvatlji-
va parsimonija i definisana njena jednofaktorska struk-
tura. Ovaj upitnik je moguée primeniti kao jedinstvenu
skalu koja u manifestnom prostoru rezultira prosecnom
vrednoscu (skalarnim prosekom) izra¢unatom iz ocena
kojima ispitanici vrednuju pojedine aspekte individu-
alne percepcije aktivnog zivotnog stila.

Kljucne reci: percepcija, aktivni zivotni stil, skala, stu-
denti.

UDC: 613.71/.74:316.728-057.875
Original Scientific Paper

EVALUATION OF THE SCALE OF
PERCEPTION OF ACTIVE LIFESTYLE
OF STUDENTS

MiLAN NESIC!, VELIBOR SRDIC?, TATIANA JEZDIMIROVIC!
!Faculty of Sports and Tourism, Novi Sad;

’Paneuropean University Apeiron, College of Sports Sciences, Banja
Luka

Correspondence:

Milan Nesic, PhD

Faculty of Sport and Tourism,
University EDUCONS,

Radnicka 30a, 21000 Novi Sad, Serbia
mnesic08@yahoo.com

Abstract: In that context of ever more intensive affir-
mation of active lifestyle, the problem of the presence
of healthy lifestyle habits in the young population is to-
day one of the most frequently asked questions when
evaluating their conditions of life and work. Research
shows that there is a growing trend in the number of
youth, especially amongst the student population, who
predominantly exhibit lifestyle habits characterized as
unhealthy.

The research conducted on a sample of 240 examinees,
students of The Faculty for Sports and Tourism from
Novi Sad and the College of Vocational Studies for
preschool teachers and sports trainers from Subotica,
had as an aim to identify the necessary components that
would reflect the construct of the scale used to deter-
mine the basic elements of perception of active lifestyle
in the student population. By applying the purposefully
constructed questionnaire (Perception of Active Life-
style) an evaluation was conducted of a certain num-
ber of indicators pointing to perception intensity of the
presence of healthy lifestyle determinants in students.
The results show that the applied questionnaire is dis-
tinguished by 15 stable indicators (items), and that the
PAL scale has a good internal consistency (C. alpha
= .865). By factor analysis, a suitable scale validity
was determined (KMO = 0.690); (Sig=0.000), and the
analysis of main components achieved a statistically
acceptable parsimony and defined a single constituent
structure. It is possible to apply this questionnaire as
a unique scale that results in average value (scalar av-
erage) in manifested space, calculated from the grades
given by the examinees to certain aspects of individual
perception of active lifestyle.

Keywords: perception, active lifestyle, scale, students.
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Uvob

Za pojam zivotnog stila moze se re¢i da predstavlja
simbiozu prihvatanja odredenih vrednosti i ponasanja,
odnosno sacinjen je od spoja implicitnih i eksplicitnih
vrednosnih determinanti (ljudi se medusobno opazaju
kao pripadnici nekog zivotnog stila i deluju u skladu s
njim; usredsredeni su na primenu znanja, ponaSanja i
vrednosti kojima pridaju normativna znacenja — npr:
eticka, sportska, politicka i sl.) (Milisa & Bagari¢, 2012,
str. 85).

Savremena teorija i praksa koja se bavi pitanjima
zdravog nacina zivota kod mladih zastupa stanoviste
po kome je osnova aktivnog Zivotnog stila determinisa-
na skupom odredenih ponasanja, postupaka i/ili navika.
Ukoliko se one posmatraju parcijalno, svaka za sebe,
tada ne predstavljaju posebno ,,interesantne* odrednice
koje mogu znacajnije uticati na zdravlje. Medutim, ako
se odredeni obrazac ponaSanja mladog ¢oveka posmatra
(koji obuhvata sintezu pravilnih postupaka, zdravih navi-
ka i adekvatnog ponasanja i odnosa ,,prema samom sebi
i drugima“), tada se moze govoriti o aktivnom zivotnom
stilu (Nesi¢ i sar., 2015).

Pojedine aktuelne studije koje su radene poslednjih
godina (Kvaak, Meyer & Tverdal, 2004; Myint i sar.,
2007; Mededovi¢, Peri¢ i Ahmetovi¢, 2013) ukazale su
na nizak nivo fizicke i radne sposobnosti savremenog
coveka, $to kao posledicu ima nepovoljan uticaj na nje-
govo zdravlje. Za glavnog uzro¢nika je nedvosmisleno
proglasen tzv. ,,morbogeni trijas faktora* koji obuhva-
ta: hipokineziju, gojaznost i stresna prenaprezanja, tako
da se prihvatanje zdravih stilova zivota danas sve vise
propagira kao vazan zadatak drustva koji je usmeren na
ocuvanje javnog zdravlja. Stoga aktivni zivotni stil obje-
dinjuje svest i stalnu borbu protiv faktora rizika, odno-
sno aktivnosti za unapredenje kvaliteta zivota. Povecanje
nivoa fizicke aktivnosti i usvajanje pravilnih nutritivnih
navika dva su najcesce apostrofirana zadatka u prepo-
rukama zdravstvenih i kinezioloskih institucija (NesSi¢ i
sar., 2014).

Jedan broj istrazivanja, koja su intenzivnije povezana
i sa aktivnim Zivotnim stilom mladih, definisalo je sinta-
gmu —zdravi zivotni stil (healthy lifestyle). On se uglav-
nom definiSe kao aktivno bavljenje fizickim vezbanjem,
sportom i rekrecijom (Pierro, Mannetti & Livi, 2003), a
vezu sa aktivnim zivotnim stilom (active lifestyle) teme-
lji na istrazivanjima koje ga definiSu kroz identifikaciju
koli¢ine kretanja tokom odredenog vremenskiog perioda
(Nesi¢ 1 sar., 2014). Aktivan zivotni stil danas se smatra
jednom od najsnaznijih ,,uzdanica® na putu ka licnom
zdravlju 1 vitalnosti, u punom smislu ovih pojmova. Ova-

INTRODUCTION

The term lifestyle can be said to represent a sym-
biosis of accepting certain values and behaviours, mean-
ing that it consists of a joining of implicit and explicit
determinants of value (people interchangeably observe
each other as belonging to a certain lifestyle and act ac-
cordingly; they are focused on the application of knowl-
edge, behaviours and values characterized by normative
meanings — for e.g. ethical, sports, political etc.) (Milisa
and Bagari¢, 2012, pg. 85).

Modern theory and practice that deals with the is-
sues of healthy lifestyle in youth is of the standpoint
that the basis of active lifestyle is determined by a set of
certain behaviours, actions and/or habits. If they are ob-
served partially, each one individually, they are not par-
ticularly “interesting” determinants that can be of more
significance to health. However, if a certain pattern of
behaviour of a young person is observed (that includes a
synthesis of proper actions, healthy habits and adequate
behaviour and relation “towards oneself and others”)
then active lifestyle can be discussed (Nesi¢ et al., 2015).

Certain current studies made in recent years
(Kvaak, Meyer and Tverdal, 2004; Myint et al., 2007;
Mededovi¢, Peri¢ and Ahmetovi¢, 2013), have pointed
to a low level of physical and work ability of the mod-
ern person, which consequently has a negative influence
on health. Undoubtedly, the main cause is the so called
“morbifictrias of factors” that include: hypokinesia, obe-
sity and stressful exertion, so that, today, acceptance of
healthy lifestyles is even more promoted as an important
task of a society focused on maintaining public health.
Therefore, active lifestyle unifies the awareness and the
constant fight against risk factors, meaning activities im-
proving the quality of life. Increasing physical activity
and adopting proper nutritive habits are two most often
apostrophized tasks in the recommendations of health
and kinesiology institutions (Nesi¢ et al., 2014).

A certain number of research studies, which were
interlinked more intensely with an active lifestyle of
youth, were defined by the phrase healthy lifestyle. It is
mostly defined as actively engaging in physical exercise,
sports and recreation (Pierro, Mannetti and Livi, 2003),
and the link with active lifestyle is based on the research
that defines it by identifying the amount of motion during
a certain time period (Nesi$ et al., 2014). Today, active
lifestyle is considered to be one of the strongest “hopes”
on the journey to personal health and vitality, in the full
sense of these terms. Such context in the perception of
active lifestyle, i.e. healthy way of life, is represented
in the so called healthy lifestyle doctrine (Sharrkey and

6
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kav kontekst u poimanju aktivnog zivotnog stila, odnosno
zdravog nacina Zivota, zastupljen je kroz tzv. Zdravstvenu
doktrinu aktivnog stila Zivota (Sharrkey & Gaskill, 2008).
On obuhvata slede¢e medusobno integrisane komponen-
te: a) fizicku aktivnost, b) zdravu i pravilnu ishranu, c)
kontrolu telesne tezine, d) kontrolu stresa i f) sigurnosne
navike. Zdrav (aktivni) zivotni stil bi trebalo posmatrati
kao viSedimenzionalni sistem ponaSanja pojedinca koji
nije determinisan iskljucivo fizickim aktivnostima. Njega
odreduju i druga ponasanja i navike koje su povezane sa
zdravljem — pravilna ishrana, redovni prevetivni zdrav-
stveni i stomatoloski pregledi, redovna kontrola krvnog
pritiska, kontorla stresa, eliminisanje Stetnih Zivotnih na-
vika (konzumiranje alkohola, pusenje i sl).

U kontekstu ovog istrazivanja aktivni zivotni stil
je dimenzioniran kao segmentirani konstrukt ponaSanja
koje odrazava dominantu orijentaciju studenata ka navi-
kama koje ih orijentiSu prema aktivnom ponasanju u od-
nosu na odredene zivotne aktivnosti, odnosno, pojedine
sadrzaje koji dominantno sacinjavaju aktivan zivotni stil,
prema modelu zdravstene doktrine (Sharrkey & Gaskill,
2008). Kvantitativni iskazi, na ovakav nacin definisanog
zivotnog stila, a koji su posluzili za analizu njegovih
determinanti, obezbedeni su indikatorima instrumenta
istrazivanja kojim su obuhvaceni klju¢ni elementi aktiv-
nog zivotnog stila: 1) fizicka aktivnost, 2) navike u ishra-
ni, 3) odnos prema sopstvenom zdravlju, 4) stanje li¢nih
emocija i 5) sigurnosne navike.

METOD

Sprovedeno empirijsko istrazivanje realizovano je u
formi transverzalne studije, a imalo je za cilj identifika-
ciju neophodnih elemenata koji bi odrazavali konstrukt
skale kojom se mogu utvrdivati osnovni elementi percep-
cije aktivnog zivotnog stila kod studentske populacije.

Primenom namenski konstruisanog upitnika (Per-
cepcija Aktivnog Zivotnog Stila) izvr$ena je procena jed-
nog broja indikatora koji ukazuju na intenzitet percep-
cije prisutnosti determinanti aktivnog zZivotnog stila kod
studenata. Uzorak ispitanika je sacinjavalo 240 studenata
Fakulteta za sport i turizam iz Novog Sada i Visoke Skole
strukovnih studija za obrazovanje vaspitaca i trenera iz
Subotice. Subuzorkovanje je zasnovano na polnoj pri-
padnosti ispitanika.

Primenjeni instrument konstruisan je kao skala za
inidividualnu procenu osnovnih elemenata percepcije
aktivnog stila zivota. Konacnoj verziji upitnika pretho-
dilo je nekoliko probnih istrazivanja na studentskoj po-
pulaciji u Novom Sadu. Inicijalni upitnik se sastojao od
28 tvrdnji, ali je nakon provere metrike zadrzano 15 ajte-

Gaskill, 2008). It includes the following, mutually inte-
grated components: a) physical activity, b) healthy and
proper diet, c) weight control, d) stress control, and f)
safety habits. Healthy (active) lifestyle should be ob-
served as a multidimensional system of individual’s be-
haviour that is not exclusively determined by physical
activities. It is also determined by other behaviours and
habits that are linked with health — proper diet, regular
preventive health and dental examinations, regular blood
pressure control, stress control, eliminating harmful life-
style habits (consuming alcohol, smoking etc.).

In the context of this research, active lifestyle is
given dimension as a segmented behavioural construct
that reflects the dominant orientation of students towards
habits that guide them towards active behaviour in cer-
tain life activities, meaning certain contents that pre-
dominantly consist of active lifestyle, according to the
model of health doctrine (Sharrkey and Gaskill, 2008).
Quantitative accounts of, in this manner, defined lifestyle
that were used to analyse its determinants, are ensured
by using indicators of research instruments that include
key elements of active lifestyle: 1) physical activity, 2)
dietary habits, 3) relation towards own health, 4) the con-
dition of personal emotions and 5) safety habits.

METHOD

The conducted empirical research was realised in
the form of a transversal study, and had as its aim the
identification of necessary elements that would reflect
the construct of the scale, which can be used to deter-
mine the basic perception elements of active lifestyle in
the student population.

By applying the purposefully constructed question-
naire (Perception of Active Lifestyle) a certain number
of indicators were evaluated that point to the intensity
of perception of active lifestyle determinants in students.
The examinee sample consisted of 240 students of the
Faculty of Sports and Tourism from Novi Sad and the
College of Vocational Studies for preschool teachers and
sports trainers from Subotica. The sub-sampling was
based on the gender of the examinees.

The applied instrument was constructed as a scale
for individual evaluation of basic elements of active life-
style perception. The final version of the questionnaire
was preceded by several test researches on the student
population in Novi Sad. The initial questionnaire con-
sisted of 28 claims, however, after metrics testing, 15
items were kept. The examinees showed their evaluation
by selecting one of the five positions on a Likert type
scale, where the grade 1 was the lowest, and the grade
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ma. Ispitanici su svoju procenu iskazivali izborom jedne
od pet pozicija na skali Likertovog tipa, gde je ocena 1
predstavljala najnizi, a ocena 5 najvisi intenzitet percep-
cije prisutnosti svakog indikatora koji su Cinioci aktiv-
nog zivotnog stila, prema konceptu zdravstvene doktrine
(Sharrkey & Gaskill, 2008).

Metrika ove skale ocenjena je primenom dva po-
stupka: (1) proverom njene unutrasnje saglasnosti (Sca-
le Reliability Analysis xoja je 3acuoBana Ha Cronbach's
Alpha koeficijentu) i (2) faktorske analize (Principal
Components Analysis) sa oblimin metodom rotacije (Di-
rect Oblimin). Sva statisticka zaklju¢ivanja sprovedena
su na nivou znacajnosti od 0,05 (Sig. <,05).

REZULTATI 1 DISKUSIJA

Uzorak ispitanika u ovom istrazivanju karakterisalo
je ucesce ukupno 240 studenata koji pohadaju studijske
programe fizickog vaspitanja i sporta. Svi ispitanici su
validno popunili istrazivacki instrument, tako da nije bilo
nedostajuc¢ih podataka (Missing).

5 was the highest intensity of perception of the presence
of every indicator that is a factor of active lifestyle, ac-
cording to the concept of health doctrine (Sharrkey and
Gaskill, 2008).

The metrics of this scale was evaluated by apply-
ing two procedures: 1) by testing its internal consistency
(Scale Reliability Analysis that is based on Cronbach’s
Alpha coefficient) and 2) factor analysis (Principal Com-
ponents Analysis) with oblimin rotation method (Direct
Oblimin). All statistical conclusions had level of signifi-
cance of 0.05 (Sig. <.05).

REsuLTS AND DISCUSSION

The sample of examinees in this research is char-
acterized by the participation of 240 students who attend
physical education and sports study programmes. All the
examinees completed the research instrument validly, so
that there were no missing data (Missing).

Tabela 1. Uzorak ispitanika / Table 1. Examinee sample

Ispitanici / Examinees f %
student (m) / students (m) 141 58.8
studentkinje () / students (f) 99 413
Ukupno / Total 240 100.0
St. Dev. 493

Dobijeni rezultati analize metrike primenjene skale
pokazuju da ona ima dobru unutras$nju saglasnost, na Sta
ukazuje Kronbahov alfa koeficijent (Cronbach’s Alpha
= .865) koji je znacajno veé¢i od preporucene teorijske
vrednosti 0.7 (De Vellis, 2003). Svih 15 ajtema imalo je
visoku unutrasnju saglasnost, $to skali daje dobre metrij-
ske karakteristike 1 obezbeduje korektnu interpretabil-
nost dobijenih podataka (Tabela 2).

The results of metrics of the applied scale demon-
strate that it has good internal consistency, as indicated
by the Cronbach’s Alpha coefficient (Cronbach’s Alpha
=.865), which is significantly higher than the recommen-
ded theoretical value of 0.7 (De Vellis, 2003). All 15
items had good internal consistency, which gives the
scale good metric characteristics and ensures a correct
interpretability of the received data (Table 2).

Tabela 2. Koeficijenti unutrasnje saglasnosti skale PAZS / Table 2. Coefficients of internal consistency of PAL scale

ﬁ:;/ Pitanje / Question C'i'?lr::rancg;gg) dha
1 Redovnost bavljenja sportskim ili sportsko-rekreativnim sadrzajima / Regularity of engaging in sports or sports-recreational activities .854
2 Nivo svakodnevnih aktivnosti izvan kuce koje se obavljaju peSice / Level of everyday activities outside the house that are conducted by foot .860
3 Koris¢enje bicikla u obavljanju svakodnevnih poslova i aktivnosti / Using bicycles in conducting everyday tasks and activities .859
4 Boravak u prirodi (na izletu) tokom vikenda / Time in nature (a field trip) during the weekend .862
5 Procena sopstvene telesnu kondicije / Evaluation of own fitness .846
6 Trenutno zdravstveno stanje / Current health condition .857
7 Stanje liénih emocija / Personal emotions condition .860
8 Redovnost uzimanja obroka (najmanije tri puta dnevno) / Regularity of meals (at least three times a day) .854
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9 Kvalitet dnevnih obroka / Quality of daily meals 854
10 Redovnost konzumiranja dorucka / Regularity of consuming breakfast .853
11 Koris¢enje vode kao osnovnog dnevnog napitka / Using water as the means of basic everyday hydration .861
12 Kori§¢enje voca u dnevnoj ishrani / Using fruit in everyday diet .845
13 Kori§¢enje povréa u dnevnoj ishrani / Using vegetables in everyday diet .851
14 Redovnost odlaska na preventivne lekarske preglede / Regularity of attending preventive doctor examinations .849
15 Redovnost kontrole krvnog pritiska / Regularity of blood pressure control 847
Cronbach’s Alpha .865

U cilju procene validnost PAZS upitnika svih15
ajtema skale podvrgnuto je analizi glavnih komponenti
(PCA). Pre sprovodenja PCA, bila je ocenjena priklad-
nost podataka za faktorsku analizu. Pregledom korelacio-
ne matrice evidentirano je mnogo koeficijenata vrednosti
0.3 i vise. Prema Kajzer-Majer-Olkinovom kriterijumu
(Kaiser-Meyer-Olkin Measure of Sampling Adequacy)
neophodna preporucena vrednost od 0.6 (Kaiser, 1970,
1974) je u ovom slu€aju bila premaSena na statistic¢ki za-
dovoljavajuéem nivou (0.690). Takode je i Bartletov test
sferiCnosti (Bartlett’s test of sphericity) (Bartlett, 1954)
dostigao statisti€ku znaéajnost (Sig.= .000), §to sve uka-
zuje na faktorabilnost korelacione matrice.

Analiza glavnih komponenti dobijenih nakon Obli-
min rotacije, otkrila je prisustvo pet komponenti sa ka-
rakteristicnim vrednostima (Eiegenvalues) preko jedan,
koje objasnjavaju 35,68%, 10,40%, 9,17%, 7,84% i
7,12% varijanse. Medutim, dobijeni dijagram preloma
(Scree plot) pokazao je postojanje jasne tacke loma veé
iza prve komponente (Slika 1).

With the aim of evaluating the validity of PAL
questionnaire, all 15 scale items were subjugated to the
analysis of the main components (PCA). Before conduc-
ting PCA, data suitability for factor analysis was evalu-
ated. By inspecting correlational matrix, many coeffici-
ents of 0.3 and of higher value were recorded. Accor-
ding to the Kaiser-Meyer-Olkin criteria (Kaiser-Meyer-
Olkin Measure of Sampling Adequacy), the necessary
recommended value of 0.6 (Kaiser, 1970, 1974) was
exceeded in this case on a statistically satisfactory level
(0.690). Also, the Bartlett’s test of sphericity (Bartlett,
1954) achieved statistical significance (Sig.=.000), all of
which indicates the factorability of correlational matrix.

The analysis of the main components gained after
Oblimin rotation revealed the presence of five compo-
nents with characteristic values (Eiegenvalues) over one,
that explain 35.68%, 10.40%, 9.17%, 7.84% and 7.12%
of the variability. However, the scree plot indicated the
existence of a clear cut-off point right behind the first
component (Image 1).

Scree Plot

Eigenvalue
s

Component Number

Slika 1. Tacka preloma (Scree Plot) skale PAZS

Na osnovu Katelovog kriterijuma (Kattel,1966)
odluceno je da se zadrzi samo jedna komponenta. To su
podrzali i rezultati paralelne analize sa jednom kompo-
nentom Cije karakteristicne vrednosti premasuju odgova-

Image 1. Scree plot of PAL scale

Based on Kattel’s criterion (Kattel, 1966), it was
decided to keep only one component. This was suppor-
ted by the results of a parallel one component analysis
whose characteristic values exceed the suitable values
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rajuce vrednosti praga dobijene pomocu jednako velike
matrice slucajnih brojeva (15 varijabli x 240 ispitanika).
Ovakvo jednofaktorsko resenje (single component) obja-
snilo je prihvatljiv deo ukupne varijanse (35,68%), §to
je u skladu i sa preporuéenim procedurama tumacenja
rezultata faktorske analize (Pallant, 2009).

Svih 15 varijabli dalo je odgovaraju¢u faktorsku te-
zinu jedinoj ekstrahovanoj komponenti (Tabela 3) ¢ime
je utvrdeno da PAZS upitnik ima korektnu validnost, te
da se moze primenjivati kao samostalna multiajtemska
skala za procenu percepcije aktivnog zivotnog stila kod
studentske populacije.

of the threshold gained by using equally large matrix of
random numbers (15 variables X 240 examinees). Such
single component solution explained the acceptable part
of the total variance (35.68%), which is in accordance
with the recommended procedures of interpreting factor
analysis results (Pallant, 2009).

All 15 variables gave suitable factorial gravity to
the only extracted component (Table 3), which establis-
hed that the PAL questionnaire has correct validity, and
it can be applied as an independent multi-item scale for
the evaluation of active lifestyle perception in student
population.

Tabela 3. Deskriptivni pokazatelji PAZS skale / Table 3. Descriptive indicators of PAL scale

RB/ No Ajtemiskale / Scale Items Matrica strukture / Structure matrix Komunaliteti / Communalities
1 FA1 618 382
2 FA2 454 206
3 FA3 462 213
4 FA5 449 202
5 29 741 549
6 Z10 548 301
7 Z13 444 197
8 IS15 601 .361
9 1S16 626 392
10 1817 616 .380
11 1S18 A7 A74
12 1820 .760 578
13 1821 687 AT1
14 SN25 677 458
15 SN26 .700 490

KMO Measure of Sampling Adequacy = .690
Bartlett’'s Test of Sphericity = 1691.032 Sig.= .000

Utvrdenim elementima metrijskih karakteristika
primenjene skale dodatnu validnost daju i rezultati ana-
lize odgovora ispitanika kojima su iskazali intenzitet in-
dividualne percepcije aktivnog zivotnog stila. Uocljivo
je da nisu utvrdene statisticki znacajne razlike u odnosu
na polnu strukturu ispitanika, §to dodatno daje pozitivnu
dimenziju ovom instrumentu (Tabela 4). Ukupni skalar-
ni proces (3.49) iz Tabele 4 jasno pokazuje da studenti
pozitivno percepiraju prisustvo aktivnog zivotnog stila,
odnosno smatraju ga ¢iniocem svojih Zivotnih navika, §to
je 1 u skladu sa karakterom ispitanika (studenti sporta).
Medutim, nizak intenzitet skalarnih proseka na pozitiv-
nom delu skale, kako uzorka u celini, tako 1 subuzoraka,
otvaraju razlicita pitanja potencijalnih uzroka ovakvog

The validity of the determined elements of metric
characteristics of the applied scale is also aided by the
results of response analysis of the examinees who exhib-
ited intensity of individual perception of active lifestyle.
It is noticeable that no statistically significant differences
were determined in relation to gender structure of the ex-
aminees, which gives an additional positive dimension to
this instrument (Table 4). The total scalar process (3.49)
from table 4, clearly indicates that the students perceive
positively the presence of active lifestyle, meaning they
consider it a factor in life habits, as is in accordance with
the character of the examinees (students of sports). How-
ever, a low intensity of scalar averages on the positive
part of the scale, as much on the sample in total, so much
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stanja, §to predstavlja zadatak za eventualne buduce stu-
dije na istrazivackim uzorcima ovakvog tipa.

on the sub-samples, opens various questions regarding
the potential causes of such state, which is a task for pos-
sible future studies on the research samples of this type.

Tabela 4. Deskriptivni pokazatelji za skalu PAZS (One-Way Anova) / Table 4: Descriptive Indicators for PAL Scale (One-Way Anova)

Pol / Gender N Sv Std.dev. St.pog. F Sig
studenti (m) / students (m) 141 343 .685 .058
studentkinje (Z) / students (f) 99 3.58 .596 .060 2.982 .085
> 240 3.49 .653 .042

ZAKLJUCAK CoNcLUSION

Ova empirijska neeksperimentalna studija prikaza-
la je konstrukciju i primenu jednog upitnika podesnog
za procenu percepcije aktivnog Zivotnog stila kod stu-
denata. Sprovodenjem nekoliko probnih istrazivanja,
doslo se do definisanja ukupno 15 stabilnih indikatora
(ajtema), §to primenjenom upitniku (PAZS) daje dobra
metrijska svojstva. Primenom procedure za identifikaciju
unutrasnje saglasnosti skale (Scale Reliability Analysis)
dobijena je visoka vrednost koeficijenta alfa (0,865), a
faktorskom analizom je utvrdena i odgovarajuca valid-
nost skale Percepcija Aktivnog Zivotnog Stila (KMO =
0.690; Sig.= 0.000). Analizom glavnih komponenti pos-
tignuta je statisticki prihvatljiva parsimonija i definisana
jednofaktorska struktura. U tom kontekstu ovaj upitnik je
moguce primeniti kao jedinstvenu skalu koja u manifest-
nom prostoru rezultira prose¢nom vrednos¢u (skalarnim
prosekom) izracunatom iz ocena kojima ispitanici vred-
nuju pojedine aspekte individualne percepcije aktivnog
zivotnog stila.

Rezultate ovog istrazivanja bi trebalo tretirati i u
Sirem kontekstu koji karakteriSu sve izrazenije tendenci-
je da kod studentske populacije dominira izrazena fizicka
neaktivnost, a to je problem koji moze imati dugoro¢ne
implikacije na njihovo ukupno zdravlje. Narocito sa as-
pekta izbora buduceg zanimanja koje je, u ovom slucaju,
karakteristicno po svojoj osobenosti. Buduci pedago-
zi (sportski strucnjaci i vaspitaci) ,,moraju” biti mode-
li drustveno-prihvatljivog i zdravog ponasanja i nacina
Zivota.

Primena konstruisanog upitnika prikazana je na pri-
meru jednog broja studenata Fakulteta za sport i turizam i
Visoke skole strukovnih studija za obrazovanje vaspitaca
i trenera. Od narednih istrazivanja se ocekuje da prikaza-
ni upitnik provere i na drugim tipovima visokoskolskih
institucija i medu studentskom populacijom koja nije
dominantno opredeljena ka sportu, odnosno pedagos-
kom radu, kao svom budu¢em zanimanju. Polaze¢i od
dobrih metrijskih karakteristika dobijenih u ovoj studiji,

This empirical, non-experimental study has shown
the construction and the application of a questionnaire
suitable to evaluate the perception of active lifestyle in
students. By conducting several test researches, 15 stable
indicators (items) were identified in total, which gives
the applied questionnaire (PAL) good metric properties.
By applying identification procedure of internal consi-
stency (Scale Reliability Analysis) high value of alpha
coefficient was determined (0.865) and factor analysis
also determined a suitable validity of Perception of
Active Lifestyle scale (KMO =0.690; Sig.= 0.000). By
analysing the main components, a statistically accepta-
ble parsimony was achieved as well as a defined single
component structure. In this context, this questionnaire
is applicable as a unique scale that, in manifested space,
results in average value (scalar average) calculated from
the grades given by the examinees to the individual as-
pects of perception of active lifestyle.

The results of this research should be treated in a
wider context, which is characterized by the ever more
prominent tendency showing expressed physical inac-
tivity as predominant in the student population. That is
a problem that can have long-term implications on their
general health. Especially from the aspect of their future
career choice, which 1is, in this case, characteristic in its
uniqueness. Future educators (sports experts and pres-
chool teachers) “must” be the models of socially accep-
table and healthy behaviour and lifestyle.

The application of the constructed questionnaire is
demonstrated on the example of a number of students of
the Faculty of Sports and Tourism and the College for
Vocational Studies for preschool teachers and sports tra-
iners. It is expected of future research studies to evaluate
the presented questionnaire using other types of institu-
tions of high studies and amongst the student popula-
tion that is not predominantly oriented towards sports,
namely, towards pedagogical work as their future occu-
pation. Starting from good metric characteristics gained
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uz uvazavanje i odredenih ogranicenja ovog instrumenta,
realno je ocekivati da se upitnik pokaze pouzdanim i pri-
menljivim u praksi.
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Abstract: The article presents the results of studying taste perception thresholds phenylthiocarbamide (FTC) in medical students
in order to predict the genetic predisposition of their obesity and the nature of its course. Testing to the FTC, based on the method
of Harris and Kalmus (1949), conducted in 339 healthy young people aged from 17 to 29 years. Subjects offered strips of filter
paper soaked in solutions of various concentrations of FTC, starting with the lowest dilution to a clear sense of bitter taste. The
study found that among people who suffer from excessive and obese, almost twice as likely to occur non-testery compared with
healthy people. To recognize the bitter taste phenylthiocarbamide examined patients required significantly more concentrated
solutions of the FTC. The observed statistically significant differences in the characteristics of perceptual sensitivity thresholds
to allow the FTC to use this test to identify genetic predisposition to obesity.

Keywords: students, obesity, genetic predisposition.

INTRODUCTION

Increasing life expectancy has led to an increase in the global burden of non-communicable diseases, which are
the main cause of morbidity and mortality in the world. In this regard, in most developed countries more and more at-
tention is paid to preventive personalized medicine, which is based in the individual management of health and body
reserves in view of its genetic, physiologic, biochemical, metabolic or other individual characteristics.

The prospects of such an approach cannot be overestimated. Based on modern genetics achievements of mo-
lecular biology and bioengineering, it enables the use of high technologies (such as genetic testing, the study of
biomarker molecules, etc.). Not only to identify the pathological processes in the pre-clinical stage of the disease, but
also on the basis of an analysis of the data to predict a predisposition to certain diseases. However, the vast majority
of chronic diseases (with the exception of monogenic) develop, provided the combination of genetic predisposition
and environmental influences. Therefore, many genetic risks can never be realized over the life of the patient with the
timely adoption of targeted measures aimed at preventing the disease.

It has long been recognized that genetics plays a key role in shaping the constitutional peculiarities of the organ-
ism. Genetic predisposition to excessive accumulation of body fat and obesity runs in families and is a multifactorial
disease. To date more than 250 studied the role of genes in the development of obesity: leptin mutations in genes,
leptin receptor, hormone convertase 1 precursor, proopiomelanocortin, melanocortin-4 receptor, and SIM 1. These
studies help understand the molecular mechanisms that regulate energy balance in humans. However, genotyping at
loci associated with impaired fat metabolism, at the level of primary health care is irrational from an economic point
of view. Therefore, a search for markers of genetic susceptibility to obesity, the use of which would be low-cost,
fast and efficient for screening the population surveys in order to identify individuals at high risk for developing the
disease.

In genetic studies, widely used test of taste sensitivity to phenylthiocarbamide (FTC). Aleli TAS2R38 gene
whose chief locus located on chromosome 7q35-36, while the additional - on chromosome 16p (Drayna, 2003; Adler,
2000; Reed, 2000) and a configuration control G-protein receptors are expressed in the language of the gastrointes-
tinal tract and central nervous systems (Wu, 2002; Hao, 2008), and define the inherited ability or inability to feeling
the bitter taste of the FTC and the related class of compounds.

Sensitivity to the FTC study non-invasive, does not require significant financial cost, is fast and allows a short
time to obtain information about the state of the genotype of the subject.

Therefore, the establishment of the sensitivity of the status of the association to the FTC with a hereditary pre-
disposition to obesity in young people and the clinical features of disease would be possible to organize screening
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events in order to select the contingent for the primary prevention programs, as well as forecast for already developed
the disease and assist in the selection of treatment tactics. In this context, the aim of the research was to study the
genetic characteristics of obesity in young people in order to predict the predisposition of its development and trends.

MATERIALS AND METHODS

The basis of determining the sensitivity of the method was taken to phenylthiocarbamide, developed in 1949 by
Harris and Kalmus. In 100 ml of distilled water was dissolved FTC mass weighed 260 mg. It turns out the starting
solution (dilution 0), each subsequent dilution is reduced by half. Thus, we used a series of 14 dilutions in progression
FTC 2.6 g per 1 liter of distilled water with the presentation of the subject in order from the smallest value of n (0,08
mg / 1) until a clear sense of bitterness. The subject is asked to put on the area of the tongue strip of filter paper that
has been soaked in a solution of a known concentration of FTC, thus determining their individual ability or inability
to feel the bitter taste of the FTC: FTC + or FTK-.

Each trial began with the use of the solution with the lowest concentration of the drug phenylthiocarbamide. In
the case where the subjects confirmed that taste feel to verify their sensations they were asked to make one more sam-
ple (next to increase concentration). Upon confirmation of a positive result, the fixed number of previous breeding.

For this study were selected 339 healthy people aged between 17 and 29 years enrolled in VSMU residents of
the Central Black Earth region of Russia.

REsuLTS

data distribution sensitivity analysis to the FTC in the group of healthy subjects “Non-testers” are 54 people
(42,5%), “testers” — 73 persons (57.5%), while “absolute non-testers” are 7% of the surveyed — 51 people (40.1%),
and hypersensitive to the MTF (conscious of the bitter taste in dilutions from 10 to 14) are 22 persons (17.3%). With
an average level of sensitivity in the group corresponding to the threshold value “testers”, men have a higher thresh-
old of sensitivity to the FTC, in they feel the taste of the FTC in higher concentrations compared with women with
the level difference is statistically significant — table 1.

Table 1. Average thresholds of sensitivity to the FTC in a group of clinically healthy persons based on gender

Gender Sensitivity average value to the FTC
Men (n = 42) 38+05
Women (n = 85) 6.2+04*
In the total sample (n = 127) 54+04

*-p =0.001 compared to men

These comparative analysis of anthropometric indices in the group of healthy persons showed that the «non-
testers» differ significantly large values of height and weight in comparison with the «testers», and there was a trend
to higher values of body mass index from the «non-testers», although the difference in this indicator between sub-
groups did not reach a statistically significant level — table 2.

Table 2. Mean values of anthropometric parameters of clinically healthy individuals, depending on the sensitivity of the status

to the FTC
TTeEerE Health n = 127 Healthy “testers” Healthy “non-testers”
n=73 n=54
Height (cm) 170.81 £ 0.79 169.38 +0.92 172.74 £1.33*
Weight (kg) 63.81+1.18 60.66 + 1.20 68.06 +2.12*
BMI (kg / m2) 21.75+0.30 21.06 +0.31 22.69 +0.55
*_p <0.05
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Comparative analysis of the frequency of overweight and obesity in a group of healthy persons showed that
overweight is more common among subjects «non-testers» in comparison with «testers», 1 degree of obesity was
noted only among the «non-testers.» Obesity Cases 2 and 3 degrees among clinically healthy individuals revealed

was not — table 3.

Table 3. The frequency of overweight and obesity in a group of healthy subjects, depending on the sensitivity to the status of

the MTF
Healthy Healthy “testers” Healthy “non-testers”
Disease n=127 n=73 n =54
Abs. (Pers.) Rel. (%) Abs. (Pers.) Rel. (%) Abs. (Pers.) Rel.(%)
Overweight 16 12.6 5 6.8 1" 20.3
Obesity1 degree 4 31 0 0 4 74

Results of the analysis of obesity anthropometric parameters are shown in table 4.

Table 4. Anthropometric parameters of obese patients

Obese patients

Indicator Obes'1e=pg:ients Obese pa;ie:; “testers” “non-testers”
n =24
Height (cm) 167.2+1.2 167.4+1.7 167.0+1.8
Weight (kg) 779423 76.3+2.6 796+4.0
BMI (kg / m2) 28.7+0.8 27.3+09 302+14*

* - p <0-05 as compared to the «testersy»

As can be seen from the data, the average BMI «non-testers» corresponds to obesity I degree and higher than for
«testers» and the average value in the total group of patients with obesity, relevant overweight.

Analysis of the frequency of excess weight in obese patients according to table 5 also confirms a high prevalence
of overweight in “testers” and the highest number of patients with obesity 1 degree among the “non-testers.” Please
note that the obesity grade 3 patients identified only among the “non-testers.”

Table 5. Obesity and overweight rate in obese patients, depending on the sensitivity of the status to the FTC

Patients with obesity

Patients with obesity Patients with obesity “testers” - T
) n =51 n=27 non-testers
Disease n=24
Abs. (Pers.) Rel. (%) Abs. (Pers.) Rel. (%) Abs. (Pers.) Rel.(%)
Overweight 16 314 " 40.7 5 20.8
Obesity 1 degree 8 74 6 15.7 2 25.0
Obesity 2 degree 6 1.8 3 1.1 3 12.5
Obesity 3 degree 2 39 0 0 2 8.3

In the analysis of the relation “testers” and “non-testers” in the study groups (Fig. 1) found that their distribution
in the group of healthy corresponds to the literature data for Caucasian individuals with predominance of “testers” of
“non-testers.” And in the group of obese patients observed distribution of inversion: the share of “non-sensitive” exceeds
the percentage taste the FTC. Thus, it can be assumed that the status of insensitivity to FTC risk associated with obesity.
In the study of family history in patients who are obese, being overweight and obesity in first-degree relative was
found in 27 cases (20.8%), 10 of them are “testers” and 17 “non-testers.” The percentage of patients with a family

history of obesity, is shown in Figure 1.

15

Juni/dune, 2016



L.LE. ESAULENKO, ET AL.:
PERSONALIZED APPROACH TO EARLY DETECTION AND PREVENTION OF OVERWEIGHT IN YOUNG PEOPLE SPORTSKE NAUKE 1 ZDRAVLIE 6(1):13-17

Fig. 1. Prevalence of family history of obesity in a group of obese patients, depending on the sensitivity of the status to the FTC

o without a family history of
ohesity

W family history of obesity
"testers”

family history of obesity, "non-
testers"

From the data presented in the figure can be seen that among patients with a family history of obesity, the pro-
portion of “non-testers” almost twice as high as “testers”.

Comorbidities of patients in the group with obesity were observed in 70% of cases (36). The structure and the
frequency of occurrence of comorbidity presented in — tab. 6.

Table 6. The frequency of co-morbidities in obese patients

Patients with obesity

Patients with obesity Patients with obesity “testers” - .
) n =51 n=27 non-testers
Disease n=24
Abs. (pers.) Rel. (%) Abs. (pers.) Rel. (%) Abs. (pers.) Rel. (%)
Hypertensive heart
disease 23 45 10 37 13 54
Diabetes mellitus 5 98 3 M 2 83
type 2
CHD angina FC 1-2 6 12 3 1.1 3 125
June
Chronic pancreatitis 2 4 1 37 1 41
Chronic cholecystitis 2 4 1 3.7 1 4.1
Urolithiasis,
pyelonephritis 4 78 4 15 0 0
Osteoarthritis 2 4 1 37 1 41

As can be seen from the data, the subgroup “testers” and “non-testers” comorbidity comparable in frequency,
but all cases of urolithiasis and pyelonephritis account only the “testers”, and hypertensive disease is slightly more
common in “non-testers.”

These subjective assessment of the overall health of the patient, the effect of existing conditions in the physical,
mental capacity, ability for social interaction and the overall level of mental health in accordance with the SF-36
questionnaire are presented in tab. 7.

Table 7. Quality of life parameters on the SF-36 in patients with obesity

Obese patients

Index Obese patients Patients with obesity “testers” e ——
(Score) n =51 n=27 _
n=24
GH 4521+1.74 41.67 £2.50 49214217
PF 30.39 £ 3.52 31.67+4.21 28.96 £ 5.88
RP 14,70 £ 4.44 14.81+6.15 14.58 + 6.54
RE 26.21£5.71 19.85+6.73 33.37 £9.41
SF 4241 +£1.82 42.85+2.33 4192 +£2.89
BP 80.02 £ 4.17 79.67 £5.63 80.42 £6.32
VT 42.65+2.29 42.96 + 2.56 42.29 £ 4.00
MH 54.58 +2.47 54.81 +3.08 54.33 +4.01
*-p <0.05
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As can be seen from the data, significant differences between the subgroups of «testers» and «non-testers» on
the scale of quality of life questionnaire SF-36 is also not revealed, except the indicator of GH, which characterizes
the general level of health. Using this parameter «non-testers» show a higher score indicating a better state of health.

CoNCLUSION

Taste sensitivity test to the FTC is an affordable and quick way to diagnose a predisposition to excessive accumu-
lation of body fat in young adults, which can be used at the level of primary health care to identify individuals increa-
sed risk of developing obesity to develop individual prevention programs. The study also taste sensitivity to FTC can
help in predicting the course of the disease and the effect of traditional therapy.

The practical implementation of research results is not only medical, but also social and economic importance,
since the use to create an effective model of forecasting and early diagnosis of obesity in young people, will prevent
development of the disease and its associated conditions, reduce morbidity, healthcare costs for treatment and main-
tenance this category of the population, improve the quality of life of patients and maintain the ability to work.

The results can be used in medical practice for current and future planning cross-sectoral, sectoral and regional
youth health programs based on the rational allocation of health care resources, as well as the justification of the in-
vestment policy in the social sphere and in health care.
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Sazetak: Ovo istrazivanje je provedeno s ciljem utvrdi-
vanja relacija izmedu motorickih sposobnosti i tehnic-
ko-taktickih karakteristika stolnotenisaca. Istrazivanje
je provedeno na uzorku od 48 najboljih seniora uzra-
sta od 18-36 godina (reprezentativni uzorak) u Bosni
i Hercegovini. U tu svrhu primjenjen je sustav od (12)
varijabli za procjenu baziénih motori¢kih sposobnosti,
i (8) varijabli za procjenu tehnicko-taktickih karakteri-
stika stolnotenisaca. U cilju utvrdivanja relacija izmedu
bazi¢nih motori¢kih sposobnosti i tehnicko-taktickih
karakteristika stolnotenisaca primjenjena je metoda ka-
nonicke korelacijske analize. Dovodenjem u vezu ova
dva prostora rezultiralo je izdvajanjem jednog kanonic-
kog faktora koji je statisticki znacajan. Najrelevantnije
informacije za izdvojenu kanoni¢ku kumponentu daju
koeficijenti strukture i kros-strukture. Koeficijenti struk-
ture reprezentiraju korelacije izvornih varijabli s kano-
nickom komponentom dobivenom iz skupa varijabli
kome ta varijabla izvorno pripada, dok koeficijenti kros-
strukture daju korelacije odgovarajuce izvorne varijable
s kanoni¢kom komponentom koja je nastala u drugom
setu varijabli. Na izoliranu kanoni¢ku funkciju najveéi
znacaj imaju varijable taping rukom, bacanje medicinke
1kg forhendom, dohvat u sijedu, skok u dalj s mjesta,
dok takoder ne$to manji znacaj pokazuju druge varijable,
ali iz istih potprostora bazi¢nih motorickih sposobnosti.
Temeljem koeficijenata strukture moze se rezimirati da
sve tehnic¢ko-takticke karakteristike visoko koreliraju sa
¢imbenikom izdvojenim iz ovog prostora sto je i logi¢no
jer sve manifestne varijable predstavljaju jedan prostor
(tehnicko umijece/vjestina igranja). Varijable koje su
vezane za fazu napada (inicijativa u poenu) i elemenata
kretanja u igri (sigurnost i u¢inkovitost u napadackoj igri
iznad stola, sigurnost i ucinkovitost prvog ulaza, u¢in-
kovitost kretanja u igri) znacajnije su povezane s kano-
nickim ¢imbenikom izdvojenim u prostoru motorickih
sposobnosti. Navedene varijable opisuju tehnicke struk-
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Abstract: This study was conducted with aim to deter-
mine the relations between motor skills and technical and
tactical characteristics of table tennis players. The study
was conducted on a sample of 48 of the best seniors with
aged 18-36 years old (a representative sample) in Bosnia
and Herzegovina. For this purpose was applied the system
of (12) variables to estimate the basic motor skills, and (8)
variables for evaluation of technical and tactical charac-
teristics of table tennis players. In order to determine the
relations between the basic motor skills and technical and
tactical characteristics of table tennis players, the method
applied was the method of canonical correlation analysis.
Establishing the link between these two areas resulted in
the separation of one canonical factor which was statis-
tically significant. The most significant information for
extracted canonical component gives the coefficients
of the structure and the cross-structure. The coefficients
of the structure represent the correlations of the original
variables with canonical component derived from a set of
variables to which this variable originally belongs, while
coefficients of cross- structure provide correlations of ad-
equate source variables with canonical component that
was created in other set of variables. Onto the isolated
canonical function the most significant influence have the
variables of hand tapping, throwing a medicine 1kg ball by
forehand, boom in gray, long jump from the place, while
also slightly smaller significance show other variables, but
from the same subspaces of basic motor abilities. Based
on the coefficients of the structure can be summarized that
all the technical and tactical characteristics highly corre-
late with the factor isolated from this area which is logical,
because all manifest variables represent one area (tech-
nical skills / playing skill). The variables that are related
to the attack phase (initiative in points) and elements of
game movement (the safety and effectiveness of the attack
over the table, safety and efficacy of the first entrance, ef-
ficiency of game movement) are significantly associated
with canonical factor isolated in the area of motor abili-
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ture u kojima se ,,namecée i odrzava inicijativa u poe-
nu, a predstavljaju najagresivnije napadacke tehnike te u
pravilu traze najveci motoricki angazman. Stoga nije ni-
kakvo iznenadenje Sto su upravo ove varijable tehnicko-
takticke strukture najznacajnije povezane s ¢cimbenikom
izdvojenim u prostoru motorickih sposobnosti.

Kljuéne rijec€i: stolnotenisaci, motoricke sposobnosti,
tehnicko-takticke karakteristike, kanonicka korelacij-
ska analiza.

Uvob

Suvremena stolnoteniska igra se karakterizira brzi-
nom segmentarnih pokreta (ekstremiteta), eksplozivnom
snagom, brzinom reakcije udarca uz optimalno savlada-
vanje (poznavanje) rotacije loptice koja u velikoj mjeri
utjece na samu izvedbu pojedinih udaraca-topspin eleme-
nata u cijelom prostoru igre (Kondri¢, Hudetz, Kosc¢ak,
Slatinsek, i Cerar, 2007). Brzina i spin su dva klju¢na
elementa modernog sporta koji se igra s reketom. Brzina
loptice je relativno vidljiva i od strane samog gledatelja,
ali rotaciju loptice ili spin nije lako detektirati (Chiu i Tu,
2006).

Stolni tenis je kroz povijest iznimno napredovao,
igra se ubrzala, poeni su brzi a udarci snazniji i precizniji.
Slozenost izvodenja pojedinih tehnicko-taktickih eleme-
nata 1 veliki raspon udaraca trazi od igrac¢a maksimalnu
fizicku i psihicku pripremu (Fei, i sur. 2010).

Slozenost stolnoteniskog sporta dovela je do per-
fekcije pojedine tehnicko-takticke postavke u igri, te
samim tim i pojedini stolnoteniski profili igraca imaju
vaznu ulogu u postizanju s§to boljeg rezultata u ovom di-
namic¢nom sportu. Specificnost stolnoteniske igre dovela
je do toga da stolnotenisaci za razliku od drugih sportasa
pokazuju u prostoru motorike vecu fleksibilnost, supe-
riornost u eksplozivnoj snazi, brzu frekvenciju pokreta,
agilnosti, superiornost u situacijskoj preciznosti, (Poki¢,
2007).

Ovo istrazivanje ¢e doprinijeti boljem razumjevanju
pojedinih sustava stolnoteniske igre te omoguciti dobiva-
nje vaznih saznanja o relacijama motorickih sposobnosti
i tehni¢ko-taktickih karakteristika stolnotenisac¢a. Ovim
istrazivanjem ¢e se pokusati definirati odredeni tehnic-
ko-takticki profili igraca s obzirom na njihove motoricke
sposobnosti i1 tehni¢ko-takticke karakteristike.

Osnovni cilj ovog istrazivanja je utvrdivanje rela-
cija izmedu motorickih sposobnosti i tehnicko-taktickih
karakteristika stolnotenisaca.

ties. These variables describe technical structures in which
“imposes” and maintains the initiative in the point, and are
the most aggressive attack techniques, and generally seek
the largest motor engagement. No surprises then that ex-
actly these variables of technical and tactical structures are
significantly associated with the factor isolated in the area
of motor abilities are the most important.

Keywords: table tennis players, motor abilities, technical
and tactical characteristics, canonical correlation analysis.

INTRODUCTION

Contemporary table tennis game is characterized by
speed of segmented movements (limbs), explosive strength,
speed reaction of the hit/impact with the optimal overcom-
ing (the knowledge) the rotation of the ball, which largely
affects the very performance of individual hits- topspin ele-
ments in the entire game area (Kondri¢, Hudetz, Koscak,
Slatinsek, & Cerar, 2007). Speed and spin are the two key
elements of modern sport that is played with a racquet.
Speed of the ball is relatively visible by the viewer himself,
but the rotation of the ball or the spin is not easy to detect
(Chiu & Tu, 2006).

Throughout the history table tennis has extremely
advanced, the game speeded up, points are faster and hits
stronger and more precise. The complexity of the perfor-
mance of individual technical and tactical elements and a
wide range of strikes require of players maximum physical
and mental preparation (Fei, et al., 2010).

The complexity of the table tennis sport led to the per-
fection of the individual technical and tactical settings in the
game, and thus the individual profiles of table tennis players
play an important role in achieving the best results in this
dynamic sport. Specificity of the table tennis game led to
the fact that table tennis players, unlike other athletes, show
in the area of kinesiology greater flexibility, superiority in
explosive strenght, faster movement frequency, agility, su-
periority in the situation precision, (Djokic, 2007).

This research will contribute to a better understanding
of individual table tennis systems of the game, and provide
the relevant information on relations of motor skills and
technical and tactical characteristics of table tennis players.
This research will try to define certain technical and tactical
player profiles considering their motor skills and technical
and tactical characteristics.

The main goal of this research is to determine the rela-
tion between motor skills and technical and tactical charac-
teristics of table tennis players.
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METODOLOGIJA ISTRAZIVANJA

Uzorak ispitanika

Uzorak ispitanika ¢ini 48 najboljih seniora uzrasta
od 18-36 god. (reprezentativni uzorak) u Bosni i Herce-
govini. Uzorak ispitanika je odabran temeljem kvalifika-
cijskog turnira svih registriranih stolnotenisaca Bosne i
Hercegovine. Najboljih 48 stolnotenisaca s kvalifikacija
su izborili sudjelovanje na drzavnom prvenstvu.

Uzorak varijabli

Varijable motorickih sposobnosti

Za procjenu bazi¢nih motorickih sposobnosti upo-
trijebljeni su standardizirani testovi (Miki¢, 2000; Ahme-
tovi¢, 1987). Testovi su kroz dosadasnja istrazivanja po-
kazali zadovoljavajuce metrijske karakteristike.

Procijenjene su sledec¢e motoricke sposobnosti. ek-
splozivna snaga, repetitivna snaga, koordinacija-agil-
nost, brzina frekvencije pokreta i fleksibilnost

Za procjenu eksplozivne snage primjenjeni su slje-
deci testovi:

1. (MFESDM) - skok u dalj s mjesta

2. (MFE20V) — trcanje iz visokog starta na 20 metara

3. (MESFOR) - bacanje medicinke 1kg imitacijom for-

hend tehnike*
4. (MFEBML) — bacanje medicinke iz lezanja na ledima

*Kinezioloski fakultet u Zagrebu

Za procjenu repetitivne snage primjenjeni su slje-
deci testovi:

1. (MRCDLC) - lezanje —sijed za 30 s

2. (MRCIST) - ispravljanje trupa

Za procjenu koordinacije — agilnosti primjenjeni su
sljedeci testovi:

1. (MAGTUP) — tr¢anje u pravokutniku — koverta test

2. (MAGKUS) — koraci u stranu

Za procjenu brzine frekvencije pokreta primjenjeni
su sljedeci testovi:

1. (MBFTAP) — taping rukom

2. (MBFTAN) — taping nogom

Za procjenu fleksibilnosti primjenjeni su sljedeci
testovi:

1. (MFLDSI) — dohvat u sijedu
2. (MFLISK) — iskret s palicom

Varijable za procjenu tehnicko-taktickih karak-
teristika igraca

Ove varijable su odabrane temeljem rezultata dosa-
dasnjih znanstvenih istrazivanja te na teoretskim (strucna
stolnoteniska literatura) i empirijskim znanjima vezanim
uz karakteristike stolnoteniskog sporta, (Poki¢, 2001;
Munivrana, 2011), koji su doprinijeli rjeSavanju tehnic-
ko-taktickih zahtjeva same igre.

RESEARCH METHODOLOGY

Pattern of respondents

Pattern of respondents was made of 48 best seniors
aged from 18-36 years old (representative sample) in
Bosnia and Herzegovina. The sample respondents were
selected based on Qualifications tournament of all reg-
istered table tennis players in Bosnia and Herzegovina.
The top 48 table tennis players from qualification have
won to participate in National Championship.

Pattern of variables

Motor skills variables

For the evaluation of basic motor skills were used
standardized tests (Mikic, 2000; Ahmetovic, 1987).
Tests, through previous studies have shown satisfactory
metric characteristics/properties.

The following motor skills were evaulated: explo-
sive strength, repetitive strength, coordination — agility,
speed of movement frequency and flexibility.

For the assessment of explosive strength following

tests were applied:
1. (MFESDM) - long jump with places
2. (MFE20V) - running from a standing start to 20 meters
3. (MESFOR) - lkg medicine ball toss imitating the
forehand technique *
4. (MFEBML) - throwing a medicine ball from lying
on the back

* Faculty of Kinesiology in Zagreb

For the assessment of repetitive strength the follow-

ing tests were applied.:
1. (MRCDLC) - Lying — sitting for 30 seconds
2. (MRCIST) - lifting the trunk

For the assessment of coordination - agility the fol-

lowing tests were applied:
1. (MAGTUP) - running in a rectangle - envelope test
2. (MAGKUS) - side steps

For the assessment of speed movement frequency

the following tests were applied:
1. (MBFTAP) - hand tapping
2. (MBFTAN) - foot tapping

For the assessment of flexibility the following tests

were applied:
1. (MFLDSI) - reach while sitting
2. (MFLISK) — twist with the handle

The variables to assess the technical and tactical
characteristics of players

These variables were selected based on the results
of previous scientific research and the theoretical (profes-
sional table tennis literature) and empirical knowledge
concerning the characteristics of table tennis sport (Djokic,
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Za procjenu tehnicko-taktickih karakteristika igra-
Ca primjenjene su sljedece varijable:

e Faza pripreme vlastitog i onemogucéavanje
protivnickog napada (protivniku se nastoji
onemoguciti stjecanje incijative u poenu te se
nastoji ostvariti vlastita napadacka prednost).

1. (EFSERYV) - Ucinkovitost servisa

2. (EFOPIO) - U¢inkovitost u onemoguéavanju protiv-
nickog i pripremi vlastitog napada

e Faza napada (igrac prvi ulazi i ima inicijativu
u poenu)

1. (SIEFNA) - Sigurnost i u¢inkovitost u napadackoj
igri iznad stola

2. (SIEFPU) - Sigurnost i u¢inkovitost prvog ulaza

3. (EFKONA) - Ucinkovitost u kontinuiranoj napadac-
koj aktivnosti

e Faza obrane (igra u fazi kada je protivnik prvi
ostvario inicijativu u poenu)

(EFPAOB) - U¢inkovitost u pasivnoj obrani
(EFAOBR) - Ucinkovitost u aktivnoj obrani

DN

Elementi kretanja (sve vrste kretanja u igri)
(EFKREI) - Ucinkovitost kretanja u igri

[SY
.

Metode obrade podataka

Relacije izmedu istrazivanih prostora utvrdene su
kanonickom korelacijskom analizom. U skladu s ovom
metodom izraCunate su vrijednosti: koeficijent kanonicke
korelacije izmedu dva niza kanonickih varijabli R, njima
pripadajuci koeficijent determinacije (R,) vrijednosti HI-
kvadrat testa (H,) stupnjeva slobode (DF) i vjerojatnost
javljanja pogreske zakljucivanja (P).

REZULTATI I DISKUSIJA

Relacije motorickih sposobnosti — tehnicko-

taktickih karakteristike stolnotenisaca

U ovom istrazivanju prostor tehnicko-taktickih
karakteristika stolnotenisaca reflektiran je preko 8 vari-
jabli koje operacionaliziraju prostor tehni¢ko-takti¢kih
karakteristika (u¢inkovitost servisa, u¢inkovitost u one-
mogucavanju protivnickog i pripremi vlastitog napada,
sigurnost 1 uéinkovitost u napadackoj igri iznad stola,
sigurnost i u¢inkovitost prvog ulaza, u¢inkovitost u kon-
tinuiranoj napadackoj aktivnosti, u¢inkovitost u pasiv-
noj obrani, u¢inkovitost u aktivnoj obrani, uc¢inkovitost
kretanja u igri). Prostor bazi¢nih motorickih sposobnosti
stolnotenisaca obuhvatio je 12 varijabli.

Operacionalizacija motori¢kih sposobnosti izvrSe-
na je posredstvom 12 sljedec¢ih varijabli: skok u dalj s
mjesta, tréanje iz visokog starta na 20 metara, bacanje

2001 Munivrana, 2011), which contributed to solving the
technical and tactical demands of the game itself.

For the assessment of the technical and tactical char-

acteristics of players the following variables were applied:

* The preparation phase of their own and dis-

abling opponent attack (you endeavor to pre-

vent the opponents’ achieving in points and try-

ing to achieve its own offensive advantage).

1. (EFSERYV) - The efficiency of service

2. (EFOPIO) - The effectiveness in preventing the oppo-
nents’ attack and in preparation of your own attacks

* Phase of the attack (player first enters and

owns the initiative in points)
1. (SIEFNA) - Sureness and effectiveness in attacking
game over the table
2. (SIEFPU) - Sureness and efficacy of the first entrance
3. (EFKONA) - Efficiency in continuous attack activity

¢ Phase of the defense (game at the stage when the

opponent has first achieved the initiative in points)
1. (EFPAOB) - The effectiveness of the passive defense
2. (EFAOBR) - The effectiveness of the active defense

¢ The elements of movement (all kinds of move-
ment in the game)
1. (EFKREI) - The efficiency of movement in the game
ethods for data analysis

Relations between the studied areas were determined
by canonical correlation analysis. In accordance with this
method these values were calculated: coefficient of cano-
nical correlation between the two lines of canonical varia-
bles R, accompanying coefficient of determination (R 2 )
value of HI-square test (H ,) degrees of freedom (DF) and
the probability of conclusion mistake occurrence (P).

REsuLTs AND DIScUSSION

Relations of motor skills - technical and tactical

characteristics of table tennis players

In this research area of technical and tactical cha-
racteristics of table tennis players is reflected through 8
variables that operate the area of technical and tactical
characteristics (efficiency of service, efficiency in preven-
ting the opponents’ attack and the preparation of your own
attacks, sureness and efficiency in the attacking game over
the table, the sureness and efficacy of the first entrance,
efficiency in continuous attack activities, the effectiveness
of the passive defensive, efficiency in active defense, effi-
ciency of game movement). Area of basic motor abilities
of table tennis players included 12 variables.

Operating the motor skills was carried out through
12 following variables: long jump with places, running
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medicinke 1kg imitacijom forhend tehnike, bacanje me-
dicinke iz lezanja na ledima, lezanje-sijed za 30 sekundi,
ispravljanje trupa, tréanje u pravokutniku, koraci u stra-
nu, taping rukom, taping nogom, dohvat u sijedu, iskret
s palicom.

Dovodenjem u vezu ova dva prostora rezultiralo je
izdvajanjem jednog kanonickog faktora koji je statisticki
znacajan. Relacije izmedu tehnicko-taktickih karakteri-
stika stolnotenisaca i motorickih sposobnosti prikazane
suu (7ablici 1.).

from a standing start to 20 meters, throwing 1kg medicine
ball imitating forehand technique, throwing a medicine ball
from lying on the back, lying-sitting for 30 seconds, lifting
the trunk, running in rectangle, side steps, hand tapping, foot
tapping, reach while sitting, twist with the handle.

Establishing the link between these two areas resulted
with the separation of one canonical factor that is statisti-
cally significant. Relations between technical and tactical
characteristics of the table tennis players and motor skills
are shown in (Table 1).

Tablica 1. Kanonicke korelacije i testovi znacajnosti za varijable iz skupa tehnicko-takticke karakteristike i motoricke sposob-
nosti stolnotenisaca / Table 1. Canonical correlation and tests significant for the variables from a set of technical and tactical
characteristics and motor skills of table tennis players

P p? F-test

df1 df2 P

175 .56 58.36

2 46 .000

p = kanonicka korelacija, p* =koeficijent kvazikanonicke determinacije /
p = canonical correlation, p > = coefficient of canonical determination

Magnituda kanoni¢ke korelacije iznosi p=.75 S§to
znaci da izolovani ¢cimbenik obuhvaca oko 56% kanonic-
ke varijance ova dva skupa varijabli.

Za smislenu interpretaciju relevantni su kanonicki
koeficijenti koji predstavljaju pondere kojima se multi-
pliciraju izvorne varijable kako bi se formirala odgovara-
juca kanonicka komponenta, no najrelevantnije informa-
cije daju koeficijenti strukture i kros-strukture (7ablica
2.). Koeficijenti strukture reprezentiraju korelacije izvor-
nih varijabli s kanonickom komponentom dobivenom iz
skupa varijabli kome ta varijabla izvorno pripada, dok
koeficijenti kros-strukture daju korelacije odgovarajuce
izvorne varijable s kanonickom komponentom koja je
nastala u drugom setu varijabli. Koeficijenti sklopa nisu
analizirani jer se radi o slu¢aju samo s jednim izdvojenim
¢imbenikom.

The magnitude of the canonical correlation is p =
.75, which means that an isolated factor comprises about
56% of canonical variance of these two sets of variables.

For a meaningful interpretation of the relevant ca-
nonical coefficients representing ponders which multiply
the original variables in order to form a corresponding
canonical component, but the most relevant information
provide structure and cross-structure coefficients. (7able
2). The coefficients of structure represent the correlati-
ons of the original variables with canonical component
derived from a set of variables to which this variable
originally belongs, while coefficients of cross- structu-
re provide correlations of adequate source variable with
canonical component that was created in the other set of
variables. The coefficients of the set were not analyzed
because it is a case of just one isolated factor.

Tablica 2. Kanonicki koeficijenti, struktura i kros-struktura tehnicko-taktickih karakteristika na izdvojeni kanonicki faktor /
Table 2. Canonical coefficients, structure and cross-structure of technical and tactical characteristics onto the isolated canonical factor

Kanonicki koeficijenti /

Koeficijenti Strukture / koeficijenti kros-strukture /

Canonical coefficients Structure coeficients Cross-structure coeficients
UCinkovitost servisa / The eficiency of service -.319 -.801 -525
Onemaog.protiv.nap. / Disabling the op.attack -.333 -.830 -.548
U¢ink.napad.igre / The efic. of att.game -417 -.870 -.687
Sigurnost prvog ulaza / Sureness of fr.entrance -438 -.885 -721
Kontinuirani napad / Continuous attack -314 -.702 -518
Pasivna odbrana / Passivve defense -.249 -.634 -409
Aktivna odbrana / Active defense -.296 -.765 -.488
Uginkovitost kretanja / The effic.of movement -416 757 -.686
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Temeljem koeficijenata strukture moze se rezimirati
da sve tehnicko-takticke karakteristike visoko koreliraju
sa ¢imbenikom izdvojenim iz ovog prostora $to je i logi¢-
no jer sve manifestne varijable predstavljaju jedan pro-
stor (tehni¢ko umijece/vjestina igranja). Varijable koje su
vezane za fazu napada (inicijativa u poenu) i elemenata
kretanja u igri (sigurnost i u¢inkovitost u napadackoj igri
iznad stola, sigurnost i uc¢inkovitost prvog ulaza, ucin-
kovitost kretanja u igri) znacajnije su povezane s kano-
nickim ¢imbenikom izdvojenim u prostoru motorickih
sposobnosti.

Navedene varijable opisuju tehnicke strukture u ko-
jima se ,,namece* i odrzava inicijativa u poenu, a pred-
stavljaju najagresivnije napadacke tehnike te u pravilu
traze najve¢i motoricki angazman. Stoga nije nikakvo
iznenadenje Sto su upravo ove varijable tehni¢ko-taktic-
ke strukture najznacajnije povezane s Cimbenikom iz-
dvojenim u prostoru motoric¢kih sposobnosti.

Based on the coefficients of the structure, we can
summarize that all the technical and tactical characteris-
tics highly correlate with the factor isolated from this area
which is logical because all manifest variables represent
one area (technical skills / skill of the game). The variables
that are related to the attack phase (initiatives in points)
and elements of movement in the game (sureness and ef-
fectiveness of the attack game over the table, sureness and
efficacy of the first entrance, efficiency of movement in
the game) are significantly associated with canonical fac-
tor isolated in the area of motor abilities.

These variables describe technical structures in which
is “imposed” and maintained the initiative in the points,
and represent the most aggressive attack techniques, and
generally ask the largest motor engagement. No surprises
then that exactly these variables of technical and tactical
structures are significantly associated with the factor iso-
lated in the area of motor abilities are the most important.

Tablica 3. Kanonicki koeficijenti, struktura i kros-struktura motorickih sposobnosti na izdvojeni kanonicki cimbenik /
Table 3. Canonical coefficients, structure and cross-structure of motor abilities on isolated canonical factor

kanonicki koeficijenti /

Koeficijenti strukture / koeficijenti kros-strukture /

Canonical coefficients Structure coeficients Cross-structure coeficients
Lezanje-sijed 30 sec. / Lying-sitting 30 sec. -102 -.382 -182
Ispravijanje trupa / Lifting the trunk .054 .056 091
Bac. med.1kg.forhend / 1kg forehand med.ball toss -410 -.896 -.704
Dohvat u sijedu / Reach while sitting -407 -817 -.700
Iskret s palicom / Twist with the handle .046 .061 -.080
Taping rukom / Hand tapping -476 -924 -818
Taping nogom / Foot tapping -124 -400 -213
Koraci u stranu / Side steps 329 867 564
Koverta test / Envelope test .166 413 284
Skok u dalj s mjesta / Long jump with places -.362 -912 -.621
Sprint iz vis. st. 20m / Sprint run from a standing start to 20 meters .200 661 344
Bacanje med. iz lez. / Med. ball tos while lying -318 -.659 -.546

Temeljem dobivenih rezultata moze se zakljuciti da
varijable koje se odnose prije svega na eksplozivnu sna-
gu, fleksibilnost i brzinu pojedina¢nih pokreta, reflektiraju
prostor motorickih sposobnosti. Temeljem strukture kano-
nickih faktora u prostoru bazi¢nih motorickih sposobnosti
(Tablica 3.), moze se konstatirati da je znacajan kanonic-
ki faktor mjeSovitog tipa a povezan je znacajnije S pro-
storom tehnicko-taktickih karakteristika stolnotenisaca.
Zastupljen je pojedinacnim varijablama u tri potprostora
(eksplozivne snage donjih ekstremiteta i ramenog pojasa,
fleksibilnosti i brzine frekvencije pokreta rukom).

Based on the results, we can conclude that the va-
riables related primarily to the explosive strength, flexi-
bility and speed of individual movements reflect the area
of motor abilities. Based on the structure of canonical
factors in the area of basic motor skills (7able 3)., it can
be concluded that is significant canonical factor of mixed
type and is significantly associated with the area of tech-
nical and tactical characteristics of table tennis players.
It is included with the individual variables in three su-
bspaces (explosive strength of the lower extremities and
shoulders, flexibility and frequency of hand movement).
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Na izoliranu kanoni¢ku funkciju najveéi znacaj
imaju varijable taping rukom, bacanje medicinke lkg
forhendom, dohvat u sijedu, skok u dalj s mjesta, dok
takoder neSto manji znacaj pokazuju druge varijable, ali
iz istih potprostora bazi¢nih motoric¢kih sposobnosti.

Kao ukupno gledano najznacajniji prediktor u ana-
lizama kojima je utvrdena povezanost motorickih spo-
sobnosti i tehnicko-takticke ucinkovitosti stolnotenisaca
definirana je varijabla za procjenu frekvencije pokreta
odnosno taping rukom. Ova varijabla znacajni je predik-
tor u svim analizama §to ustvari govori o visokoj vrijed-
nosti frekvencije pokreta kao mjere motorickog statusa
stolnotenisaca.

Za ovu ¢injenicu moze se izdvojiti nekoliko razloga,
ali u prvom redu razloga sadrzan je u tome S§to varijabla
taping rukom, mada prvenstveno varijabla za procjenu
frekvencije pokreta u sebi saturira jednu izuzetno vaznu
motoricku sposobnost u stolnom tenisu, a to je ustvari
brzina jednostavnog pokreta. Stolni tenis je sport brzine
(Kondric, i sar. 2013).

Brzina frekvencije pokreta ruke vazna je s aspekta
tehnicko-taktickih karakteristika jer ukazuje na kvalitetu
intermuskularne koordinacije (pravovremeno ukljuciva-
nje agonistickih i antagonisti¢kih misi¢nih jedinica) koja
je iznimno bitna za kvalitetno i precizno izvodenje razli-
citih tehnika udarca u stolnom tenisu.

Varijabla taping rukom ustvari je sastavljena od ve-
¢eg broja ponavljanja brzine jednostavnog pokreta, jasno
je kako je upravo brzina jednostavnog pokreta mjera koja
sama po sebi definira pravu prirodu povezanosti izmedu
tapinga rukom i tehnicko-takticke ucinkovitosti.

Ono $to je medutim zanimljivo za primijetiti je da
varijabla taping rukom saturira dvije brzine jednostavnog
pokreta i to: brzinu jednostavnog pokreta u kretnji koja
je definirana angazmanom prsne muskulature i muskula-
ture prednje strane ramena (forhend kretnja), ali 1 kretnji
jednostavnog pokreta koja je definirana angazmanom
ledne i straznje ramene muskulature (bekhend kretnja).
Ovo daje jasnu sliku o stvarnoj prirodi povezanosti va-
rijable taping rukom s tehnicko-taktiCkom uspjesnoscu
stolnotenisaca.

Druga varijabla koja je u veéini slucajeva znacajan
prediktor u objaSnjavanju tehnicko-takticke uspjesnosti
stolnotenisaca jeste varijabla za procjenu eksplozivne
snage ruku i ramenog pojasa. Snaga ruku je potrebna za
brze i jake udarce, prvenstveno prilikom zavrsnih udara-
ca, i ona se manifestira kao eksplozivna snaga. Eksplo-
zivnu snagu u stolnoteniskoj igri moze se promatrati kao
sposobnost izvodenja brzih (eksplozivnih) pokreta uz
konstantno opterecenje, na koju ne smije utjecati umor, a

On isolated canonical function most significant in-
fluence have variables like hand tapping, throwing a lkg
medicine ball by forehand, reach while sitting, long jump
with places, while also slightly smaller significance show
other variables, but from the same subspaces of basic
motor abilities.

In overall picture the most significant predictor in
the analysis that established the connection between mo-
tor skills and technical and tactical effectiveness of table
tennis players defined a variable to assess the frequency
of movement, or hand tapping. This variable is a signifi-
cant predictor in all analyzes, that actually speaks about
the high value of the motion frequency as a measurement
for motor status of table tennis players.

In order to confirm this fact, can be allocated a num-
ber of reasons, but first reason is contained in the state-
ment that a hand tapping variable, although primarily a
variable to assess the frequency of movement, saturates a
very important motor skill in table tennis and it is in fact
speed of a simple movement. Table tennis is a sport of
speed (Kondri¢, et al. 2013).

Speed frequency of hand movement is important
in terms of technical and tactical characteristics as it
indicates the quality of intramuscular coordination (the
timely included agonistic and antagonistic muscle units),
which is extremely important for the quality and precise
performance of various techniques of hits in table tennis.

Hand tapping variable is actually made up of a large
number of repetitions of simple speed movements, it is
clear that it is the speed of simple movement a measure
which itself defines the true nature of the connection be-
tween hand tapping and technical and tactical efficiency.

However, what is interesting to note is that the hand
tapping variable saturates the two speeds of simple move-
ment, namely: the speed of simple movement in the motion
that is defined engagement pectoral muscles and muscles of
the front of the shoulder (forehand movement), but also the
motion of simple movement that is defined by engagement
of the back and back shoulder muscles (backhand motion).
This gives a clear picture and the true nature of the connec-
tion between hand tapping variable and the technical and
tactical successfulness of the table tennis players.

Another variable that is in most cases a significant
predictor in explaining the technical and tactical perfor-
mance of table tennis players is variable to assess ex-
plosive strength of arms and shoulders. The strength of
and arm is needed for quick and powerful hits, especially
during the final strikes, and it manifests as an explosive
strength. Explosive strength in table tennis game can be
seen as the ability to perform fast (explosive) movements
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¢iji je cilj brzina poentiranja i svladavanje prostora u §to
kra¢em vremenu (brza kretanja).

Eksplozivnost daje snagu udarca i mogucnost brzog
starta u bilo kojem pravcu. Snaga misi¢a ramenog poja-
sa znacajna je u velikoj mjeri za bolje performanse spin
udaraca u stolnom tenisu. Snaga ruku i ramenog pojasa
je potrebna za brze i jake udarce, prvenstveno prilikom
zavr$nih udaraca.

Kod izvodenja dinami¢nih udaraca velika brzina
reketa postize se ako se ubrzavanje koristi stalno i pro-
gresivno uz pretpostavku da je suradnja misi¢nih skupina
ukljucenih u tijek pokreta ispravno koordinirana.

S aspekta izvodenja udaraca, forhend i bekhend,
udarce omogucavaju rotatori trupa, misi¢i ramenog po-
razvije veliku snagu u brzim pokretima.

Relativan doprinos dvoglavog misi¢a nadlaktice i
velikog grudnog misi¢a je najvazniji kod udaraca, nji-
hova uloga je da poveca snagu i jac¢inu udarca igraca.
Dvoglavi misi¢ nadlaktice ima jo$ znacajniju ulogu u br-
zini forhenda. Osim toga, veliki ledni misi¢ je misi¢ koji
se najvise koristi pri velikim brzinama loptice u stolnom
tenisu.

Velik utjecaj na brzinu udarca ima eksplozivna sna-
ga ruku, ramenog pojasa i trupa, ali taj utjecaj opada kod
tehnicki slozenijih udaraca.

Snaga mi$i¢a nogu, naroCito opruzaca zgloba kuka,
koljena i skocnog zgloba, kao i odmicaca nogu, uvjetuje
sposobnost eksplozivnih skokova i brzih kretanja lijevo-
desno, naprijed-natrag, veoma potrebnih stolnotenisaci-
ma.

Fleksibilnost omogucuje stolnotenisacima elasticnu
muskulaturu i misi¢ne pripoje kao i pokretljive zglobo-
ve, koji igracu omogucuju brze prelaze iz jednog sustava
igre u drugi, kao i promjene pravca kretanja pojedinih
dijelova i cijelog tijela.

Jedna od temeljnih karakteristika fleksibilnosti je
njezina specifi¢nost, tj. opseg pokreta je razlicit za svaki
zglob, a fleksibilnost takoder ovisi i o pokretu (statika,
dinamika).

Dinamicka fleksibilnost predstavlja sposobnost
izvodenja dinamickih pokreta kroz puni opseg pokreta u
odredenom zglobu (npr. kod izvodenja servisa potrebna
je fleksibilnost Sake, brzina trzaja u zapescu i preciznost).

Stolnotenisaci se u velikoj mjeri stavljaju u razli-
¢ite dinamicke situacije, $to sa psihofizickog stajalista
rezultira kreiranjem velikog broja motorickih programa
potrebnih prilikom raznih akcija ili reakcija.

Za dobru tehniku izvodenja udaraca u stolnom teni-
su potrebna je optimalna fleksibilnost.

with constant loading, that cannot be affected by fatigue
and which aims to speed scoring and mastering the space
as soon as possible (rapid movement).

Explosiveness gives the force of impact and the
possibility of a fast start in any direction. The strength of
the shoulder belt muscles is important to a large extent
for the performance of spin strikes in table tennis. The
strength of arms and shoulder belt is required for fast and
powerful hits, especially during the final hits.

When performing dynamic strikes high racket speed
is achieved if the acceleration is used constantly and pro-
gressively assuming the cooperation of muscle groups
involved in the flow of movement properly coordinated.

In terms of execution strikes, forehand and backhand,
strikes are allowed by torso rotators, shoulder and arm mus-
cles, and also leg and back muscles participate. The player
needs to develop a major force in the fast movements.

The relative contribution of the biceps brachii and
pectoralis major is the most important during the strikes,
their role is to increase the strength and intensity of play-
er’s hit. Biceps brachii has an even more significant role
in the speed of forehand. In addition, the latissimus dorsi
muscle is the muscle which is mainly used in high-speed
balls in table tennis.

A big influence on the speed of strike has the explo-
sive strength of arms, shoulder and torso, but that effect
decreases with technically complex strikes.

The leg muscle strength, especially quadriceps, knee
and ankle, and leg abductor, are conditioning the ability of
explosive jumps and quick movements from side to side,
back and forth, much needed for table tennis players.

Flexibility enables table tennis players elastic mus-
culature and muscle annexes as well as movable joints
that allow the player fast transitions from one game sys-
tem to the other, as well as changes in direction of indi-
vidual parts and the whole body.

One of the fundamental characteristics of flexibility
is its specificity, ie. Range of motion is different for each
joint, and flexibility also depends on the movement (stat-
ics, dynamics).

Dynamic flexibility represents the ability to perform
dynamic movement through full range of motion in certain
joints (eg. When performing services is required flexibility
of the hands, twitch speed in the wrist and precision).

Table tennis players are largely placed in different dy-
namic situations, as with psychological and physical point
of view results in creating a large number of motor programs
necessary when performing various actions or reactions.

For a good technique of strikes in table tennis re-
quires optimum flexibility.
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Fleksibilnost ima presudnu ulogu u prevenciji i
oporavku od ozljeda ili umora.

ZAKLIUCAK

Imajuéi u vidu sloZenost stolnoteniske igre moze
se konstatirati da se u tijeku stolnoteniskog meca odvija
veliki broj tehnic¢ko-taktickih akcija u kratkom razdoblju
odlucivanja. Sigurno je da su za izvodenje ovako sloze-
nih tehni¢ko-takti¢kih radnji neophodne i adekvatne ba-
zi¢ne motoricke sposobnosti. U stolnom tenisu, da bi se
motoricki potencijal pojedinca mogao u potpunosti izra-
ziti, neophodno je posjedovati visoku razinu tehnicke i
takticke obucenosti. Istrazivanja u stolnom tenisu koja su
se bavila ovom problematikom takoder naglasavaju vaz-
nost motorickih varijabli u procjeni kvalitete u izvedbi
tehnicko-taktickih elemenata stolnotenisaca (Hsu i sur.,
2010.; Kondri¢, Zagatto, i Sekuli¢, 2013.; Raab, 2004).

Kanonicke korelacijske analize kojima se utvrdi-
la povezanost motorickih prediktora i tehnicko-takticke
ucinkovitosti stolnotenisaca u pravilu su znacajne. Me-
dutim, ocito je da su kanonicki faktori s motorickim pre-
diktorima objasnile veci postotak varijance tehni¢ko-tak-
tickih kriterija kod onih kriterija kod kojih je oCito da se
radi o mjerama koje su u odredenoj mjeri definirane ek-
splozivnom snagom i agilno$¢u. Pri tome ne treba sum-
njati kako su svi tehnicko-takticki kriteriji u odredenoj
mjeri definirani bazi¢nim motori¢kim sposobnostima, ali
jasno je kako neke od tih kriterija, primjerice ,,u¢inko-
vitost kretanja u igri ili ,,uc¢inkovitost u kontinuiranoj
napadackoj igri“ bitnije odreduju eksplozivna snaga i
agilnost nego neke druge kriterije, kao $to je primjerice
»ucinkovitost servisa“. Motoricke sposobnosti su ustvari
sposobnosti koje odreduju potencijal osobe u izvodenju
motorickih manifestacija, to jest slozenih i jednostavnih
kretnji koje se izvode djelovanjem skeletnih misica (Se-
kuli¢ 1 Metiko$, 2007), pa samim tim je i za oCekivati
da ove sposobnosti budu znacajniji prediktor onih teh-
nicko-taktickih elemenata koji su odredeni potrebom za
savladavanjem otpora u odredenoj mjeri. Dobiveni re-
zultati ne iznenaduju, jer u tehnicki iznimno sloZzenom
sportu kakav je stolni tenis, motoricke sposobnosti, iako
nedvojbeno imaju velik utjecaj na izvodenje razliCitih
tehnicko-taktickih struktura, nisu faktor koji izravno i is-
kljucivo utjece na te strukture (kao kod nekih strukturno
jednostavnijih sportova, npr. monostrukturalnih).

To se potvrdilo i u ovome radu. Kada bi se definira-
la nekakva hijerarhijska struktura motorickih sposobnosti
koje su presudne za izvedbu tehni¢ko-taktickih elemenata
stolnotenisaca ispitivanih u istrazivanju moglo bi se izdvo-
jiti frekvenciju pokreta, eksplozivnu snagu, fleksibilnost...

Flexibility plays a crucial role in preventing and re-
covering from injury or fatigue.

CoNCLUSION

Given the complexity of table tennis game, it can be
said that in the course of table tennis match takes a large
number of technical and tactical actions are performed in
the short term of decision making. It is certain that for the
performance of such complex technical and tactical actions
are necessary and adequate basic motor skills. In table ten-
nis, in order to fully express motor potential of individual,
it is necessary to possess a high level of technical and tac-
tical training. Research in table tennis that dealt with this
issue also underline the importance of motor variables in
assessing the quality of the performance of technical and
tactical elements of table tennis players (Hsu et al., 2010;
Kondri¢, Zagatto & Sekulic, 2013; Raab, 2004).

Canonical correlation analysis which determined the
connection between motor predictors and technical and
tactical effectiveness of table tennis players are gener-
ally significant. However, it is obvious that the canonical
factors with motor predictors explained the most of the
variance of technical and tactical criteria for those cri-
teria where it is obvious that these are measures that are
to some extent defined by explosive strength and agility
of the players. We should not doubt that all the technical
and tactical criteria to some extent are defined by explo-
sive strength and agility, but it is clear that some of these
criteria, such as “efficiency of movement in the game” or
“efficiency in continuous attack game” significantly deter-
mine the basic motor skills than any other criteria, such as
“service efficiency”. Motor skills are actually skills that
determine a person’s potential in performing the motor
manifestations, that is complex and simple movements
that are performed by acting of skeletal muscle (Sekulic &
Metikos, 2007), and therefore is to be expected that these
skills are more important predictor of those technical and
tactical elements which are determined by the need for
overcoming resistance to some extent. The results are not
surprising, because in technically very complex sport, as
is table tennis, motor skills, although undoubtedly, have a
great influence on the performance of different technical
and tactical structures, are not a factor that directly and
exclusively affects these structures (as in some structurally
simpler sports, eg. of mono-structural).
This is also confirmed in this paper. If it’s to define some
kind of hierarchical structure of motor skills that are criti-
cal to the performance of technical and tactical elements of
table tennis players tested in the study, we could extract the
frequency of movement, explosive strength, flexibility...
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Sazetak: Cilj istrazivanja bio je utvrdivanje razlika u
ispoljavanju eksplozivne snage nogu i karliénog po-
jasa u odnosu na stepen spustenosti svoda stopala i
polni dimorfizam. Istrazivanjem je obuhvaceno 90
ispitanika (45 muskog i 45 Zenskog pola), Srednje
ekonomske Skole u Novom Sadu, uzrasta 15 + 0.5 go-
dina. Status svoda stopala utvrden je somatoskopskom
metodom, a eksplozivna snaga motorickim testovima
skok udalj sa mesta i troskok sa mesta. Za utvrdivanje
razlika kori$¢ena je Univarijatna analiza varijanse, y’
- test 1 Student t - test za nezavisne uzorke, na nivou
zakljuCivanja p<0.00. Statisticki znacajne razlike
utvrdene su izmedu ispitanika sa dobrim i izrazito loSim
statusom stopala (p<0.00) i ispitanika sa lo$im i izrazito
losim statusom stopala (p<0.000). Takodje, utvrdene
su statisticki znacajne razlike u odnosu na polnu pri-
padnost u statusu svoda stopala i oba motori¢ka testa
(*=9.867; p<0.007).

Kljuéne reéi: ravna stopala, skok udalj sa mesta, tros-
kok sa mesta, eksplozivna snaga nogu i karli¢cnog po-
jasa, adolescenti.

Uvop

Stopalo kao visezglobni sistem, ima znacajnu ulogu
u statici i dinamici ljudskog organizma. Ona se ogleda
u preuzimanju Citave tezine tela i u razli¢itim oblicima
kretnih aktivnosti: hodanju, tréanju, skokovima, doskoci-
ma i sl. (Uli¢, 1997; Zivkovi¢, 2000). Zajedni¢ko delova-
nje misica, tetiva, ligamenata i kostiju stopala, predstav-
lja kompleksan sistem, koji je u isto vreme i rigidan (nosi
citavu tezinu tela) i fleksibilan te prilagodljiv razli¢itim
uslovima podloge (Twomey, 2006). Kostane, ligamen-
tarne i misi¢ne strukture su odgovorne za formiranje i
oCuvanje svodova stopala, zahvaljuju¢i kojima stopalo
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Abstract: The aim of this study was to determine the
differences in the manifestation of explosive strength
of legs and pelvis girdle regarding the degree of droop-
ing medial arch of the feet and also according to gen-
der differences. The research covered 90 respondents
(45 males and 45 females), from the Secondary School
Economics in Novi Sad, aged 15 £ 0.5. The status of the
foot arch was determined by using the clinical method,
and the explosive strength by motoric tests of stand-
ing long jump and triple jump. For identifying the dif-
ferences, One-Factor Analysis of Variance was used,
x> - test and Student t - test for independent samples,
at the final degree of p<0.00. Statistically significant
differences were identified between the respondents
with good and extremely poor foot status (p<0.00) and
the respondents with poor foot status (p<0.000). Also,
when it comes to gender, there were statistically signifi-
cant differences in foot arch status and both motor tests
(x*=9.867; p<0.007).

Key words: fallen arches, standing long jump, triple
jump, explosive strength of legs and pelvic girdle, ado-
lescents.

INTRODUCTION

Foot, as a multi-joint system has a significant role
in the statics and dynamics of human body. It is reflected
in taking the entire body weight and in different forms of
motion activities: walking, running, jumping, jump land-
ing, etc. (Uli¢, 1997; Zivkovi¢, 2000). The joint action of
the muscles, tendons, ligaments and foot bones represents
a complex system which is also rigid (it carries the en-
tire body weight) and flexible and adaptable to different
ground conditions. (Twomey, 2006). The bone, ligament
and muscle structures are responsible for the formation
and preservation of foot arches, thanks to which the foot
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obavlja svoje osnovne funkcije: efikasno kretanje, distri-
buciju pritiska i pravilno troSenje snage.

Stopalo ostvaruje stabilnost i elasti¢nost zahva-
ljuju¢i svodovima, transverzalnom i longitudinalnom
(medijalnom i lateralnom), koji su odredeni ne samo
oblikom kostiju ve¢ i otpornoscu ligamenata. Medijalni
longitudinalni svod stopala je najvisi i ima najznacajni-
ju ulogu za optimalnu mehaniku stopala (Wilken, 20006),
dok je lateralni longitudinalni svod nizi i ima tendenciju
slabljenja pod telesnom tezinom (Kendall, McCreary, i
Provance, 1993). Spustenost medijalnog longitudinalnog
svoda stopala oznac¢ava se kao ravno ili spusteno stopalo.
Pocetak formiranja svodova stopala poklapa se sa prvim
optere¢enjem, odnosno periodom kada dete pocinje da se
uspravlja, dok za period definitivnog formiranja jo§ uvek
ne postoji saglasnost istrazivaca.

Generalno, smatra se da se deca radaju s ravnim
stopalima (El et al, 2006), koja se zapazaju ve¢ u prvim
godinama Zzivota, kada ona i poc¢inju da hodaju. Sto-
palo najbrze raste do tre¢e godine (Volpon, 1994), od
koje ima gotovo konstantnu stopu razvoja podjednako
za oba pola, sve do 12. godine. Svod stopala pocinje
ubrzano da se razvija izmedu 2. i 6. godine i struktu-
ralno sazreva oko 12 do 13. godine. Procenat ravnih
stopala najveci je kod novorodencadi pa do 2. godine
zivota. Postojanje fleksibilnog ravnog stopala kod dece
od 2. do 6. godine procentualno se javlja izmedu 21% i
57%, a kod dece u osnovnoj skoli procenat znatno pada
na 13,4% do 27,6% (EL et al., 2006; Lin et al., 2001;
Pfeiffer et al., 2000).

Snaga misic¢a obic¢no se odnosi na silu ili obrtanje
koju odredena grupa misi¢a razvija tokom maksimal-
ne voljne kontrakcije pod odredenim uslovima (Jaric,
2002), a eksplozivna snaga je sposobnost ispoljavanja
maksimalne snage u najkracem moguéem roku (Petro-
vi¢ et al., 2013). Smatra se da promene posturalnog sta-
tusa stopala imaju uticaj na funkcionalne sposobnosti,
koje se posmatraju kroz prizmu motoricke sposobnosti
ispoljavanja eksplozivne snage nogu i karli¢nog pojasa.
Cilj ovoga istrazivanja bio je, stoga, utvrdivanje razlika
u ispoljavanju eksplozivne snage donjih ekstremiteta i
karli¢nog pojasa adolescenata, u odnosu na status svoda
stopala i pripadnost polu.

MATERIJAL I METOD

Radi utvrdivanja odnosa spustenosti svoda stopala i
eksplozivne snage donjih ekstremiteta i karlicnog pojasa,
opredelili smo se za istrazivanje transverzalnog tipa.

performs all its basic functions: efficient movement, pres-
sure distribution and proper strength use.

The foot achieves stability and flexibility thanks to
the arches, transverse and longitudinal (medial and lat-
eral), defined not only by the shape of bones but also by
the resistance of ligaments. The medial longitudinal foot
arch is the highest one and has the most important role for
the optimal mechanics of the foot (Wilken, 2006), while
the lateral longitudinal arch is lower and tends to weaken
under the body weight (Kendall, McCreary, & Provance,
1993). Dropping of the medial longitudinal foot arch is
marked as a fallen arch or a dropped arch. The beginning
of the formation of the foot arches starts with the first load,
i.e. the period when a child begins to sit up, while there
is still no consensus of the researchers when it comes to
defining the period of the definite formation.

It is generally believed that children are born with
fallen arches (El et al, 2006), which are noticed in the first
years of life, when they start to walk. The quickest growth
of foot takes place up to the third year of life (Volpon,
1994), since when it has a constant development rate which
is equal for both genders, until the age of 12. The foot arch
begins to develop rapidly in children aged between 2 and
6, and its structure matures at the age of 12 and 13. The
highest percentage of fallen arches is among infants up to
2 years of age. The percentage of flexible fallen arches in
children aged between 2 and 6 is between 21% and 57%,
while when it comes to primary school children, the per-
centage significantly drops to 13.4% up to 27.6% (EL et
al., 2006; Lin et al., 2001; Pfeiffer et al., 2006).

Muscle strength usually refers to the force or rever-
sion developed by a certain muscle group during the maxi-
mal voluntary contractions under certain conditions (Jaric,
2002), while explosive strength is the ability to mani-
fest the maximal strength in the shortest period of time
(Petrovic et al., 2013). It is believed that changes in postur-
al foot status influence the functional abilities, which are
observed through the prism of motor ability to manifest
explosive strength of legs and pelvic girdle. Therefore, the
aim of this research was to determine the differences in the
manifestation of explosive strength of lower extremities
and pelvic girdle in adolescents, according to the foot arch
status and gender.

MATERIAL AND METHOD

For the purpose of determining the comparison
between the degree of pes planus and the explosive stren-
gth of the lower extremities and the pelvic girdle, we se-
lected the research of transversal type.
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Uzorak ispitanika

Uzorak ispitanika ¢inilo je 90 ucenika Srednje eko-
nomske Skole u Novom Sadu (45 muskog i 45 Zenskog
pola) uzrasta 15 + 0.5 godina. Cilj istrazivanja je bio je
utvrdivanje razlika u eksplozivnoj snazi donjih ekstremi-
teta i karli¢nog pojasa u odnosu na status svoda stopala,
kao i razlike u odnosu na polnu pripadnost. Ispitanici su
na osnovu statusa stopala podeljeni u tri subuzorka: sa
dobrim, loSim i izrazito lo§im statusom stopala.

Metode merenja

Status svoda stopala utvrden je klinickom metodom,
vizuelnom procenom u sagitalnoj ravni, gde su ispitanici
sa dobrim statusom stopala ocenjeni nulom (0), sa lo§im
jedinicom (1) i izrazito lo§im statusom stopala dvojkom
(2). Za utvrdivanje eksplozivne snage donjih ekstremite-
ta i karlicnog pojasa, koris¢eni su motoricki testovi skok
udalj sa mesta i troskok sa mesta.

Metode obrade podataka

Za utvrdivanje razlika u ispoljavanju eksploziv-
ne snage donjih ekstremioteta i karlicnog pojasa u od-
nosu sa stepen spustenosti svoda stopala, koris¢ena je
jednosmerna Univarijatna analiza varijanse (ANOVA).
Razlike izmedu polova u odnosu na stepen spustenosti
svoda stopala utvrdene su y>-testom na nivou zna¢ajnosti
p<0.05, a 't - testom za nezavisne uzorke, utvrdene su sta-
tisticki znacajne razlike u odnosu na polni dimorfizam u
oba motoricka testa.

REZULTATI

Zastupljenost spustenosti svoda stopala u odnosu na
polni dimorfizam prikazana je u Tabeli 1. U uzorku ispi-
tanika muskog pola, najveca je zastupljenost normalanog
svoda stopala (55,6%), prvi stepen spustenosti svoda sto-
pala ima 26,7% ispitanika, dok je zastupljenost drugog
stepena spustenosti svoda stopala svega 17,8%.

Kod ispitanika Zenskog pola najveéi je postotak
onih sa drugim (46,7%) 1 prvim stepenom spustenosti
(44,4%), a najmanja je zastupljenost ispitanica sa nor-
malnim svodom stopala (8,9%).

Analizom razlika medu polovima, utvrdeno je da
ocenu jedan ima 62,5% a ocenu dva 72,4% ispitanika
zenskog pola, dok je ocena nula ¢eSca kod ispitanika
muskog pola (86,2%).

U Tabeli 2 prikazane su razlike u ispoljavanju ek-
splozivne snage donjih ekstremiteta i karli¢nog pojasa u
odnosu na polni dimorfizam. Rezultat t — testa za nezavi-
sne uzorke pokazuju da postoje statisticki znacajne razli-
ke izmedu polova u oba motoricka testa (p<0.00) u korist
ispitanika muskog pola.

Sample of respondents

The sample included 90 pupils of the Secondary
School of Economics in Novi Sad (45 males and 45 fe-
males) aged 15 + 0.5. The goal of this research was to deter-
mine the differences in explosive strength of lower extremi-
ties and pelvic girdle regarding the status of the foot arch,
and the differences regarding the gender. Based on the status
of their foot arch, the respondents are divided into three sub-
samples: with good, bad and extremely bad foot status.

Method of measurement

The feet arch status is defined by a clinical method, vi-
sual assessment in the sagittal plane, where the respondents
with a good foot arch status were marked with a zero (0), re-
spondents with a bad foot arch status were marked with one
(1) and the respondents with extremely bad foot arch status
were marked with (2). To determine the explosive status of
lower extremities and pelvic girdle, we used standing long
jump and triple jump motor tests.

Method of data processing

To determine the difference in the manifestation of explo-
sive strength of lower extremities and pelvic girdle regarding
the degree of fallen arches, we used the One-Factor Analysis
of Variance (ANOVA). Differences among the genders regard-
ing the degree of fallen arches were determined by y’-test at
the significance degree of p<0.05, and t — test for independent
samples, showing that there are significant statistical differenc-
es regarding the sexual dimorphism in both motor tests.

REsuLTS

Incidence of drooping arch of the feet when it comes
to the sexual dimorphism is shown in Table 1. In male re-
spondents, the largest percentage had a normal foot arch
(55.6%), the first degree of drooping feet arch had 26.7%
of the respondents, while the percentage of those with the
second degree of drooping feet arch was only 17.8%. When
it comes to female respondents, the highest percentage is of
those with the second (46.7%) and the first degree of droop-
ing (44.4%), and the lowest percentage is of those with nor-
mal foot arches (8.9%).

The analysis among the sexes defined that the mark
one had 62.5%, and the mark two had 72.4% of the female
respondents, while the mark zero is more frequent in male
respondents (86.2%).

Comparing the total sample, the differences between
the genders, marks zero (60%) and one (63%) were record-
ed mostly among the male respondents, while the mark two
is with 73% more frequent among the female respondents.

The Table 2 shows the differences in the manifesta-
tion of explosive strength of lower extremities and pelvic
girdle regarding the sexual dimorphism. The result of the
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Tabela 1. Zastupljenost spustenosti svoda stopala u odnosu na polni dimorfizam / Table 1. Incidence of fallen longitudinal
medial arch of the feet regarding the gender dimorphism

Ocene posturalnog statusa / Broj ! oriumber mm Pol I Gender 7/F Ukupno / Total
Marks of postural status . = q P
% unutar pola / within gender 86.2% 13.8% 100.0%
0 % statusa svoda stopala / foot arch status 55.6% 8.9% 32.2%
% ukupno / total 27.8% 4.4% 32.2%
N 12 20 32
% unutar pola / within gender 37.5% 62.5% 100.0%
1 % statusa svoda stopala / foot arch status 26.7% 44.4% 35.6%
% ukupno / total 13.3% 22.2% 35.6%
N 8 21 29
% unutar pola / within gender 27.6% 72.4% 100.0%
? % statusa svoda stopala / foot arch status 17.8% 46.7% 32.2%
% ukupno / total 8.9% 23.3% 32.2%
N 45 45 90
% unutar pola / within gender 50.0% 50.0% 100.0%
Ukupno
% statusa svoda stopala / foot arch status 100.0% 100.0% 100.0%
% ukupno / total 50.0% 50.0% 100.0%
1=23.034 p=0.00

Tabela 2. Razlike u ispoljavanju eksplozivne snage donjih ekstremiteta i karlicnog pojasa u odnosu na polnu pripadnost /
Table 2. Differences in the manifestation of explosive strength of lower extremities and pelvic girdle regarding the gender

M/M ZIF
Varijable / Variables t p
AS s AS S
Skok udalj sa mesta / Standing long jump 209.93 18.79%4 163.69 21.937 10.739 0.00
Troskok sa mesta / Triple jump 604.71 63.053 472.82 55.934 10.497 0.00

U Tabeli 3 prikazani su rezultati ispoljavanja ek- | t— test for independent samples shows that there are sta-
splozivne snage donjih ekstremiteta i karli¢nog pojasa u | tistically significant differences among both genders in
odnosu na status svoda stopala, ukupnog uzorka ispitani- | both motor tests (p<0.00) in favour of male respondents.
ka u oba motoricka testa. The Table 3 shows the results of explosive strength
of lower extremities and pelvic girdle in comparison with
the foot arch status of the total sample of respondents in

Tabela 3. Razlike u parametrima eksplozivne snage donjih ekstremiteta u odnosu na status svoda stopala ukupnog uzorka is-
pitanika / Table 3. Differences in the parameters of the explosive strength of lower extremities regarding the foot arch status of
the total sample of respondents

Varijable / Variables Marks AS S F p

0 207.14 23.349
. . . 1 180.66 31.106

Skok udalj sa mesta / Standing long jump 2 173.28 27428 12.138 0.00
Total 186.81 30.873
0 591.00 68.177
o 1 524.88 91.993

Troskok sa mesta / Triple jump 2 501.66 81653 9.373 0.00
Total 538.77 88.937
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Kako bi se ustanovile razlike izmedu parova grupa
na osnovu podele prema statusu stopala, uradena je LSD
post-hoc analiza (Tabela 4). Na osnovu dobijenih rezulta-
ta, moze se zakljuciti da postoje statisticki znacajne razli-
ke u motorickoj efikasnosti izmedu ispitanika koji imaju
normalan svod stopala i ispitanika koji imaju manje ili
viSe spusten svod stopala. Ove razlike se javljaju u oba
motoricka testa, medutim ne postoje statisticki znacaj-
ne razlike u motorickoj efikasnosti izmedu ispitanika sa
ocenom 11 2.

both motor tests.

In order to define the differences between the group
pairs based on the division according to the foot status,
the LSD post-hoc analysis was done (Table 4). Based on
the received results, it can be concluded that there are
statistically significant differences in motor efficiency
between the respondents with a normal foot arch and the
respondents with less or more drooping foot arch. These
differences occur in both motor tests, however there are
no statistically significant differences in motor efficiency
between the respondents marked with 1 and 2.

Tabela 4. Razlike izmedu parova grupa (razvrstanih prema statusu stopala) u eksplozivnoj snazi donjih ekstremiteta /
Table 4. The differences between pairs of groups (sorted by the feet status) in explosive strength of lower extremities

Variable / Variables ) ) AS () Sig.
0 1 26.482 0.00
2 33.862 0.00
0 -26.482 0.00
Skok udalj sa mesta / Standing long jump 1
2 7.380 0.30
) 0 -33.862 0.00
1 -7.380 0.30
0 1 66.125 0.00
2 89.138 0.00
0 -66.125 0.00
Troskok sa mesta / Triple jump 1
2 23.013 0.27
) 0 -89.138 0.00
1 -23.013 0.27

DISKUSIJA 1 ZAKLJUCAK

Prevalenca ravnog stopala kod dece u odnosu na
uzrast, pol, uhranjenost i fizicku aktivnost, problematika
je mnogih istrazivanja. Zastupljenost ravnih stopala kod
dece uzrasta od 7 do 11 godina belezi se kod ispitani-
ka muskog pola u ve¢em procentu nego kod ispitanica
(Puzovi¢ i sar., 2010). Ovakvu pojavu istrazivaci tumace
time §to se kod decaka sporije povlaci masno tkivo (“ja-
stuce”) na tabanu za razliku od devojcica.

U naSem istrazivanju rezultati pokazuju da ispitani-
ci muskog pola imaju u ve¢em procentu normalan svod
stopala, a ispitanice zenskog pola spusten svod stopala I i
II stepena. Ovako dobijeni rezultati ukazuju na ¢injenicu
da su ispitanici muskog pola ovog uzrasta fizicki aktivni-
jiicesce nego ispitanice ukljuceni u sportske aktivnosti.
Rezultate posturalnog statusa potrebno je tumaciti zajed-
no sa opstim rastom i razvojem mladih. Tako, neki autori
raniji ulazak devojcica u pubertet objasnjavaju kroz za-
stupljenost ravnih stopala u mladem uzrastu, za razliku
od decaka. Kod decaka pubertet pocinje nesto kasnije,
pa se u skladu sa tim najveci broj poremecaja javlja u
starijem uzrastu (Jovovié, Canjak, 2010).

DicussioN AND CONCLUSION

Prevalence of the fallen arches in children when it
comes to the age, gender, nutritional status and physical
activity, is a problem of many studies. The incidence of
fallen arches in children aged between 7 and 11, is record-
ed in male respondents more than in female respondents
(Puzovi¢ et al., 2010). Such incidence as interpreted by the
researchers, is explained by the fact that the adipose tissue
of the sole (“pad®) is withdrawn more slowly in boys than
in girls.

The results of our research show that the male re-
spondents have a larger percentage of normal feet arches,
while the female respondents have a larger percentage of
the first and second degree of drooping foot arch. Such re-
sults point out the fact that the male respondents of this age
are more physically active and more frequently involved
in sport activities than female respondents. The results of
the postural status should be interpreted hand in hand with
the general growth and development of the young.

It is wrong to interpret the results of the postural sta-
tus separately and in isolation from the overall growth and
development. Some authors explain the earlier start of pu-
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Zbog ovako razli¢itih misljenja bilo je neohodno
uvrstiti i neki pokazatelj snage nogu kroz motoricke te-
stove. Motoricke testove bolje su uradili ispitanici mus-
kog pola. $to je oCekivano, a u odnosu na status svoda
stopala, efikasniji su bili ispitanici sa fizioloskim svo-
dom. Oba motoricka testa izvode se sunoznim odrazom
sa mesta gde su pri odskoku angazovani fleksori stopala.
Kod osoba sa ravnim stopalima, ovi misi¢i pokazuju zna-
ke insuficijencije, Sto se odrazava na efikasnost skoka.

Rezultati naseg istrazivanja razlikuju se od rezultata
istrazivanja Lizisa. Posadzkog i Smita (Lizis, Posadzki
& Smith, 2010), koji ukazuju na nepostojanje statisticki
znacajne razlike u ispoljavanju eksplozivne snage nogu
u odnosu na posturalni status longitudinalnog svoda sto-
pala kod ispitanika oba pola. Takode, rezultati se ne po-
dudaraju ni sa istrazivanjem Aleksandrovica i Kotarasa
(2015), u kojem nije utvrdena statisticki znacajna razli-
ka u ispoljavanju eksplozivne snage donjih ekstremiteta
u odnosu na posturalni status stopala. SpusSten uzduzni
svod stopala, prema ovim autorima, ne predstavlja pre-
preku za ispoljavanje eksplozivne snage donjih ekstremi-
teta. Razlog za nepodudaranje rezultata naSeg sa navede-
nim istrazivanjima, verovatno lezi u Cinjenici razli¢itog
broja ispitanika u istrazivanjima.

Nakon detaljne analize rezultata i poredenja sa pret-
hodnim istrazivanjima, moze se izneti zakljucak da je po-
sturalni status kompleksan, te da se ne moze posmatrati
izolovano od antropometrijskog i motorickog statusa. U
dalja istrazivanja, neophodno je ukljuciti Sto vise poka-
zatelja rasta 1 razvoja, narocito kod dece kod koje on nije
zavrsen.

Mnoga istrazivanja ukazuju na povecanu incidencu
ravnog stopala kod dece mlade od 18 godina (Pordevic,
Jorgi¢ i Stanojevi¢, 2015), narocito kod dece osnovnos-
kolskog uzrasta. Shodno tome, neophodna je rana inter-
vencija: rano otkrivanje posturalnog poremecaja, ukljuci-
vanje dece u korektivni program sa pravilnim odabirom
vezbi, smanjenje telesne tezine dece, izbor adekvatne
obuce te pravovremeno ukljucivanje dece u razne fizi¢-
ke aktivnosti. Ovo su samo neki od Cinilaca koji mogu
dovesti do prevencije nastanka i razvoja ravnog stopala
kod dece.
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berty in girls by the presence of fallen arches at a young
age, as opposed to boys. Puberty in boys starts a little later
than in girls, and therefore the largest number of disorders
occurs in older age (Jovovié, Canjak, 2010).

Due to the differences in opinions it was necessary to
include some indicators of leg strength through the motor
tests. It was expected that male subjects

The motor tests were done better by male respon-
dents, which was expected, and when it comes to the foot
arch status, the respondents with physiological arches
were more efficient. Both motor tests were done with a
two-foot jump where foot flexors are engaged in the jump.
As for those with fallen arches, these muscles show signs
of insufficiency, which has an impact on the efficiency of
the jump.

The results of our study differ from the results of
those by Lizis, Posadzki & Smith (2010), which indicate
the absence of statistically significant differences in the
manifestation of explosive strength of legs comparing to
the postural status of longitudinal foot arch in both male
and female respondents. The results do not match the
research by Aleksandrovic & Kottaras (2015) either, in
which there was no statistically significant difference in
the manifestation of explosive strength of lower extremi-
ties in relation to the postural foot status. Fallen longitudi-
nal medial foot arch, according to these authors, does not
represent an obstacle for the manifestation of the explosive
strength of lower extremities. The reason of the mismatch
of the results of our mentioned research is probably due to
the fact that the research has been conducted on a different
number of respondents.

After a detailed analysis of the results and compari-
sons with previous research, we can express the conclu-
sion that the postural status is complex, and cannot be
viewed in isolation from the anthropometric and motor
status. Further research need to involve as many indica-
tors of growth and development as possible, especially in
children, in which it had not been completed.

Many studies point to an increased incidence of
fallen arches in children under 18 (Pordjevi¢, Jorgi¢ &
Stanojevi¢, 2015), especially in children of primary school
age. Accordingly, early intervention is necessary: early
detection of postural disorders, involvement of children
in corrective programmes with the proper selection of ex-
ercises, weight reduction in children, the selection of ap-
propriate footwear, and timely involvement of children in
various physical activities. These are just some of the fac-
tors that can lead to the prevention of the occurrence and
development of fallen arches in children.
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Sazetak: Ovo istrazivanje je provedeno sa ciljem utvr-
divanja efekata razli¢itih kinezioloskih aktivnosti na
transformaciju morfoloskih karakterisika i motorickih
sposobnosti zena razliite zivotne dobi. Uzorak ispita-
nika, sacinjavalo je 160 ispitanica — radnica u industriji
obuce “Obuca” Zvornik, uzrasta od 20-44 godine staro-
sti. Isti uzorak je bio podijeljen na osnovu hronoloske
starosti na 4 subuzorka - grupe, i to: 20-25 godina, 26-
31 godinu, 32-37 godina i 38-44 godine. U ovom istra-
zivanju primjenjeno je deset (10) varijabli morfoloskih
karakteristika i deset (10) varijabli za procjenu motoric-
kih sposobnosti. Za utvrdivanje razlika izmedu ekspe-
rimentalnih grupa na finalnom mjerenju sa parcijaliza-
cijom razlika izmedu grupa na inicijalnom mjerenju i
utvrdivanja efekata kinezioloskog tretmana na transfor-
maciju morfoloskih karakteristika i motorickih sposob-
nosti primjenjena je multivarijantna analiza kovarijanse
(MANCOVA), a na univarijantnom nivou primjenja je
univarijantna analiza kovarijanse (ANCOVA). Dakle
u globalnoj procjeni kvaliteta i opravdanosti primje-
ne programiranog kinezioloskog tretmana u trajanju 6
mjeseci, mozemo konstatovati da je isti proizveo zna-
cajne efekte na transformaciju morfoloskih karakteri-
stika 1 motorickih sposobnosti kod istrazivanog uzorka.
Statisticki najznacajniji efekti kinezioloskih aktivnosti
(eksperimentalnog tretmana), ostvareni su kod prve i
druge grupe ispitanica koje su hronoloskog uzrasta 20
do 25 godina i 26 do 31 godine.

Kljuéne rijeci: radnice, tranformacioni efekti, morfo-
logija, motorika, kinezioloske aktivnosti.

Uvob

Njemacki filozof Sopenhauer (Svijet kao volja i
predstava, 1844) ocijenio je da su zdravlje, mladost i
sloboda tri najveca dobra zivota koja ne umijemo da ci-
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Abstract: This research was conducted with the aim of
determining the effects of various kinesiology activities
on the morphological transformation of features and
motor abilities of women of different ages. The sample
was consisted of 160 respondents - workers in the shoe
industry “Obuca” Zvornik, ages 20-44. The same pat-
tern was divided on the basis of chronological age on
4 sub-samples/ groups, as follows: 20-25 years, 26-31
years, 32-37 years and 38-44 years old. In this research
were applied ten (10) variables of morphological char-
acteristics and ten (10) variables to estimate the motor
abilities. To determine the difference between experi-
mental groups on the final measuring by fragmentation
difference between the groups at the initial measuring
and determining the effects of kinesiological treatment
on the transformation of morphological characteristics
and motor abilities was applied multivariate analysis of
covariance (MANCOVA), and the invariant level was
applied the invariant analysis of covariance ( ANCO-
VA). So in a global assessment of the quality and justi-
fication of applying the programmed kinesiology treat-
ment in six months, we can say that it produced sig-
nificant effects on the transformation of morphological
characteristics and motor abilities in the study sample.
Statistically the most significant effects of kinetic activ-
ities (experimental treatment), were achieved at the first
and second groups of women who are in chronological
age from 20-25 and 26-31 years old.

Keywords: workers, transformation effects, morphol-
ogy, motor skills, kinesiology activities.

INTRODUCTION

German philosopher Schopenhauer (The World as
will and performances, 1844) estimated that the health,
youth and freedom of the three greatest goods of life
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jenimo dok ih imamo, nego tek kada ih izgubimo. To su
vrijednosti za koje ve¢ina ljudi smatra da su date same po
sebi, §to je svojstveno samo mladosti, dok stepen zdrav-
lja i slobode u velikoj mjeri zavisi od napora koji ulaze-
mo da bismo ih dostigli.

Zdravlje je stanje potpunog, fizi¢kog, psihickog i so-
cijalnog blagostanja, a ne samo odsustvo bolesti (prema
WHO). Savremena nauka kvantitativno definiSe zdravlje
kao sumu “rezervnih kapaciteta” funkcionalnih sistema.
U tom smislu treba da razmislimo dali svojirn nac¢inom
zivota samo tro$imo i smanjujemo rezerve zdravljaida li
dovoljno ¢inimo da o¢uvamo i unaprijedimo svoje zdrav-
lje.Uglavnom se ponaSamo kao ‘potrosaci’ a premalo i
rijetko kao ‘proizvodaci svoga zdravlja (Miti¢, 2001).

Fizi¢ka aktivnost predstavlja posebno stanje zdra-
vog organizma koje se karakteriSe pove¢anom potros-
njom energije. Prema definiciji Americkog Koledza
Sportske Medicine (ACSM, 2001), fizicka aktivnost je
svaki pokret tijela koji nastaje kao posljedica misi¢ne
kontrakcije i koji dovodi do potrosnje energije. Dakle,
ona obuhvata Sirok dijapazon razli¢itih aktivnosti, igru,
fizicko (tjelesno) vjezbanje, takmicarske sportske disci-
pline, ali i fizicki napor tokom profesionalnih aktivnosti
ili tokom obavljanja nekih kué¢nih poslova, jednom rijec-
ju bilo koju vrstu fizickog angazmana. Fizicka aktivnost
je kljucni elemenat za duzi, zdraviji i sre¢niji Zivot.

Primjena fizickih aktivnosti u sluzbi zdravlja za-
htjeva uvazavanje odredenih principa, slicnih onima koji
se koriste kod primjene farmaceutskih preparata. Prije
svega, treba imati u vidu da fizicka aktivnost nije uni-
verzalno preventivno ili terapijsko sredstvo. Kod odre-
denih oboljenja ona je indikovana, a kod nekih kontra-
indikovana. Nedovoljna ,,doza” fizicke aktivnosti nece
izazvati adaptogene promjene, koje su neophodne da bi
se ostvarili zdravstveni efekti. S druge strane, ,,predozi-
rana” fizicka aktivnost moze dovesti do razlicitih oblika
oste¢enja zdravlja. Optimalni zdravstveni efekti uz sma-
njenje zdravstvenog rizika na minimum, mogu se oce-
kivati samo onda kada su iskljuene kontraindikaciie i
kada je fizicka aktivnost pravilno dozirana.American
Alliance for Health,Phisical Education, Recreation and
Dance (AAHPERD, 1989).

Programiranje (individualno doziranje) fizickih aktiv-
nosti je postupak njihovog prilagodavanja bioloskim karak-
teristikama - polu 1 godinama starosti, kao i funkcionalnom
statusu - nivou aerobne sposobnosti i zdravstvenom stanju
ucesnika u programu. Ovo se ostvaruje modelovanjem tri
osnovna elementa svakog programa fizicke aktivnosti- uce-
stalosti, intenziteta i trajanja, uz uvazavanje opstih preporu-
ka o obliku kretnih aktivnosti (Mikic¢, i sar., 2012).

that do not know how to appreciate until we have them,
but only when we lose them. These are values to which
most people considers they are given by itself, which is
peculiar to youth, while the level of health and freedom
largely depends on the effort that we invest in order to
achieve them.

Health is a state of complete, physical, mental and
social well-being and not merely the absence of disease
(according to WHO). Modern science quantitatively de-
fines health as the sum of “spare capacities” of functional
systems. In this sense, we should consider whether by our
lifestyle we only spend and deplete health reserves and
are we doing enough to preserve and promote our health.
Basically we behave here as “consumers” and too little
and rarely as “producers” of our health (Mitic, 2001).

Physical activity presents a particularly healthy state
of the body that characterizes by increased consumption
of energy. As defined by the American College of Sports
Medicine (4 CSM, 2001), physical activity is every body
part movement resulting as a consequence of muscle con-
traction which leads to energy consumption. So it covers a
wide range of different activities, games, physical (body)
exercise, competitive sports disciplines, but also the physi-
cal effort during professional activities or during the per-
formance of some household chores, or in one word any
type of physical engagement. Physical activity is a key ele-
ment for a longer, healthier and happier life.

Doing physical activity for health requires respect-
ing certain principles, similar to those used when using
pharmaceutical products. Before all, it should be noted
that physical activity is not universally preventive or
therapeutic remedy. For certain sickness it is indicated,
and in some contraindicated. Insufficient “dose” of phys-
ical activity will not cause adapting changes, which are
necessary to achieve health effects. On the other hand,
“overdosed” physical activity can lead to various forms
of damage to health. Optimal health effects by reducing
health risks to a minimum can be expected only when
excluded contraindications and when physical activity is
properly dosed (American Alliance for Health, Physical
Education, Recreation and Dance -AAHPERD, 1989).

Programming (individual dosage) of physical activ-
ity is the process of adapting to their biological charac-
teristics - gender and age, as well as to a functional status
- the level of aerobic ability and health of participants
in the program. This is achieved by modeling the three
basic elements of any program of physical activity - fre-
quency, intensity and duration, taking into account the
general recommendations about the form of motion ac-
tivities (Mikic, et al., 2012).
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Osnovni cilj ovog istrazivanja predstavlja utvrdiva-
nje efekata razlicitih kinezioloskih aktivnosti na transfor-
maciju morfoloskih karaktersitika i motorickih sposob-
nosti Zena razlic¢ite Zivotne dobi.

METODE ISTRAZIVANJA

Uzorak ispitanika

Uzorak ispitanika, sa¢injavalo je 160 ispitanica —
radnica u industriji obuée “Obuca” Zvornik, uzrasta od
20 — 44 godine starosti. Isti uzorak je bio podijeljen na
osnovu hronoloske starosti na subuzorke - grupa, i to:
20-25 godina 40 ispitanika; 26-31 godina 40 ispitanika;
32-37 godina 40 ispitanika; 38-44 godine 40 ispitanika.

Uzorak varijabli

Uzorak varijabli za procjenu morfoloskih karakte-
ristika

e HEIGHT - Tjelesna visina.

*  WEIGHT - Tjelesna teZina.

*  AOBGRU - Obim grudnog kosa

¢ AOBNAD - Obim nadlaktice

¢ AOBTRB - Obim trbuha

¢ AOBNAT - Obim natkoljenice

¢ ANABTR - Kozni nabor trbuha

¢ ANABNA - Kozni nabor nadlaktice

e ANABLE - Kozni nabor leda

e BMI - Body mass index.

Uzorak varijabli za procjenu motoric¢kih sposobno-
sti ispitanica

Varijable za procjenu gipkosti

e MFLISK - Iskret s palicom

e MFLPRK - Pretklon na klupici

e MFLPRR - Pretklon raskora¢no

e MFLZLP - Zanozenje iz lezanja na prsima

e MFLPLK - Prenozenje iz lezanja na ledima

Varijable za procjenu repetetivne snage

e MRCDTL - Dizanje trupa iz lezanja na ledima za 30°

e MRCZTL - Dizanje trupa iz lezanja na trbuhu (za-
kloni)

e MRCSKL - Sklekovi sa koljena

Varijable za procjenu brzine frekventnih pokreta

e MBFTAP - Taping rukom

e MBFTAN - Taping nogom

Eksperimentalni program je proveden sa Cetiri gru-
pe ispitanica razli¢itog hronoloskog uzrasta. Sve cetiri
grupe su realizovale SestomjeseCni program sa 72 Casa
rekreativnog vjezbanja-High Low aeorobik. Frekvencija
vjezbanja je bila 3x sedmic¢no, a svaki trening je trajao 60
minuta. Pored vjezbanja aerobika sa ispitanicama je pro-
veden i program vjezbi oblikovanja u okviru rekreativne
pauze tri puta nedjeljno po 15 minuta.

The main objective of this research is determining
the effects of various kinesiology activities in transfor-
mation of morphological characteristics as well as the
motor skills of women of different ages.

RESEARCH METHODS

The sample. The sample was composed of 160
respondents - workers in the shoe industry “Obuca”
Zvornik, ages from 20-44. The same pattern was divided
on the basis of chronological age on subsamples/ groups,
namely: 20-25 years 40 respondents; 26-31 years 40 re-
spondents; 32-37 years 40 respondents; 38-44 years 40
respondents.

The sample of variables

The sample of variables to assess the morphological

characteristics
e HEIGHT - Body height.
e WEIGHT - Body weight.
* AOBGRU - The scope of thorax
*  AOBNAD - The scope of the upper arm
*  AOBTRB - The scope of the stomach
*  AOBNAT - The scope of the upper leg
e ANABTR - Abdominal skin fold
*  ANABNA - Upper arm skin fold
e ANABLE - Skin fold of the back
e BMI - Body mass index.

The sample of variables to assess motor skills of re-
spondents

Variables to estimate the flexibility

e MFLISK - twist with the handle

e MFLPRK - reach over the bench

e MFLPRR - bent astride

e MFLZLP - bent from lying on his chest

e MFLPLK - bent over from lying on her back

The variables for assessing the repetitive strength

e MRCDTL - lifting the trunk from lying on your back
for 30 °

e MRCZTL - lifting the trunk from lying on the stom-
ach (huts)

e MRCSKL - Push-ups from knees and up

The variables to estimate the speed of frequent

movements

e MBFTAP - hand taping

e MBFTAN - foot taping
The experimental program was conducted with four groups of
subjects with different chronological age. All four groups have
implemented a six-month program with 72 hours of recreation-
al exercise-High Low aerobics. The frequency of exercise was
3 times a week, and each training lasted 60 minutes. In addi-
tion to aerobic exercise with respondents was conducted also
an exercise forming program within recreational breaks three
times a week for 15 minutes.
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Statisticka obrada podataka

Za utvrdivanje statistiCke znacajnosti razlika re-
zultata medu ispitivanim grupama na finalnom mjerenju
sa parcijalizacijom eventualnih razlika izmedu grupa na
inicijalnom mjerenju i utvrdivanje efekata eksperimen-
talnog programa za transformaciju morfoloskih karak-
teristika i motoric¢kih sposobnosti primjenjena je Multi-
varijantna analiza kovarijanse (MANCOVA), a na uni-
varijantnom nivou primjenjena je univarijantna analiza
kovarijanse (ANCOVA).

REZULTATI 1 DISKUSIJA

Efekti eksperimentalnog programa primjenjenih
kinezioloskih aktivnosti na transformaciju morfoloskih
karakteristika i motorickih sposobnosti ispitanica

U cilju utvrdivanja efekata kinezioloskih aktivnosti
na transformaciju morfoloskih karakteristika i motorickih
sposobnosti ispitanica i informacija u kojim varijablama
su ispitanice najvise napredovale primjenjena je multiva-
rijantna i univarijantna analiza kovarijanse (MANCOVA
- ANCOVA).

Efekti eksperimentalnog programa primjenjenih
kinezioloskih aktivnosti na transformaciju morfoloskih
karakteristika ispitanica.

Uvidom u (tabelu 1) gdje je prikazana multivarijan-
tna analiza kovarijanse primjenjenih varijabli morfolos-
kih karakteristika izmedu ispitivanih grupa na finalnom
mjerenju, sa parcijalizacijom i neutralizacijom evidenti-
ranih razlika na inicijalnom mjerenju, moze se konsta-
tovati da je prisutna statisticka znacajnost medugrupnih
razlika na nivou od .00 (p=.000). Dakle, primjenjeni ek-
sperimentalni program je uticao pozitivno na transforma-
ciju primjenjenih morfoloskih karakteristika ispitanica
tretiranih grupa.

Statistical data analysis

To determine the statistical significance of dif-
ferences among the results of tested groups at the final
measuring with fragmentation of possible differences
between the groups at the initial measurement and de-
termination of the effects of experimental program for
the transformation of morphological characteristics and
motor abilities was applied the Multivariate analysis of
covariance (MANCOVA) and at the invariant level was
applied invariant analysis of covariance (CANOVA).

RESULTS AND DISCUSSION

The effects of the experimental program of applied
kinesiology activities in the transformation of morpho-
logical characteristics and motor abilities of respondents

In order to determine the effects of kinetic activity
on the transformation of morphological characteristics
and motor abilities of the respondents and the informa-
tion in which variables have the subjects most advanced
was applied multivariate and invariant analysis of covari-
ance (MANCOVA - ANCOVA).

Effects experimental program of applied kinesiol-
ogy activities in the transformation of morphological
characteristics of the respondents

Analyzing (Table 1) shows multivariate analysis of
covariance applied variables of morphological character-
istics between the studied groups at a final measurement,
the fragmentation and neutralization of recorded differ-
ence at the initial measurement, it can be noted that there
is statistical significance of intergroup differences at the
level of .00 (p = .000). Therefore, applied experimental
program influenced positively the transformation of ap-
plied morphological characteristics of subjects in treated

group.

Tabela 1. Testiranje znacajnosti efekata programa kinezioloskih aktivnosti na multivarijantno nivou — MANCOVA / Table 1.
Testing the significance of the effects of program of kinetic activity on multivariate level - MANCOVA

MAIN EFFECT: GRUPA (ispitanice.sta)

Manova test Value p-level
Wilks'Lambda .6896

Rao R Form 2 (24,286) 2.8973 .0000
Pillai-Bartlett Trace .30672

V (24,294) 2.8683 .0000
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Tabela 2. Testiranje znacajnosti efekata programa kinezioloskih aktivnosti na univarijantnom nivou — ANCOVA model /
Table 2. Testing the significance of the effects of program activities of kinesiology at invariant level - ANCOVA model

Adjustend means (ispitanice.sta)

ot s[RI o e e G gesioon  patg plecisin
HEIGHT 165.6007 164.5391 161.6506 163.4032 2.3062 .0961
WEIGHT 57.9500 60.8432 65.2663 65.3766 12.1430 .0000
AOBGRU 86.1883 86.9934 89.9784 91.8843 3.8630 0420
AOBNAD 26.4734 28.1432 29.3563 28.9941 1.8676 .0862
AOBTRB 76.7356 77.9451 82.5263 84.1035 13.4720 .0000
AOBNAT 52.5066 53.5661 57.3342 57.3661 4.3631 .0448
ANABTR 6.9367 7.3572 10.3681 10.4452 5.0430 .0206
ANABNA 9.3671 9.2103 12.1835 12.5311 1.3672 2014
ANABLE 7.7446 8.0402 10.1966 10.6630 3.9461 0412
BMI 22.3533 23.7433 25.8763 26.2060 41632 0314

Znacajan doprinos razlici izmedu grupa na final-
nom mjerenju (tabela 2.), uz neutralizaciju razlika na
inicijalnom mjerenju, ima vecina primjenjenih varijabli,
sem varijabli: tjelesna visina — HEIGHT, na nivou zna-
cajnosti (.096), obim nadlakta—AOBNAD, na nivou zna-
Cajnosti (.086) i1 kozni nabor nadlakta — ANABNA, na
nivou znacajnosti (.201), te se moze pretpostaviti da je to
posljedica primjene eksperimentalnog programa kinezi-
oloskih aktivnosti.

Uglavnom se moze konstatovati da su kod sve Ce-
tiri eksperimentalne grupe utvrdene statisticki znacajne
razlike u vecini primjenjenih morfoloskih varijabli, a tu
se prije svega misli na varijable tjelesne mase, potkoznog
masnog tkiva, body mass index-a i nekih varijabli obima
tijela. Statisticki najznacajniji efekti kinezioloskih aktiv-
nosti (eksperimentalnog tretmana), ostvareni su kod prve i
druge grupe ispitanica koje su hronoloskog uzrasta 20 do
25 godina i 26 do 31 godine. Dobijeni rezultati istrazivanja
su u okviru rezultata koje su u svojim istrazivanjima dobili
(Can i sar., 2004; Bayios i sar., 2006; Arslan i sar., 2010;
Koroljev i sar., 2011; Strbad i sar., 2011; Zrni¢ i sar., 2012;
Miki¢ i sar., 2008, 1 2013), kojima su potvrdene pozitivne
promjene morfoloskih karakteristika i sastava tijela Zena
nakon provedenog rekreativnog vjezbanja.

Efekti eksperimentalnog programa primjenje-
nih kinezioloskih aktivnosti na transformaciju moto-
ri¢kih sposobnosti ispitanica

Uvidom u (tabela 3) gdje je prikazana multivarijan-
tna analiza kovarijanse primjenjenih varijabli motoric¢kih
sposobnosti izmedu ispitivanih grupa na finalnom mje-
renju, sa parcijalizacijom i neutralizacijom evidentiranih

A significant contribution to the difference between
the groups at the final measurements (Table 2), with the
neutralization of the difference in the initial measurement,
has the most applied variables except variables: body height
- HEIGHT, the significance level (096), the scope of the up-
per arm - AOBNAD, the level of significance (.086) and a
skin fold of the arm - ANABNA, the level of significance
(:201), and can be assumed that this is a consequence of ap-
plying the experimental program of kinetic activities.

Basically it can be concluded that in all four experi-
mental groups were no statistically significant differenc-
es in most of applied morphological variables, but here
primarily it refers to the variables of body mass, body fat,
body mass index and some variable of body scopes. Sta-
tistically the most significant effects of kinetic activities
(experimental treatment), were achieved in the first and
second group of women who are in chronological age
from 20-25 and 26-31. The results of research are in the
context of the results that were also in the studies (Ca not
al. 2004; Bayios et al., 2006; Arslan et al., 2010; Korolev
et al., 2011; Strbad et al., 2011; Zrni¢ et al., 2012; Mikic
et al., 2008, and 2013), which have confirmed positive
changes in morphological characteristics and the compo-
sition of women’s bodies after the recreational exercise.

The effects of experimental program of applied
kinesiology activities in the transformation of motor
skills of respondents

Analyzing (Table 3) where it shows a multivari-
ate analysis of covariance of applied variables of motor
abilities between the groups at the final measurement, the
fragmentation and neutralization of recorded differences
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razlika na inicijalnom mjerenju, moze se konstatovati da
je prisutna statisticka znacajnost medugrupnih razlika na
nivou od (p=.000). Dakle, primjenjeni eksperimentalni
program je uticao pozitivho na transformaciju vecine
motorickih sposobnosti ispitanica tretiranih grupa.

in the initial measurement, it can be noted that there is
statistical significance between group differences at the
level of (p = .000). Therefore, applied experimental pro-
gram has impacted positively on the transformation of
most motor skills of respondents in treated groups.

Tabela 3. Testiranje znacajnosti efekata programa kinezioloskih aktivnosti na multivarijantnom nivou — MANCOVA model /
Table 3. Testing of the significance of the program effects of kinesiology activities at the multivariate level - MANCOVA model

MAIN EFFECT: GRUPA / GROUP (ispitanice.sta)

Manova test Value p-level
WilksLambda 5347
Rao R Form 2 (18,229) 8.3315 .0000
Pillai-Bartlett Trace 4836
V (18,223) 6.1350 .0000

\
Tabela 4. Testiranje znacajnosti efekata programa kinezioloskih aktivnosti na univarijantnom nivou - ANCOVA model /
Table 4. Testing the significance of the program effects of kinetic activity at the invariant level - ANCOVA model

Adjustend means (ispitanice.sta)

Varable vaiabes 5005 g | years, 2651 god.Iyears. 5257 o0 Iyears, _ Sodagod lyears, F (112 Sl
MFLISK 81.2341 84.8613 93.1062 98.1230 6.5861 .0000
MFLPRK 29.8633 26.1220 24.0622 21.0610 6.3451 .0008
MFLPRR 152.8442 144.7500 139.2106 132.1330 71321 .0000
MFLZLP 76.7355 73.1206 66.0126 61.0306 5.8663 .0009
MFLPLK 29.0664 26.1001 22.0727 21.1445 5.6310 .0010
MRCSKL 6.2120 5.5135 3.7635 3.8261 4.7281 .0015
MRCZTL 15.0336 10.1066 7.1682 6.0061 4.0660 .0026
MRCDTL 18.9886 16.2235 14.2633 124338 3.1360 .0106
MBFTAP 34.9934 33.2614 32.8867 31.4236 1.3843 2104
MBFTAN 26.1311 25.2466 23.6631 22.1406 1.8742 .0634

Najve¢i doprinos razlici izmedu grupa na final-
nom mjerenju (tabela 4), uz neutralizaciju razlika na
inicijalnom mjerenju, imaju sve primjenjene varija-
ble fleksibilnosti i repetitivne snage. Doprinos razlici
izmedu grupa nije ostvaren u varijablama brzine fre-
kventnih pokreta, i to: taping rukom — MBFTAP, cija
je signifikantnost (.2104) i taping nogom — MBFTAN,
Cija je signifikantnost (.6034), te se moze pretpostaviti
da je to posljedica primjene eksperimentalnog kinezio-
loskog programa. Kada su u pitanju motoricke sposob-
nosti moze se takode konstatovati da su kod sve Cetiri
eksperimentalne grupe utvrdene statisticki znacajne ra-
zlike u vecini primjenjenih motorickih varijabli, ali su
statisticki najznacajniji efekti kinezioloskih aktivnosti
ostvareni kod prve dvije grupe ispitanica. Tu se prije
svega misli na varijable fleksibilnosti trupa, ruku i ra-

The largest contribution to the difference between
groups at the final measurements (Table 4), by neutralizing
the difference in the initial measurement, has it all applied
variables of flexibility and repetitive strength. Contribu-
tion to the difference between the groups was not achieved
in the variables of speed frequency movement, namely:
hand tapping - MBFTAP, whose significance is (.2104)
and foot tapping - MBFTAN, which whose significance is
(.6034), and it can be assumed that this is a consequence of
the applying the experimental kinesiology program. When
it comes to motor skills it can also be concluded that in
all four experimental groups were no statistically signifi-
cant differences in most applied motor variables, but they
are statistically the most significant effects of kinesiology
activities achieved in the first two groups of respondents.
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menog pojasa i varijable repetitivne snage trupa, ruku i
ramenog pojasa.

Dobijeni rezultati istrazivanja su u skladu sa rezul-
tatima koje su dobili u svojim istrazivanjima (Miki¢ i
sar., 1978; Fuckar i sar.,1997; Kosti¢ i sar., 2003; Pug i
sar., 2007; Hadzi¢ & Miki¢,2009; Pape i sar., 2010; Tor-
lakovi¢ i sar., 2011; Miki¢ i sar., 2012), kojima su potvr-
dene statisticki znacajne promjene motorickih sposobno-
sti (fleksibilnosti, repetitivne snage, koordinacije) Zena,
nakon provedenog kinezioloskog tretmana.

ZAKLIUCAK

Eksperimentalni program primjenjenih kineziolos-
kih aktivnosti proizveo je znacajne efekte u transforma-
ciji morfoloskih karakteristika ispitanica (tjelesna masa,
body mass index, obimi i potkozno masno tkivo) tretira-
nih eksperimentalnih grupa.

Najznacajniji statisticki efekti kinezioloskih aktiv-
nosti (eksperimentalnog tretmana), ostvareni su kod prve
i druge grupe ispitanica koje su hronoloskog uzrasta 20
do 25 godina i 26 do 31 godine.

Dobijeni rezultati istrazivanja su u okviru rezulta-
ta koje su u svojim istrazivanjima dobili (Fuckar i sar.,
1997; Baiyos i sar., 2006; Mikalacki i sar., 2006; Arslan i
sar., 2010; Strbad i sar., 2011; Koroljev i sar., 2011; Zrni¢
i sar., 2012; Mikic¢ i sar., 2013), kojima su potvrdene po-
zitivne promjene morfoloskih karakteristika Zzena nakon
provedenog rekreativnog vjezbanja.

Prezentirani rezultati ukazuju da je eksperimentalni
program primjenjenih kinezioloskih aktivnosti proizveo
znacajne transformacione efekte morfoloskih karakteri-
stika ispitanica kod tretiranih eksperimentalnih grupa.

Moze se zakljuciti da se motoricke sposobnosti is-
pitanica poboljSavaju u periodu od adolescencije do 30.
godine zivota (Mikalacki, 2006; Makivi¢ i sar., 2007;
Hadzi¢ i sar., 2009; Pape i sar., 2010; Miki¢ i sar., 2012).
Opadajuci trend se o€itava u cijelom posmatranom peri-
odu od 30 — 44. godine zivota ispitanica.

Moze se zakljuciti da se fleksibilnost ispitanica odr-
zava i poboljsava vjezbanjem od perioda adolescencije
do 30. godine zivota. U periodu od 20. do 30. godine
zivota ispitanica svi testovi pokazuju najbolje rezultate.
Nakon ovog perioda u svim testovima, dolazi do manje,
ili visSe, osjetnog pada retultata sa manjim odstupanjima
kod testova pretklon na klupici i prednoZenje. Opadaju-
¢i trend ocitava se u cijelom posmatranom periodu od
30-44 godine zivota ispitanica. Nakon 37. godine Zivot
primjecuje se znacajan pad svih rezultata testova fleksi-
bilnosti i on se nastavlja sve do kraja posmatranog perio-
da, odnosno do 44 godine zivota, $to je u skladu sa istra-

This primarily refers to the variable of flexibility of the tor-
so, arms and shoulders and variable of repetitive strength
of trunk, arms and shoulders.

The obtained research results are consistent with the
results that have been achieved in their research (Mikic
et al., 1978 Fuckar et al., 1997; Kostic et al., 2003; Dug
et al., 2007; Hadzic & Mikic, 2009;Pope et al., 2010;
Torlakovi¢ et al., 2011; Mikic et al., 2012), with what
they confirmed statistically significant changes in mo-
tor skills (flexibility, repetitive strength, coordination) of
women, after applying the kinesiological treatment.

CoNCLUSION

The experimental program of applied kinesiology
activities produced significant effects in transformation
of morphological characteristics of the patients (body
weight, body mass index, circumferences and subcuta-
neous adipose tissue) of treated experimental groups.

The most statistically significant effects of kinetic
activity (experimental treatment), were achieved in the
first and second group of women who are chronological
age from 20-25 and 26-31.

The results of research are in the frame of the results
that were achieved in their studies (Fuckar et al., 1997;
Baiyos et al., 2006; Mikalacki et al., 2006; Arslan et al.,
2010; Strbad et al., 2011; Korolev et al., 2011; Zrni¢ et
al., 2012; Mikic et al., 2013), which have confirmed posi-
tive changes in the morphological characteristics of wo-
men after the recreational exercise.

The presented results show that the experimental
program of applied kinesiology activities produced si-
gnificant transformational effects of morphological cha-
racteristics of the patients treated with the experimental
group. It can be concluded that motor skills of subjects
improved during the period from adolescence to the age
of 30 (which Mikala¢, 2006; Makivi¢ et al., 2007; Hadzic
et al., 2009; Pope et al., 2010; Mikic et al.,2012). The
downward trend is reflected in the whole observed period
of 30 - 44 years old respondents.

It can be concluded that the flexibility of respon-
dents maintains and improves the exercise period of
adolescence to the age of 30. In the period from 20 to
30 years old respondents, all tests show the best results.
After this period in all tests, there is less, or more, noti-
ceable decreased results found with minor deviations at
testing the reach over the bench and bending over. The
downward trend is seen in fully observed period from 30
to 44 years old subjects. After the 37 years old, it is no-
ticeable a significant decrease of all test results on flexi-
bility and continues until the end of the observed period,
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zivanjima (Kosti¢ i Zagorc 2005; Mikalacki i sar., 2010;
Miki¢ i sar., 2012) . Ima li se u vidu da je trend opadanja
motorickih sposobnosti vrlo izrazen ukoliko se ne radi na
njihovom odrzavanju i razvijanju, onda i ne cude ovakvi
rezultati i tendencija opadanja ovih sposobnosti sa pove-
¢avanjem godina Zivota.
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that is up to 44 years of age, which is in line with research
(Kostic and Zagorc 2005; Mikalacki et al., 2010; Mikic
et al., 2012). Having in mind that the trend of decreasing
in motor skills is very strong unless it is done more on
their maintenance and development, then it is no surprise
for these results and the tendency of decreasing of these
abilities with increasing age.
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Sazetak: S ciljem formiranja hijerarhijske klasifikacije
ekspertnog modela najvaznijih metodic¢kih vjezbi za
poduku osnovnog zavoja, te utvrdivanja razlike medu
skijaskim struénjacima razliCitog stupnja skijaskog
obrazovanja, provedeno je istrazivanje na ukupnom
uzorku od 307 skijaskih stru¢njaka iz razli¢itih zemalja.
Zadatak ispitanika je bio da ispunjavanjem online an-
kete po vaznosti rangiraju formirani model najvaznijih
metodi¢kih vjezbi za poduku brzog vijuganja. Ekspert-
ni model najvaznijih metodickih vjezbi obuhvacao je 6
varijabli: ZBAVS (zavoj k brijegu aktivnim vodenjem
skija), ZBOUR (zavoj k brijegu i odraz u raspluzenje),
STV (tapovi na vratu), STUP (§tapovi u predru¢enju),
OZSP (osnovni zavoj s pljeskom), AVOZ (avioni os-
novnog zavoja). Radi ispitivanja statisticke znacajnosti
razlika u rangiranju metodickih vjezbi za poduku os-
novnog zavoja, ispitanici su podijeljeni temeljem stupnja
skijaskog obrazovanja kojeg posjeduju podijeljeni u
tri grupe. U skladu s postavljanim ciljem istrazivanja,
izraunate su vrijednosti sume ranga (XR) vrednovanja
najvaznijih metodickih vjezbi, neparametrijski ana-
logni post-hoc Kruskal-Walisov test (H), te pripadni
empirijski nivo signifikantnosti (p). Dobivene su
statisti¢ki znacajne razlike izmedu vrijednosti rangiran-
ja najvaznijih metodickih vjezbi za poduku osnovnog
zavoja (H=138,62; p<0,001). Na osnovu dobivenih
vrijednosti sume ranga u vrednovanju vaznosti prim-
jene metodickih vjezbi i utvrdene statisticki znacajne
razlike medu njima, formirana je hijerarhijska klasifi-
kacija. Ispitivanjem statisticke znacajnosti razlika medu
skijaskim stru¢njacima razli¢itog stupnja skijaskog
obrazovanja, viSestruka statisticki znacajna razlika
nije utvrdena. Dobiveni rezultati ovoga istrazivanja
omogucuju precizne i znanstveno utemeljene metodske
postavke za poduku skijaskog osnovnog zavoja. Time
se otvaraju pravci za provedbu bududih istrazivanja u
vidu konstrukcije mjernih instrumenata ¢ija bi prim-
jena u praksi trebala omoguciti kvalitetniju selekciju, te
izbor modaliteta metodickih vjezbi za poduku alpskih
skijasa razli¢itog uzrasta i razine skijaskih predznanja.

Kljuéne rijeci: hijerarhijska klasifikacija, skijaski
struénjaci, osnovni zavoj.

UDC: 796.921.063

Short notice

HiERARCHICAL CLASSIFICATION
METODICAL MODEL FOR TEACHING
BAsic Sk1 TURN

DaNuELA KuNA!, SANJIN DzAgi¢?
! University of Split, Faculty of Kinesiology, Split, Croatia
’High school ,,Konjic “, Bosnia and Herzegovina

Correspondence:

Danijela Kuna, PhD

Faculty of Kinesiology, University of Split, Split, Croatia
danijela.kuna@gmail.com

Abstract: With the goal to form the hierarchical clas-
sification of the most important methodical exercises
for teaching basic ski turn in ski schools and test dif-
ferences between ski experts based on their different
level of skiing education, there was conducted a survey
on the total sample of 307 ski experts from different
countries. Through the filling out the online survey they
tried to distinguish the importance of the formed model
of the most important methodical exercises for teach-
ing basic ski turn. Expert model of the most important
methodical exercises captured 6 variables: uphill turn
and jumping into snowplough, basic turn with hand
sideways, basic turn with clapping, ski poles in front,
ski poles on neck, uphill turn with active ski guiding.
In order to investigate the statistic meaning of differ-
ences in ranking the methodical exercises for teaching
basic ski turn, participants are divided into three groups
based on the degree of skiing education they posses. In
relation to above mentioned, sums of ranks (2_R) of the
most important methodical exercises for teaching ba-
sic ski turn have been calculated. Using non-parametric
analogue post-hoc analysis, i.e. Kruskal-Wallis test (H-
test) and appropriate empiric level of significance (p),
statistic significance of sums of ranks (2R) of the most
important methodical exercises for teaching basic ski
turn have been tested. Significant difference between
the value of ranking the most methodical exercises have
been obtained (H=138,62; p<0,001). Those variables
which were not different in statistically significant way
according to sums of rank were classified in one signifi-
cant group, while variables which showed statistically
significant difference were classified separately. Mul-
tiple statistically significant difference based on differ-
ent degree ski education between the ski experts were
not obvious. The results of this study provide an ac-
curate and scientifically based methodological settings
for teaching basic ski turn. This opens the directions for
future research in the form of construction of measuring
instruments whose application in practice should allow
better selection and choice of modalities methodical ex-
ercises for training alpine skiers of different ages and
levels of ski prior knowledge.

Key words: hierarchical classification, ski experts, ba-
sic ski turn.
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Uvob

Usvajanje i savladavanje razlicitih tehnika alpskog
skijanja je veoma kompleksan proces. Uvjetovan je evo-
lucijom razvoja skijaske opreme, uvjetima u kojima se
proces ucenja odvija, motivaciji i adekvatnoj skijaskoj
opremi. Izmedu ostalog ovisi o iskustvu i metodama
rada kojeg skijaski stru¢njaci razliCitog stupnja skijaske
izobrazbe u radu s polaznicima razlicitih skijaskih pred-
znanja primjenjuju. Kao rezultat toga brojni autori iz ra-
zlicitih skijaskih nacija daju svoje predodzbe, specificne
podjele i modele poucavanja pojedinih skijaskih tehni-
ka u suvremenim programima $kole skijanja (Feinberg
- Densmore, L., 2000; Jurkovi¢,N. 1 Jurkovi¢, D., 2003;
Matkovi¢, Ferenéak i Zvan, 2004; Fry, 2006; Murovec
2006; Anderson, 2007; Puskari¢, 2010; Ili¢, B., Ropret,
i Ili¢, M., 2010; Lesnik i Zvan, 2010). Jedan od novijih
modela je direktni put ucenja gdje se obuka vrsi pomocu
postepenog produzavanja duzine skije koristeéi iskljuci-
vo elemente paralelne skijaske tehnike (Murovec, 2006).
Ipak, najrasireniji i najpopularniji metodicki pristup u
poduci alpskih skijasa je onaj u kojem se koristi kom-
binacija elementa razli¢itih skijaskih tehnika (Lesnik i
Zvan, 2010). Programom $kole skijanja omogucéava se
i ubrzava proces svladavanja skijaskih znanja. Zadrza-
vajuci metodicki princip postupnosti, proces obuke alp-
skih skijasa potrebno je provoditi metodskim slijedom
od laksih, prema tezim, odnosno sloZenijim skijaskim
elementima. Iste zakonitosti vrijede u primjeni metodic-
kih vjezbi koje se koriste za njihovu obuku, stoga skijas-
ki elementi i metodi¢ke vjezbe trebaju dolaziti jedni za
drugima u logi¢nom metodskom slijedu. Prvi lik Skole
skijanja u ¢ijoj izvedbi se naizmjenicno koriste elemen-
ti paralelne i pluzne skijaske tehnike koriste¢i pri tome
konstrukcijske znacajke ,,carving® skija je osnovni zavoj.
Obuhvaca vec¢i broj specificnih skijaskih znanja kojima
se dinamicki povezanim zavojima uspje$sno mogu savla-
dati strmije skijaske staze. O stupnju usvojenosti i kva-
liteti izvedbe osnovnog zavoja ovisi daljnji tijek procesa
usvajanja buducéih skijaskih znanja (Kuna, 2012.), stoga
ga se moze nazvati jednim od temeljnih likova osnovne
Skole skijanja. Oslanjajuéi se na rezultate istrazivanja u
kojem je postavljen ekspertni model najvaznijih skijas-
kih elemenata programa osnovne $kole skijanja (Kuna,
2012) i formiranja ekspertnog modela za poduku osnov-
nog zavoja (Kuna, 2013), javila se ideja za formiranjem
hijerarhijske klasifikacije ekspertnog modela za njegovu
poduku. U svezi s navedenim, proizasli su sljede¢i ciljevi
ovog istrazivanja, a to su: a) formiranje hijerarhijske kla-
sifikacije ekspertnog modela za poduku osnovnog zavo-
ja, b) utvrdivanje razlike izmedu ucitelja i demonstratora

INTRODUCTION

Acquiring and mastering different techniques of al-
pine skiing is a very complex process. It is conditioned by
the evolution of skiing equipment, conditions in which ski-
ing learning process is performed, as well as motivation
and adequate skiing equipment. Besides this, it depends on
the experience and work methods used by skiing experts
of different levels of education on the learners of different
levels of skiing knowledge. As a result, numerous authors
from different skiing nations gave their concepts, specific
classifications and teaching models of certain skiing tech-
niques in contemporary skiing schools programmes (Fein-
berg - Densmore, L., 2000; Jurkovi¢ and Jurkovi¢, 2003;
Matkovi¢ et al., 2004; John, 2006; Murovec, 2006; Ander-
son, 2007; Puskari¢, 2010; Bozidar et al., 2010; Le$nik and
Zvan, 2010). One of newer models is the direct learning
model, in which the education is performed by gradual
elongation of skis" length, using exclusively the elements
of parallel skiing technique (Murovec, 2006). However, the
most used and most popular methodical approach in the ed-
ucation of alpine skiers is the one which uses combination
of different skiing techniques elements (Lesnik and Zvan,
2010). The skiing school programme enables and acceler-
ates the acquisition programme of skiing techniques. Main-
taining the methodical principle of progressivity, the alpine
skiers training process needs to be performed in a meth-
odologic sequence, from the easiest ones towards the most
difficult ones, that is, more complex skiing elements. Same
laws are valid for the application of methodical exercises
that are used for their training, therefore skiing elements
and methodical exercises should follow in a logical meth-
odological sequence. The first element of skiing school, in
whose performance the elements of parallel and snow plow
technique are used, while using the construction character-
istics of “carving” skis, is the basic turn. It includes a larger
amount of specific skiing knowledge that uses dynamically
connected turns in order to successfully master steeper ski-
ing slopes. The further process of skiing knowledge acqui-
sition depends on the degree of acquisition and quality of
basic turn performance (Kuna, 2012), therefore it can be
defined as one of the basic elements of elementary skiing
school. Based on the research results, in which expert mod-
el of the most important skiing elements of skiing elemen-
tary school programme was set (Kuna, 2012), and expert
model of basic turn teaching (Kuna, 2013), an idea of form-
ing hierarchical classification of expert teaching model oc-
curred. Related to this, the following aims of this research
were set: a) forming the hierarchical classification of basic
turn teaching expert model, b) determining the difference
between skiing teachers and assistants of different profes-
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skijanja razlicite razine stru¢nosti u rangiranju najvazni-
jih metodickih vjezbi za poduku osnovnog zavoja

METODE RADA

Istrazivanje se provelo u nekoliko faza. Najprije
su napravljeni video zapisi demonstracije 6 najvaznijih
metodickih vjezbi za poduku osnovnog zavoja. Potom
je uslijedila online priprema anketnog upitnika i postav-
ljanje na specijalizirani server namijenjen elektronskom
prikupljanju i analizi podataka na globalnoj razini. Radi
lakSeg razumijevanja, najvaznije metodicke vjezbe za
poduku osnovnog zavoja su opisane i prikaze pomocu
gif uratka. Nakon toga je putem e-maila upuceno pismo
namjere s molbom za sudjelovanje u istrazivanju, te link
s adresom pristupa popunjavanju ankete na mnogobrojne
e-mail adrese ucitelja i demonstratora skijanja razlicite
razine strucnosti iz ZUTS-a Slovenije, HZUTS-a Hrvat-
ske 1 ATUS-a Bosne 1 Hercegovine. Prikupljanje podata-
ka je trajalo ukupno 6 mjeseci. Radi utvrdivanja identifi-
kacije i iskustva u radu s alpskim skijaSima, ispitanici su
uvodni dio upitnika ispunili upisivanjem teksta i brojca-
ne vrijednosti u predvideno polje. Odabirom ponudenih
odgovora na skali od 1 do 6 izvrSeno je rangiranje prika-
zanih metodickih vjezbi za poduku osnovnog zavoja. Na-
kon pregledavanja varijabli identifikacije i klasifikacije
ispitanika koji su pristupili online ispunjavanju ankete,
za obradu podataka odabrani su rezultati od 307 ispitani-
ka. Od toga je bilo 119 slovenskih, 128 hrvatskih i 60 bo-
sansko-hercegovackih ucitelja i demonstratora skijanja
razliCite razine struc¢nosti, koji su u potpunosti ispunili
anketu. Njihovi rezultati rangiranja ekspertnog modela 6
najvaznijih metodickih vjezbi za poduku osnovnog za-
voja uvjetovali su formiranje hijerarhijske klasifikacije.
Da bi se utvrdilo postoje li statisticki znacajne razlike
izmedu ukupnog uzorka ispitanika, obzirom na razi-
nu skijaskog obrazovanja kojeg posjeduju, ispitanici su
podijeljeni u tri skupine. Prvu skupinu su ¢inili skijaski
struénjaci vrhunskog skijaSkog obrazovanja (SV): hr-
vatski, slovenski i bosansko-hercegovacki ¢lanovi demo
tema i demonstratori skijanja, te slovenski ucitelji ski-
janja III. razine N=78. Drugu skupinu ispitanika su ci-
nili skijaski stru¢njaci naprednog skijaskog obrazovanja
(SN): hrvatski ucitelji skijanja, te slovenski i bosansko-
hercegovacki ucitelji skijanja II. razine N=128. Tre¢u
skupinu ispitanika su ¢inili skijaski stru¢njaci osnovnog
skijaSkog obrazovanja (SO), hrvatski pripravnici ucite-
lja skijanja, te slovenski i bosansko-hercegovacki ucite-
1ji skijanja I. razine N=101. Ekspertni model najvaznijih
metodickih vjezbi za poduku osnovnog zavoja je Cinilo 6
vjezbi: ZBAVS (zavoj k brijegu aktivnim vodenjem ski-

sionalism levels in ranging the most important methodical
exercises for basic turn teaching.

METHODS

The research was conducted in several phases. First-
ly, the videos of 6 most important basic turn teaching me-
thodical exercises were filmed. Then, the online setting of
questionnaire and uploading on the specialized server used
in global electronic data collection and analysis was con-
ducted. For easier understanding, the most important me-
thodical exercises for basic turn teaching were described
and displayed via gif image format (Graphics Interchange
Format). After that, a letter of intent with a proposal of par-
ticipation in the research was sent via email, and the link
with the questionnaire address was sent to many e-mail
addresses of skiing teachers and assistants of different pro-
fessionalism levels from the Ski Associations of Slovenia,
Croatia and Bosnia and Herzegovina. The data collection
lasted for 6 months. With the aim of determining iden-
tification and experience in the work with alpine skiers,
the examinees filled in first part of the questionnaire by
writing in text and numerical value in the provided field.
The choice of the offered answers on the scale from 1 to
6 ranked the displayed methodological exercises for basic
turn teaching. After the inspection of the identification and
classification variables for the examinees that filled the on-
line questionnaire, the results of 307 examinees were cho-
sen for data processing: 119 Slovenian, 128 Croatian and
60 Bosnian-Herzegovinian skiing teachers and assistants
of different professionalism levels that filled in the entire
questionnaire. Their results of ranking expert model of six
most important methodological exercises for basic turn
teaching conditioned the forming of hierarchical classifi-
cation. To determine the existence of statistically signifi-
cant differences among the total number of examinees, re-
garding the level of skiing education, the examinees were
divided into 3 groups. The first group consisted of skiing
experts of elite skiing education (SE): Croatian, Slovenian
and Bosnian-Herzegovinian members of skiing teams and
skiing demonstrators, and Slovenian skiing teachers of 3™
level (N=78). The second group of examinees consisted of
skiing experts of advanced skiing knowledge (SA): Croa-
tian skiing teachers and Slovenian and Bosnian-Herzego-
vinian skiing teachers of 2™ level N=128. The third group
of examinees consisted of skiing experts of basic skiing
education (SB), Croatian assistants of skiing teachers, and
Slovenian and Bosnian-Herzegovinian skiing teachers of
I* level N=101. The expert model of the most important
methodological exercises for basic turn teaching consisted
of six exercises: TTHAS (turn towards the hill with active
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ja), ZBOUR (zavoj k brijegu i odraz u raspluZenje), STV
(§tapovi na vratu), STUP (§tapovi u predruéenju), OZSP
(osnovni zavoj s pljeskom), AVOZ (avioni osnovnog
zavoja). U skladu s postavljenim ciljevima istrazivanja:
a) formiranje hijerarhijske klasifikacije ekspertnog mo-
dela za poduku osnovnog zavoja, b) utvrdivanje razlike
izmedu ucitelja i demonstratora skijanja razlicite razine
struénosti u rangiranju najvaznijih metodickih vjezbi za
poduku osnovnog zavoja izraunate su vrijednosti sume
ranga (XR) vrednovanja najvaznijih metodickih vjezbi,
neparametrijski analogni post-hoc Kruskal-Walisov test
(H), te pripadni empirijski nivo signifikantnosti (p) radi
ispitivanja statisticki znacajne razlike u njihovoj klasifi-
kaciji.

REZULTATI 1 RASPRAVA

Statisticki znacajna razlika izmedu vrijednosti ran-
giranja najvaznijih metodickih vjezbi za poduku osnov-
nog zavoja (p<0,001) oc€ituje se prema dobivenim vrijed-
nostima Kruskal-Wallisovog testa (H-test) i pripadnog
empirijskog nivoa signifikantnosti (p) prikazanim u Ta-
blici 1. Pomocu neparametrijske analogne post-hoc ana-
lize, utvrdena je statisticki znacajna razlika medu vrijed-
nostima sume ranga metodickih vjezbi ZBAVS, ZBOUR,
STUP. OZSP i AVOZ za p=0,00. Takoder, statisticki zna-
cajna razlika utvrdena je medu vrijednostima sume ran-
ga vjezbi ZBOUR, STV i STUP, te izmedu vjezbi STUP,
OZSP i AVOZ, te operatora STUP i OZSP za p=0,00.

skiis), TTHTP (turn towards hill and take off into plow),
SPN (ski poles on neck), SPE (ski poles extended), BTC
(basic turn with clap), BTA (basic turn airplanes). In con-
cordance with the set research aims: a) forming the hier-
archical classification of basic turn teaching expert model,
b) determining the difference between skiing teachers and
assistants of different professionalism levels in ranking the
most important methodic exercises for basic turn teaching,
the rank sum (XR) of the most important methodologi-
cal exercises evaluation was calculated, as well as non-
parametric analogue post-hoc Kruskal-Wallis test (H) and
corresponding empirical level of significance (p), with the
aim of examining the statistically significant levels of their
classification difference.

REsuLTS

The statistically significant difference between the
values of ranking the most important methodical exerci-
ses for basic turn teaching (p<0.001) was revealed throu-
gh the obtained results of Kruskal-Wallis test (H-test) and
corresponding empirical level of significance (p), shown
in Table 1. Using the non-parametric analogue post-hoc
analysis, a statistically significant difference between the
rank sum of methodological exercises TTHAS, TTHTP,
SPE, BTC and BTA was determined for p=0.00. Also,
statistically significant difference was determined betwe-
en the rank sum of TTHTP, SPN and SPE exercises, and
between the SPE, BTC and BTA exercises, and operators
SPE and BTC for p=0.00.

Tablica 1. Suma ranga najvaznijih metodickih vjezbi za poduku osnovnog zavoja (XR), vrijednosti Kruskal-Wallisovog testa
(H-test) i pripadni nivo signifikantnosti (p) / Table 1. Rank sum of the most important methodological exercises for basic turn
teaching (XR), non-parametric analogue post-hoc Kruskal-Wallis test (H) and corresponding empirical level of significance (p)

METODICKE VJEZBE ZA PODUKU OSNOVNOG ZAVOJA / METHODICAL EXERCISES FOR BASIC TURN TEACHING

ZBAVS | TTHAS ZBOUR / TTHTP STV /SPN $TUP | SPE AVOZ/BTC IR
ZBAVS | TTHAS 752
ZBOUR/ TTHTP 0.00 935
STV/SPN 1.00 0.00 728
§TUP/ SPE 0.00 1.00 0.00 947
AVOZ | BTC 0.00 0.00 0.00 0.00 1132
0ZSP / BTA 0.00 0.30 0.00 0.61 0.36 1035

H=138.62; p<0.001

Prema dobivenim znacajnostima razlike u rangi-
ranju vaznosti primjene pojedinih metodickih vjezbi za
poduku osnovnog zavoja, a na osnovu vrijednosti sume
ranga, formirana je njihova hijerarhijska klasifikacija.
Metodicka vjezba koji ima najvecu vaznost u poduci

According to the obtained difference significances
in ranking the importance of applying certain metho-
dological exercises in basic turn teaching, and based on
the rank sum value, the hierarchical classification was
formed. Methodical exercise that is the most important
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osnovnog zavoja je AVOZ. Pomocu vjezbe AVOZ skijas
izvodi osnovni zavoj imitacijom aviona na nacin da tije-
kom paralelnog zavoja k brijegu vanjsku ruku spusta pre-
ma vanjskoj skiji dok unutarnju ruku podize odru¢enjem
u zrak. Visoka vrijednost ove metodicke vjezbe je u tome
Sto omogucava bolje uspostavljanje ravnoteznog polo-
7aja 1 optere¢enja nad vanjskom skijom tijekom izvedbe
zavoja k brijegu ¢ime se olakSava odraz u raspluzenje i
prelazak u novi zavoj. (Prikaz 1).

Prikaz 1. Avioni osnovnog zavoja - AVOZ

Na drugome mjestu je vjezba OZSP. Vrijednost ove
vjezbe se ogleda u tome Sto skija$ u fazi otvorenog zavo-
ja k brijegu Sake obiju ruku postavlja na koljena potisku-
juci ih prema zavoju ¢ime pospjesuje kruzna, vertikalna
i bocna gibanja koljena, te na taj nacin efikasnije spusta
centar tezista tijela. Raspluzenjem unutarnje skije, skija$
prelazi iz niskog u visoki skijaski stav, istodobno izvodi
pljesak s obje ruke koje podize ispred i iznad razine glave
¢ime je olakSan odraz i pravovremeni prelazak skija u
novi zavoj (Prikaz 2).

Prikaz 2. Iz zavoja k brijegu prelazak u raspluzenje pljeskom
s rukama (OZSP).

Na tre¢em mjestu po vaznosti su metodicke vjezbe
STUP i ZBOUR. U izvedbi vjezbe STUP skija paralelno
postavljene Stapove drzi u predrucenju. Glavno obiljez-
je ove metodicke vjezbe je uspostavljanje boljeg ravno-
teznog polozaja i centra opterecenja na skijama, ¢ime se
sprjecavaju negativni efekti zaostajanja tijela za skijama
i naginjanje skijasa prema nazad §to je jedna od najc¢escih
greski tijekom izvedbe osnovnog zavoja (Prikaz 3).

in teaching basic turn was BTA. This exercise helps the
skier to perform the basic turn by imitating aeroplane:
during the parallel turn towards the hill, he lowers his
outer arm towards the ski, while the inner arm is being
lifted up. The high value of this methodological exercise
is due to better achievement of balance and pressure on
the outer ski during performance of turn towards the hill,
what facilitates obtaining plow position and passing into
the new turn (Image 1).

Image 1. BTA - basic turn airplanes

Exercise BTC is at the second position. This exer-
cise enables the skier to put the fists of both hands on his
knees, pushing them towards the turn, in the phase of
open turn towards the hill, what facilitates circular, verti-
cal and lateral knee movement, more efficiently lowering
the body mass centre. By plowing the inner ski, the skier
goes from low to high skiing position, simultaneously
performing a clap with both hands that are lifted above
and in front of the head, what facilitates take off and ti-
mely passing of the skis to the following turn (Image 2).

Image 2. BTC - basic turn with clap

Third most important exercises are SPE and TTHTP
methodological exercises. While performing the SPE
exercise, the skier holds the parallel ski poles frontally
extended. The main characteristic of this methodical
exercise is the achievement of better balance and weight
centre on the skis, what prevents the negative effect of
body lingering after the skis and skier leaning back, what
is one of the most common errors during the basic turn
performance (Image 3).
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Prikaz 3. Stapovi u predrucenju (STUP)

Pomocu vjezbe ZBOUR skija$ izvodi kombinaciju
otvorenih zavoja k brijegu i odraza u raspluzenje, najpri-
je u jednu, pa potom u drugu stranu kretanja (Prikaz 4).

Faze prelaska iz otvorenog zavoja k brijegu u ra-
spluZzenje su temeljne strukturalne jedinice koje Cine
uspjes$nu izvedbu osnovnog zavoja. Pomocu njihove
parcijalne i naizmjeni¢ne izvedbe olakSava se usvajanje
i povezivanje ostalih strukturalnih jedinica, te osnovnog
zavoja u cijelosti.

Image 3. SPE - ski poles extended

In TTHTP exercise the skier performs the combinati-
on of open turns toward the hill and take offs into plow, in
one and then in the other movement direction (Image 4).

The phases of passing from opened slope towards
hill to plowing are the basic structural units that make a
successful basic turn performance. With the help of their
partial and alternate performance, the achievement and
connection of the remaining structural units, as well as
basic turn in total, is facilitated.

Prikaz 4. Zavoji k brijegu s naizmjenicnim odrazom u rasplu-
zenje (ZBOUR)

Na ¢&etvrtom mjestu su ZBAVS i STV. Uvjezbava-
nje zavoja k brijegu aktivnim vodenjem skija - ZBAVS
¢ini jedan od glavnih preduvjeta za daljnje usvajanje ne
samo osnovnog zavoja, nego i ostalih elemenata unutar
osnovne i napredne skole skijanja. 1z spusta koso ili rav-
no na paralelno postavljenim skijama, ovisno o skijase-
vim motorickim sposobnostima i skijaskim predznanji-
ma, pokretom oba koljena prema naprijed, dolje i u smje-
ru zavoja skija$ se iz visokog, spusta u nizi polozaj, te
postepeno opterecuje i uspostavlja ravnotezu na vanjskoj
skiji. Pomocu tzv. kruznih, vertikalnih i boc¢nih gibanja,
paralelno postavljene skije se aktivno vode u polukruz-
ni luk zavoja u zavoj k brijegu koji traje sve dok skije
ne dodu paralelno s padnom linijom. Ovom metodickom
vjezbom se uvjezbavaju istovremeni kruzni, vertikalni i
bocni pokreti koljenima o ¢emu u konacnici ovisi uspjes-
no upravljanje skija (Prikaz 5).

Image 4. TTHTP - turn towards hill and take off into plow

Fourth most important exercises are TTHAS and
SPN. Practising the slope towards the hill by active skis
guidance — TTHAS, makes one of the main preconditions
of the further acquisition of not only basic turn, but also
the remaining elements within the basic and advanced
skiing school. From slant or straight downhill on parallel
skis, depending on the skier's motor abilities and skiing
knowledge, by moving both knees forward, down and in
the slope direction, the skier lowers himself from high
into lower position, and gradually burdens and balances
on the outer ski. Helped by the so-called outer, vertical
and lateral movement, the parallel skis are actively direc-
ted towards the semi-circular arch of the turn and the turn
towards the hill that lasts until the skis are parallel to the
line of falling. This methodical exercise practices simul-
taneous circular, vertical and lateral knee movements,
that influence the successful ski directing (Image 5).
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Prikaz 5. Zavoj k brijegu aktivnim vodenjem skija (ZBAVS)

Pomoéu vjezbe STV skija§ osnovni zavoj izvodi dr-
zeCi paralelno postavljene Stapove na ramenima potisku-
juci tijekom izvedbe otvorenog zavoja k brijegu vanjsko
rame niz padinu u svrhu boljeg uspostavljanja ravnotez-
nog polozaja i opterecenja vanjske skije (Prikaz 6).

Ar

=0

Prikaz 6. Stapovi na vratu (STV)

U Tablici 2. su prikazani rezultati Kruskal-Waliso-
vog testa (H-test) i pripadnog empirijskog nivoa signifi-
kantnosti (p) u ispitivanju statisticke znacajnosti razlike
izmedu vrijednosti aritmetickih sredina sume ranga (AS
¥R) najvaznijih metodickih vjezbi za poduku osnovnog
zavoja tri grupe skijaskih stru¢njaka. Prema dobivenim
rezultatima vidljivo je da ne postoji statisticki znacajna
razlika medu njima. Na osnovu toga moze se konstatirati
kako su skijaski stru¢njaci unatoc razli¢itom stupnju ski-
jaskog obrazovanja kojeg posjeduju i iskustvu u radu sa
skijasima razlicitih skijaskih predznanja ¢inili homogenu
skupinu koja je na podjednak nacin po vaznosti klasifici-
rala metodicke vjezbe za poduku osnovnog zavoja.

Dobiveni rezultati hijerarhijske klasifikacije ek-
spertnog modela metodickih vjezbi za poduku osnovnog
zavoja, gledano na hipotetskoj razini, pridonose boljem
razumijevanju odnosa i definiranju temeljnih metodskih
postupaka u procesu poduke alpskih skijasa. Glavno
ograni¢enje ovog istrazivanja se ogleda u nemogucno-
sti kontroliranja ispitanika tijekom online ispunjavanja
ankete, zbog Cega se ne moze konstatirati kako su nji-
hovi odgovori u cijelosti bili realni. Dobiveni rezultati
otvaraju moguénost provedbe buduéih istrazivanja koji-
ma bi bilo zanimljivo definirati karakteristicne pogreske
te najucinkovitije vjezbe za njihovu korekciju prilikom

R - |

Image 5. TTHAS - turn towards the hill with active skiis

The SPN exercise helps the skier to perform the basic
turn by holding the parallel ski poles on his shoulders, by
pushing the outer shoulder down the hill during the open
turn towards the hill performance, with the aim of achie-
ving better balance and outer ski burdening (Image 6).

-

Image 6. SPN - ski poles on neck

Table 2 shows the results of Kruskal-Wallis test (H-
test) and the corresponding empirical level of significan-
ce (p) in the examination of statistical difference signi-
ficance between the values of arithmetic means of rank
sum (AS XR) of the most important methodical exercises
for basic turn teaching for three groups of skiing exper-
ts. According to the obtained results, it is obvious that
there was no statistically significant difference. Based on
this, it can be determined that the skiing experts, in spite
of the different degree of skiing education and experien-
ce in working with skiers of different knowledge, made
up a homogeneous group that classified the basic turn
methodical exercises equally. The obtained results of
hierarchical classification of the expert model of basic
turn teaching methodic exercises, in a hypothetical sense,
contribute to better understanding of relations and the de-
finition of basic methodical procedures in the process of
alpine skiers education. The main limit of this research is
the lack of possibility to control the examinees during the
online questionnaire, so it cannot be claimed that their re-
sults were entirely realistic. The obtained results open the
possibility of executing future research that could define
the usual errors and the most efficient exercises for their
correction while learning basic turn.

Also, a need for the construction of measuring in-
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Tablica 2. Vrijednosti aritmetickih sredina sume ranga u vrednovanju najvaznijih metodickih vjezbi za poduku osnovnog zavoja
(AS 2R), Kruskal-Wallisov (H) test i pripadni empirijski nivo signifikantnosti (p) radi ispitivanja razlike izmedu tri grupe skijaskih
strucnjaka osnovnog skijaskog obrazovanja (SO), naprednog skijaskog obrazovanja (SN) i vrhunskog skijaskog obrazovanja (SV).

/ Table 2. Values of arithmetic means of rank sum (AS ZR) of the most important methodical exercises for basic turn teaching,

Kruskal-Wallis test (H-test) and the corresponding empirical level of significance (p) in the examination of statistical difference
significance between the skiing experts of elite skiing education (SE), skiing experts of advanced skiing knowledge (SA) and skiing

experts of basic skiing education (SB)

Vjezbe osnovnog zavoja / S0/ SN/SA SVISE H p
Methodical Exercises for Basic Turn Teaching AS 5R AS SR AS IR

ZBAVS | TTHAS 159.94 159.86 141.99 2.94 0.22
ZBOUR/ TTHTP 157.31 154.29 151.07 0.23 0.89
STV/SPN 154.15 157.68 149.22 0.53 0.76
STUP / SPE 164.07 14343 159.61 3.33 0.18
AVOZ /| BTC 147.54 146.53 168.46 4.19 0.12
0ZSP | BTA 144.78 158.97 154.82 1.29 0.52

usvajanja osnovnog zavoja. Takoder se javlja potreba za
konstrukcijom mjernih instrumenata ¢ija bi primjena u
praksi trebala omoguciti kvalitetniju selekciju, te izbor
modaliteta treninga i trenaznih vjezbi u procesu poduke
alpskih skijasa razli¢itog uzrasta i razine skijaskih pred-
znanja.

ZAKLIJUCAK

Generalnim osvrtom na dobivene rezultate prove-
denog istrazivanja s ciljem formiranja hijerarhijske klasi-
fikacije ekspertnog modela metodickih vjezbi za poduku
osnovnog zavoja, te ispitivanja statisticke znacajnosti
razlika izmedu tri grupe skijaskih stru¢njaka razli¢itog
stupnja obrazovanja u njegovom vrednovanju, moze se
konstatirati kako dobivene spoznaje na generalnom ni-
vou omogucuju relativno kvalitetnije planiranje proce-
sa poduke alpskih skijasa. Usprkos razli¢itom stupnju
skijaskog obrazovanja kojeg ispitanici koji su formirali
hijerarhijsku klasifikaciju ekspertnog modela za poduku
osnovnog zavoja posjeduju, razlika medu njima nije utvr-
dena. Na temelju toga se moze zakljuciti kako su Cinili
homogenu skupinu koja je prepoznala vaznost i doprinos
pojedinacne vjezbe u metodici poduke alpskih skijasa.
Buduéi ne postoje radovi sli¢ne tematike, ovo istraziva-
nje ima posebnu vrijednost koja se ogleda u postavljanju
bazi¢nih struktura metodskih postavki koje osiguravaju
precizne smjernice za rad skijaskim stru¢njacima razlici-
tog obrazovanja. Ovo istrazivanje ¢ini dobar temelj bu-
du¢im istrazivanjima u kojima bi bilo pozeljno ukljuciti
skijaske stru¢njake diljem svijeta, te dodatno precizirati i
izvrsiti evaluaciju ekspertnog modela za poduku osnov-
nog zavoja.

struments occurred, whose practical application should
enable better quality selection, and the choice of training
modalities and training exercises in the process of edu-
cation of alpine skiers of different age and level of skiing
knowledge.

DiscussioN

The general review of the obtained results of the
conducted research, with the aim of forming the hierar-
chical classification of the expert model of methodolo-
gical exercises for basic turn teaching, and the examina-
tion of statistical difference significance between three
groups of skiing experts of different levels of education
in their evaluation, leads towards the conclusion that the
obtained knowledge generally enables relatively higher
quality of alpine skiers teaching process planning.

In spite of the different degree of skiing education
that examinees that formed the hierarchical classification
of the expert model of methodological exercises for basic
turn teaching had, the difference between them was not
determined. Based on this, it can be concluded that they
made a homogeneous group that recognised the impor-
tance and the contribution of the individual exercise in
the alpine skiers teaching methodics. Since there are no
papers of similar topic, this research is especially valua-
ble, in the sense that it sets the basic structures of metho-
dological settings that secure the precise guidelines for
the work of skiing experts of different education. This
research is a good basis for the future research in which
could include skiing experts worldwide, and additionally
determine and perform the evaluation of basic turn te-
aching expert model.
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SazZetak: Istrazivanje je imalo za cilj utvrditi promjene
funkcionalnih sposobnosti Zena pod uticajem rekreativ-
nog plivanja. Populacija iz koje je izvuCen uzorak je
populacija zdravih zena, hronoloske starosti od 35 do
45 godina, kod kojih dominira sedentaran nacin zivo-
ta. Procjena funkcionalne sposobnosti je testirana sa
sljede¢im varijablama: vitalni kapacitet, frekvencija
srca u miru, radni puls, sistolni arterijski krvni priti-
sak, dijastolni krvni pritisak i relativna potrosnja kise-
onika. Za sve rezultate izracunati su osnovni parametri
deskriptivne statistike, a za utvrdivanje razlika izmedu
inicijalnog i finalnog mjerenja primjenjen je t-test. Re-
zultati istrazivanja su pokazali da je nakon tromjesec-
ne primjene rekreativnog plivanja doslo do statisticki
znacajnih promjena vitalnog kapaciteteta (p = 0,000),
frekvencije srca u miru (p = 0,000) i relativne potros-
nje kiseonika (p = 0,000). Istrazivanjem je ustanovljeno
da program rekreativnog plivanja kod sedentarnih zena
srednjih godina moze efikasno djelovati na promjene
funkcionalnih sposobnosti.

Kljuéne rijedi: rekreacija, rekreativno plivanje, funkci-
onalne sposobnosti.

Uvop

Rekreativno plivanje je fizicka aktivnost koja zbog
svojih karakteristika moze u mnogome odgovoriti potre-
bama savremene zene. Kao fizicka aktivnost, plivanje
moze poboljsati zdravlje, fizicku kondiciju i kvalitet Zi-
vota (Saavedra i sar. 2007, Colado i sar. 2009, Fletcher i
sar. 1996, Cox i sar. 2008, Nualnim i sar. 2012). Trening
plivanja aktivira sve miSice tijela, poboljSava funkcija
svih sistema, kao i miSi¢nu i kardiovaskularnu izdrzlji-
vost (Ferretti, et all. 2014). Programi plivanja su acrobne
aktivnosti koje omogucuju zdravstvene prednosti u op-
Stoj populaciji (Schmid et al. 2007). Vjezbanje u vodi
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Abstract: The research was aimed at determining
the changes in functional abilities of women under
the influence of recreational swimming. The sampled
population consisted of healthy women, aged 35 to 45,
chronologically, with a dominant sedentary lifestyle.
The assessment of functional ability was tested using
the following variables: vital capacity, heart rate at rest,
working heart rate, systolic blood pressure, diastolic
blood pressure and relative oxygen consumption. Ba-
sic parameters of descriptive statistics were calculated
for all the results, whereas the T-test was applied to
determine the difference between the initial and final
measurement. The results of the research showed that
there were statistically significant changes of vital ca-
pacity after three months of recreational swimming (p =
0.000), heart rate at rest (p = 0.000) and relative oxygen
consumption (p = 0.000). The research found that the
programme of recreational swimming with sedentary
middle-aged women can act effectively to change func-
tional abilities.

Keywords: recreation, recreational swimming, func-
tional ability.

INTRODUCTION

Recreational swimming is a physical activity that can
greatly meet the needs of modern women due to its char-
acteristics. As a physical activity, swimming can improve
health, physical fitness and the quality of life (Saavedra et
al. 2007, Colado et al. 2009, Fletcher et al. 1996, Cox et al.
2008, Nualnim et al. 2012). A swimming training activates
all body muscles, improves the function of each system, in-
cluding the muscle and cardiovascular endurance (Ferretti,
et all. 2014). Swimming programmes are aerobic activities
that provide health benefits to general population (Schmid
et al. 2007). Exercising in water has advantages in com-
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ima prednost u odnosu na druge oblike aerobnih aktivno-
sti za ljude koji imaju artritis, dijabetes, teSkoc¢e u razvo-
ju, odnosno visak tezine (Lin, Davey, i Cochrane, 2004).
Aerobik u vodi povecava aerobni kapacitet za 24%, iz-
drzljivost za 24%, i toleranciju vjezbe za 26% Minor,
Hewett, Webel, Anderson, i Kay, 1989). Programi vjezbi
u vodi kada je glava iznad povrSine vode, mogu znacajno
poboljsati antropometrijske mjere, sastav tijela i uticati
na fizioloske promjene kod zdravih Zena srednjih godina
(Barbosa i sar., 2009). Povecanje kardiovaskularne iz-
drzljivosti doprinosi vecoj potrosnji kalorija, a njihova
potro$nja je veéa kada se poveéava trajanje i intenzitet
vjezbe. Plivanje jaca Zensko srce, pomaze u regulisanju
nivoa krvnog pritiska i holesterola, a smanjuje rizik od
mozdanog udara i bolesti srca. Plivanje §titi zglobove od
pokreta visokog intenziteta, kao $to je lupanje i poska-
kivanje, koji su zajednicki za vrijeme trcanja ili drugih
kopnenih aktivnosti. Plivanje je dobar izbor vjezbanja
za zene s osteoporozom, boles¢u koja Cini kosti krhke
i slabima. Vjezbanje u vodi omogucava tijelu 12 do 14
posto vise otpora nego prilikom vjezbanja na kopnu, §to
iziskuje puno vecu potrosnju kalorija. To se deSava zbog
toga sto je voda skoro 800 puta guséa od vazduha, i svaki
udarac, guranje, i sila je poput mini treninga otpora za
cijelo tijelo, narocCito oko sredi$njeg dijela, bokova, ruku,
ramena i zadnjice. Voda u osnovi neutralizuje gravitaci-
ju, pa je tijelo uronjeno u vodu gotovo bez tezine i rizi-
ka ozljede, Sto se ne moZe isto reci za tréanje ili trening
snage. Sa medicinskog, a posebno ortopedskog stanovi-
Sta, plivanje se ubraja u najpogodnije oblike tjelesnog
vjezbanja. Nema prakticno dobnog ogranicenja, plivati
moze dijete od rodenja, a starija osoba do kraja zivota.
Cirkulacijski sistem je pri plivanju rasterecen, jer se cir-
kulacijska petlja velikog krvotoka nalazi u vodoravnom
polozaju, a hidrostatski pritisak na povrsini tijela djeluje
povoljno na venski krvotok. Plivanje je narocito povolj-
no za gojazne osobe, koje teze nalaze odgovarajuci oblik
rekreativne aktivnosti, jer se u vodi ’gubi” masa tijela.
Zivot savremene Zene i njena viSestruka uloga, dovodi
do hroni¢nog zamora, smanjenja energetskog potencijala
(mentalnog i fizickog) i pojave mnogih bolesti kao Sto
su anksioznost, kardiorespiratorni poremecaji i mentalni
poremecaji. Zbog toga postoji jaka potreba za bijeg
iz svakodnevnog zivota koriste¢i kretnu rekreaciju u
slobodnom vremenu, a jedna od takvih aktivnosti je
plivanje (Berger, 1983). Fizicke prednosti rekreativnog
plivanja u cjelini su fizicka kondicija, poboljsanje kar-
diorespiratornog i kardiopulmonalnog sistema i misi¢na
izdrzljivost tijela. Pored toga kod Zena te prednosti su u
smanjenju tjelesne tezine i rizik od sréanih bolesti, sma-

parison to other forms of aerobic activities for people who
suffer from arthritis, diabetes, disability, i.e. excess weight
(Lin, Davey and Cochrane, 2004). Water aerobics increase
aerobic capacity by 24%, endurance by 24% and exercise
tolerance by 26% (Minor, Hewett, Webel, Anderson and
Kay, 1989). Programmes of exercising in water when you
keep your head above the water surface can significantly
improve anthropometric measures, body composition and
influence physiological changes of healthy middle-aged
women (Barbosa et al. 2009). Increasing cardiovascular
endurance contributes to the increased calorie consump-
tion due to the increased duration and intensity of train-
ing. Swimming strengthens women'’s heart, helps regulate
the level of blood pressure and cholesterol and reduces the
risk of a stroke and heart diseases. Swimming protects the
joints from high intensity movements, such as pounding and
bouncing, which are common during running or other land
activities. Swimming is a good choice of exercise for wom-
en with osteoporosis, a disease that makes bones fragile and
weak. Exercising in water provides the body with 12 to 14
percent more resistance than exercising on land, which re-
quires a significantly greater consumption of calories. That
happens due to the fact that water is almost 800 times denser
than air and each stroke, push or force is like a mini workout
of resistance for the whole body, especially the central parts,
hips, arms, shoulders and buttocks. Water basically neutral-
ises gravitation, therefore the body immersed in water has
almost no weight or the risk of injury, which you cannot
say for running or workout of strength. From a medical, and
particularly from the orthopaedic point of view, swimming
is listed as one of the most convenient forms of physical
exercise. Practically, there is no age limit; a child can swim
from its birth, as well as elderly people until the end of their
life. Circulation system is relieved in swimming, because
the circulation loop of the large blood flow is in a horizontal
position, whereas the hydrostatic pressure at the surface of
the body acts favourably to the venous circulation. Swim-
ming is particularly convenient for obese people, who have
trouble finding appropriate forms of recreational activities,
because body mass “disappears” in water. The life of a mod-
ern woman and her multiple roles lead to a chronic fatigue,
decreased energy potential (mental and physical) and the
occurrence of many diseases such as anxiety, cardiorespi-
ratory disorders, mental disorders etc. Therefore, there is a
strong need to escape from the everyday life using movable
recreation in free time, and one such activity is swimming
(Berger, 1983). Physical benefits of recreational swimming
are purely consisted in physical fitness, improved cardiore-
spiratory and cardiopulmonary systems and muscular en-
durance of the body. In addition, for women these benefits
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njenje negativnih psiholoskih faktora i simptoma meno-
pauze, lijeCenje celulita, poboljsanje cirkulacije, zastite
zena od rastuce bolesti raka. Cilj istrazivanja je da se
utvrdi da li postoje razlike u funkcionalnim sposobnosti-
ma sedentarnih zdravih Zena srednjih godina prije i na-
kon polazenja programa rekreativnog plivanja.

METOD RADA

Uzorak ispitanika

Populacija iz koje je izvu¢en namjerni uzorak za
istrazivanje, sacinjavale su zdrave Zene sa prostora gra-
da Banja Luka, starosti od 35 do 45 godina, kod kojih u
pogledu djela zivotnih navika dominira sedentaran nacin
zivota. Sve ispitanice (38) koje su bile obuhvacene istra-
zivanjem, redovno su pohadale program rekreativnog
plivanja koji je realizovan na Gradskom olimpijskom
bazenu u Banjoj Luci.

Uzorak varijabli

Procjena funkcionalnih sposobnosti mjerena je sa
sljede¢im varijablama: vitalni kapacitet (FVITKP), fre-
kvencija srca u miru (FFSRCM), radni puls (FFSRCR),
sistolni arterijski krvni pritisak (FTASI), dijastolni arte-
rijski krvni pritisak (FTADI) i relativna potrosnja kise-
onika (FRO,max). Radni puls se mjerio odmah nakon
realizacije testa hodanja UKK2km palpatorno u predjelu

Tabela 1. Program plivanja / 1

include weight loss and reduced heart disease risk, decrease
of negative factors and symptoms of menopause, treatment
of cellulite, improved circulation, protection of women
from the growing cancer risk. The aim of this research is to
establish whether there are differences in functional abilities
of healthy sedentary middle-aged women before and after
the programme of recreational swimming.

METHOD OF WORK

The sample

The population from which the sample was taken for
this research can be defined as the population of healthy
women from the area of the city of Banja Luka, aged 35
to 45, with a dominant sedentary lifestyle. All the examin-
ees (38) who were included in the experiment, regularly at-
tended the programme of recreational swimming which was
implemented at the city’s Olympic pool in Banja Luka.

The sample of variables

The evaluation of functional abilities was measured
with the following variables: vital capacity (FVITKP), heart
rate at rest (FFSRCM), working heart rate (FFSRCR), sys-
tolic arterial blood pressure (FTAS]I), diastolic arterial blood
pressure (FTADI) and relative oxygen consumption (FRO-
,max). Working heart rate was measured immediately after
the completion of the test of walking UKK2km palpation

able 1. Swimming Programme

Vjezbe | Exercises

Sedmica / Week Opterecenje / Load Ucestalost / Rate

Zagrijavanje (10 min) /

Warming up (10 min) Istezanje / Stretching

RPE 75

Glavne vjezbe (40 min) /

! - ' 1.Kraul - udarci nogama / Crawl - leg stroke
Main exercises (40 min)

1-4 sedmica / week  55-65% HRR (RPE 8-10)

2.Disanje u pokretu / Breathing while moving

3.Plutanje horizontalno / Floating horizontally

4. Udarci sa daskom za plivanje / Movements with swimming

board

5. Kraul ruke / Crawl hands

5-8 sedmica /week  65-75% HRR (RPE 10-12)

6.Kombinacija slobodnog stila / Free style combination

7.Ledno udarci nogama / Leg movements in backstroke

3 puta/sedmicno / times/week

8.Kraul plivanje / Crawl swimming

9.Ledno ruke / Backstroke of arms

10.Ledna kombinacija / Backstroke combination

9-12 sedmica / week  75-85% HRR (RPE 12-14)

11.Ledno plivanje / Backstroke swimming

12.Prsno-udarci nogama / Breaststroke swimming - legs

13.Prsno ruke / Breaststroke -arms

14.Prsno plivanje / Breaststroke swimming

15.Prsno kombinacija / Breaststroke combination

Hladenje (10 min) /

Cooling (10 min) Istezanje / Stretching

RPE 75
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karotidne arterije tako $to su brojani otkucaji srca u 10
sekundi pa se dobijena vrijednost mnozila sa Sest. Si-
stolni i dijastolni arterijski krvni pritisak mjerio se apa-
ratom sa manzetnom marke ‘*Teleoptik”. IzraCunavanje
fitnes indeksa i odredivanje relativne potrosnje kiseoni-
ka (RVO2max- mL/kg/min) realizovalo se indirektnom
metodom pomocu formula koje su izvedene iz UKK2km
testa hodanja (Oja i Tuxworth, 1995).

Program plivanja

Program rekreativnog plivanja je trajao tri mjeseca,
tj. 12 sedmica Treninzi su se odrzavali tri puta sedmicno
u vecernjim terminima, svaki trening je trajao 60 minuta.
Vjezbe zagrijavanja i hladenja trajale su po 10 minuta,
a glavne vjezbe su trajale 40 minuta. Detaljan program
plivanja prikazan je u tabeli 1.

Metode obrade podataka

Za svaku varijablu izraunati su osnovni parametri
deskriptivne statistike: minimalni rezultat (Min), maksi-
malni rezultat (Max), aritmeticka sredina (AS), standar-
dna devijacija (SD), - asimetri¢nost distribucije rezulta-
ta (Skew), spljostenost distribucije rezultata (Kurt.). Za
utvrdivanje razlika izmedu inicijalnog i finalnog mjere-
nja primjenjen je t-test (Malacko i Popovi¢, 2001). Zna-
Cajnost razlika utvrdena je na nivou p<0,05.

REZULTATI

Rezultati deskriptivne analize obuhvatili su osnovne
parametre identifikovanih funkcionalnih sposobnosti na
inicijalnom i finalnom mjerenju (Tabela 2). U kontekstu
inicijalnog mjerenja uocava se da vrijednosti centralnih i
disperzionih parametara varijabli za procjenu funkciona-
Inih sposobnosti pokazuju normalnu raspodjelu rezultata.
Uvidom u dobijene vrijednosti rezultata funkcionalnih
sposobnosti na finalnom mjerenju moze se konstatovati
da nema znacajnih odstupanja od normalne distribucije,
s obzirom na to da vrijednosti koeficijenata zakrivljenos-
ti (Skjunis) ne prelaze 1,00, izuzev kod varijable Vitalni
kapacitet (FVITKP) (-1,714), koja znacajno odstupa od
normalne distribucije. Vrijednosti koeficijenta zaobljen-
osti (Kurtosis) krecu se ispod normalne vrijednosti distri-
bucije 2,75, §to Cini distribuciju platikurticnom ili rasp-
linutom, izuzev kod varijable Vitalni kapacitet (FVITKP)
(4,690), sto ukazuje na povecanu koncentraciju rezultata
oko aritmeticke sredine.

measurement in the area of carotid artery by measuring
heart beats in 10 seconds multiplying the resulting value
by six. Systolic and diastolic arterial blood pressures were
measured by a device with a “’Teleoptik™ brand cuff. Calcu-
lation of fitness index and the determination of relative oxy-
gen consumption (RVO2max- mL/kg/min) were achieved
through an indirect method using formulas derived from
UKKZ2km test of walking (Oja & Tuxworth, 1995).

Swimming programme

The programme of recreational swimming lasted
three months, i.e. 12 weeks. Trainings were held three
times a week in the evening, each training session lasted
for 60 minutes. Warming and cooling exercises lasted
about 10 minutes, whilst main exercises lasted for 40
minutes. A detailed programme of swimming is shown in
Table 1 given below.

Methods of data processing

Basic parameters of descriptive statistics were calcu-
lated for each variable: minimum score (Min), maximum
score (Max), arithmetic mean (AS), standard deviation
(SD), - asymmetry of result distribution (Skew), flatness of
result distribution (Kurt.). In order to determine the differ-
ence between the initial and final measurement, the T-test
was applied (Malacko and Popovi¢, 2001). The significance
of the conclusion was determined at the level of p<0,05.

REsuLTS

The results of the descriptive analysis included the
basic parameters of the identified functional abilities at the
initial and final measurement (Table 1). In the context of
the initial measurement, it can be noted that the values of
central and dispersion variable parameters for the assess-
ment of functional abilities showed normal distribution of
results. After examining the values of the results obtained
for functional abilities at the final measurement, it can be
concluded that there are no significant deviations from the
normal distribution, given that the values of the coefficient
of curvature (Skjunis) do not exceed 1,00, except for the
variable of Vital capacity (FVITKP) (-1,714), which sig-
nificantly differs from the normal distribution. The values
of the coefficient kurtosis (Kurtosis) are below the normal
value of distribution 2,75, which makes the distribution
platykurtic or fuzzy, except for the Vital capacity variable
(FVITKP) (4,690), indicating an increased concentration
of results around the arithmetic mean.
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Tabela 2. Deskriptivni statisticki parametri funkcionalnih varijabli na inicijalnom i finalnom mjerenju /
Table 2. Descriptive statistical parameters of functional variables on initial and final measuring

Varijable n Min. Max. AS SD Sk. Kt.
FVITKP 38 2100 3700 3040.79 320.442 -.581 923
FFSRCM 38 62 96 83.16 8.089 -.928 426
FFSRCR 38 19 186 159.34 18.594 -.625 =317
FTASI 38 104 164 124.66 14.880 178 167
3‘ FTADI 38 60 86 74.16 6.792 .038 -.524
E FRVO2maks. mi/kg/min 38 15.9 49.3 32.532 7.9510 -.082 120
FVITKP 38 2200.0 4000.0 3484.211 345.2585 -1.714 4.690
FFSRCM 38 64.0 84.0 75.789 6.2349 -.626 -627
FFSRCR 38 136.0 178.0 159.842 10.3598 -.340 -477
FTASI 38 114.0 138.0 127.053 5.4572 -110 -409
= FTADI 38 68.0 92.0 75.211 5.1473 .836 1.683
£ FRVO2 maks. mi/kg/min 38 22.2 53.1 37.782 7.2218 -.085 A72

Legenda: n - Broj ispitanika;, Min - Minimum,; Max - Maksimum; AS - Aritmeticka sredina; SD — Standardna devijacija;
Skew - Asimetricnost distribucije rezultata; Kurt. - Spljostenost distribucije rezultata; FVITKP — Vitalni kapacitet; FFSRCM
— Frekvencija srca u miru;, FFSRCR — Radni puls FTASI — Sistolni krvni pritisak; FTADI — Dijastolni krvni pritisak;, FRVO-

,maks. ml/kg/min — Relativna potro$nja kiseonika; Initaial - Inicijalno, Final - Finalno. /

Legend: n — Number of respondents; Min - Minimum, Max - Maximum,; AS- Arithmetic mean;SD — Standard deviation; Skew
— Result distribution asymmetry; Kurt. — Result distribution flatness;, FVITKP — Vital capacity, FFSRCM — Heart frequency
at rest; FFSRCR — Working pulse; FTASI —Systolic blood pressure; FTADI — Diastolic heart pressure; FRVO,maks. — Rela-
tive Oxygen Consumption, Initial- Final

Rezultatima t-testa kojim su utvrdivane promjene izmedu
inicijalnog i finalnog mjerenja (Tabela 3) bili su opser-
virani parametri: aritmeticke sredine razlika izmedu
inicijalnih i finalnih mjerenja (AS inicijalnog i finalnog
mjerenja), standardna devijacija izmedu inicijalnog i fi-
nalnog mjerenja (SD), Pearsonov koeficijent korelacije
(r), vrijednost t-testa (t), kao i vjerovatnoca greske pri
odbacivanju hipoteze (p). Na osnovu testiranih vari-
jabli za procjenu funkcionalnih sposobnosti, vidi se da
izmedu inicijalnog i finalnog mjerenja postoji statisticki
znacajna razlika kod varijabli Vitalni kapacitet (FVIT-
KP, p = 0,000), Frekvencija srca u miru (FFSRCM, p =
0,000) 1 Relativha potro$nja kiseonika (FRVO,max, p =
0,000), u smjeru pozeljnijih rezultata u finalnom mjeren-
ju. Kod ostalih varijabli uocene razlike nisu statisticki
znacajne. Kod sve tri navedene varijable uocene razlike
su rezultati finalnog mjerenja.

The results of the T-test, which was used to determine the
changes between the initial and final measurement (Table
3) consisted of the observed parameters: arithmetic mean
of the initial and final measurements (AS initial and final
measurements), standard deviation between the initial
and final measurements (SD), Pearson coefficient of cor-
relation (r), T-test value (t), as well as the probability of
errors in the rejection of this hypothesis (p). Based on the
tested variables for assessment of functional abilities, it
can be seen that between the initial and final measure-
ment there is a statistically significant difference when
it comes to the variables of Vital capacity (FVITKP, p
= 0,000), Heart rate at rest (FFSRCM, p = 0,000) and
Relative oxygen consumption (FRVO, max, p = 0,000),
while the noted differences when it comes to other vari-
ables were not statistically important. The differences
noted with regards to all three given variables were a re-
sult of the final measurement.
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Tabela 3. T—test razlika izmedu inicijalnog i finalnog mjerenja u varijablama za procjenu funkcionalnih sposobnosti /
Table 3. T—test between the initial and final measuring in variables for the evaluation of functional abilities

Varijable AS SD r t p
Initial 3040.789 320.442

FVITKP 0.845 -14.634 0.000
Final 3484.211 345.258
Initial 83.158 8.089

FFSRCM 0.702 7.843 0.000
Final 75.789 6.235
Initial 159.342 18.594

FFSRCR 0.165 -0.156 0.877
Final 159.842 10.360
Initial 124.658 14.880

FTASI 0.514 -1.140 0.262
Final 127.053 5.457
Initial 74.158 6.792

FTADI . 0.362 -0.944 0.352
Final 75.211 5.147
Initial 32.532 7.951

FRVO,.maks ml/kg/min 0.907 -9.642 0.000
Final 37.782 7.222

Legenda: M - Aritmeticka sredina; SD - Standardna devijacija; SE - Standardna greska; r — Pirsonov koeficijent korelacije;
t — vrijednost Studentova t-testa; p - Vjerovatnoc¢a;, FVITKP — Vitalni kapacitet inicijalni — finalni; FFSRCM — Puls u mirova-
nju inicijalni — finalni;, FFSRCR — Radni puls inicijalni — finalni; FTASI — Sistolni pritisak inicijalni — finalni;, FTADI — Dija-
stolni pritisak inicijalni — finalni; FRVO naks. ml/kg/min — Relativna potro$nja kiseonika inicijalna — finalna /
Legend: M — Arithmetic mean; SD — Standard deviation, SE — Standard error; r — Pearson correlation coefficient; t — value of
the Student s t-test; p - Probability; FVITKP — Vital capacity — initial-final; FFSRCM — Pulse at rest initial — final; FFSRCR —
Working pulse initial-final;, FTASI — Systolic pressure initial - final; FTADI — Diastolic pressure initial - final, FRVO jnaks. —
Relative oxygen consumption initial — final.

DisKusIA

Rekreativno plivanje predstavlja aktivnost koja se
bez rizika moze upotrijebiti, kako za poboljsanje funk-
cionalnih sposobnosti, tako i sveukupnog zdravlja kod
najsire populacije rekreativnih vezbaca. Tretirane vari-
jable su funkcionalno povezane i predstavljaju indikator
sposobnosti kardiovaskularnog, respiratornog i drugih
organskih sistema (Costil, 1992). Za dobre funkcionalne
sposobnosti potreban je odgovaraju¢i nivo sposobnosti,
a one se mogu ostvariti redovnim i odgovarajuc¢im fizi¢-
kim aktivnostima. Green (1989) iznosi podatak da je ae-
robik u vodi idealan modalitet za povoljne zdravstvene
promjene. Analizirajuci rezultate istrazivanja (Tabela 3)
vidimo da je najbolji rezultat (poboljSanje za 443,422 ml)
ostvaren kod varijable Vitalni kapacitet (FVITKP, pre test
3040,789, post test 3484,211, p=0,000). Poboljsanja ove
sposobnosti se ogleda u specificnim vjezbama kada je
glava u vodi prilikom horizontalnog kretanja tijela kroz
vodu, te intervalne vjezbe promjenljivog intenziteta. Na-
ime, disanje izvan vode omogucuje povrsinsko (grudno)
disanje, za razliku od aktivnosti plivanje gdje je glava
u vodi i omogucuje dublje (dijafragmalno) disanje kad
udah ili izdah duze traju, ili zadrzavamo dah, Sto dodatno
pospjesuje rad di$nih i ostalih organa. (Khosravi i sarad-
nici 2013) navode da trening izdrzljivosti, u kombinaciji
sa treningom otpora, ima veci efekat na vitalni kapacitet.

DiscussioN

Recreational swimming is an activity that can be
used without risks in order to improve functional abilities,
as well as the overall health of the broad population of
recreational gymnasts. Treated variables are functionally
interconnected and are an indicator of the ability of car-
diovascular, respiratory and other body systems (Costil,
1992). An appropriate level of skills is necessary for good
functional abilities, which can be achieved through regu-
lar and adequate physical activity. Green (1989) pointed
out the data that water aerobics are an ideal modality for
favourable health changes. The analysis of research re-
sults (Table 3) shows that the best results (the improve-
ment by 443,422 ml) were achieved in the Vital capacity
variable (FVITKP, pre test 3040,789, post test 3484,211,
p = 0,000). Improvements of this ability are reflected in
specific exercises when the head is in the water during ho-
rizontal body movement through the water, as well as in
the interval exercise of a variable intensity. Namely, breat-
hing outside the water enables surface (thorax) breathing,
as opposed to swimming activities where the head is in the
water allowing a deeper (diaphragmatic) breathing when
an inhale or an exhale last longer, or in case of holding a
breath, which further improves the functioning of respira-
tory and other organs. (Khosravi et al. 2013) suggest that
endurance training, combined with resistance training, has

58

www.Siz-au.com



RADOMIR ZRNIC, ET AL.:
CHANGES IN FUNCTIONAL ABILITIES OF WOMEN UNDER THE INFLUENCE OF RECREATIONAL SWIMMING

SporTS SCIENCE AND HEALTH 6(1):53-61

Potrosnja kiseonika, tj. njena realativna vrijednost (Ta-
bela 3, FRVO,max. - ml/kg/min) je takode poboljsana
za 5,250 ml/kg/min (pre test 32,532, post test 37,782; p
= 0,000). Plivanje je aktivnost kojom se mogu povecati
aerobne sposobnosti, a potrosnja kiseonika je osnovni in-
dikator aerobne sposobnosti. PoboljSanje ove sposobno-
sti, omogucio je kontinuirani rad u aerobnoj zoni, koji se
intenzitetom opterecenja i duzinom dionice progresivno
povecavao svaki naredni mjesec. Slicno nasem istraziva-
nju, autori (Martin i saradnici, 1987) su testirali intenziv-
ni program plivanja na kardiovaskularnu adaptaciju zena
i muskaraca srednje dobi. Program je trajao 12 nedjelja,
6 puta sedmicno se plivalo, a tri puta sedmicno se radilo
sa utezima. Svaki trening je trajao 60 minuta. Prve dvije
sedmice ispitanici su plivali 30 do 45 minuta po trenin-
gu. Zadnje dvije sedmice ispitanici su u prosjeku plivali
2 km po treningu u rezimu kontinuiranog i intervalnog
rada. Od ukupne preplivane udaljenosti pojedina¢nog
treninga, oko 25% se odnosio na rad donjih ekstremiteta.
Kruzni trening se izvodio sa 15 pojedinacnih vjezbi koje
su ukljucivale gornje i donje ekstremitete, a svaka vjezba
se ponavljala 10 do 15 puta. Top of Form

Rezultati plivanja su pokazali da je nakon tretmana
plivanja VO2max poboljsan za 16% (p <0,001). Pove-
¢ana potrosnja kiseonika (VO2 max) je bila povezana sa
manjim brojem otkucaja srca u mirovanju. Frekvencija
srca je mjera kojom se moze precizno kontrolisati i do-
zirati opterecenje u radu. Nasi rezultati finalnog mjere-
nja pokazuju da je puls u mirovanju smanjen za 7,369
otkucaja u minuti (pre test 83,158, post test 75,789; p
= 0,000). Pozitivne promjene ove sposobnosti (testa),
omogucio je kontrolisani rad sa vjezbama kontinuiteta
1 intervalnog treninga dionica plivanja u aerobnoj zoni
rada. Naime, intenzitet kontinuiranog i intervalnog re-
kreativnog plivanja, odnosno dionice plivanja, progre-
sivno su se povecavale iz mjeseca u mjesec. Napredak/
trenutno stanje je prac¢eno mjerenjem pulsa poslije svake
aktivnosti/dionice, ¢ime se kontrolisao intenzitet poslije
rada i isti planirao za narednu aktivnost. Nasi rezulta-
ti se mogu uporediti sa rezultatima Mohr-a i saradnika
(2014) koji su istrazivali uticaj rekreativnog plivanja na
blagu hipertenziju kod sedentarnih Zena srednjih godi-
na. Uzorak od 67 Zena, podijeljenih u tri grupe (visoki
1 umjereni intenzitet i kontrolna) su bile pod tretmanom
15 sedmica. Grupa koja je plivala visokim intenzitetom
(3 puta sedmicno, 6-10 intervala u 30 minuta sa pauzom
od 2 minuta izmedu) je smanjila puls u mirovanju za 5 +
1 min (p <0,05) i masno tkivo za 1,1 £ 0,2 kg (p <0,05).
Druga grupa, koja je plivala u kontinuitetu umjerenim
intenzitetom (3 x sedmic¢no) je takode smanjila puls u

a greater effect on vital capacities. Oxygen consumption
i.e. its relative value (Table 3, FRVO,max. - ml/kg/min) is
also improved by 5.250 ml/kg/min (pre test 32.532, post
test 37.782; p=0.000). Swimming is an activity which can
increase aerobic capacity, whilst oxygen consumption is
the main indicator of aerobic capacity. The improvement
of this capacity was enabled by a continuous work in aero-
bic zone, which increased progressively each month by the
intensity of load and the length of swimming section. Si-
milar to our research, authors (Martin et al, 1987) tested an
intensive swimming programme at cardiovascular adap-
tation of middle-aged women and men. The programme
lasted 12 weeks, with swimming organised 6 times a
week and exercises with weights were done three times
a week. Each training session lasted 60 minutes. During
the first two weeks, the examinees swam 30 to 45 minutes
per session. The final two weeks, the examinees swam on
average 2 km per session in a workout of continuous and
interval regime. Out of the total distance of swimming du-
ring an individual training, around 25% focused on lower
extremities. Circuit training was performed with 15 indi-
vidual exercises which included upper and lower extremi-
ties, whereas each exercise was repeated 10 to 15 times.
The results of swimming showed that after a swimming
sessionTop of Form

the results of swimming VO2max was improved
by 16% (p <0.001). The increased oxygen consumption
(VO2 max) was associated with fewer heart beats at rest.
Heart rate is a measure which enables a precise control and
dosing of load at work. Our results of final measurement
showed that the pulse at rest was reduced by 7.369 beats
per minute (pre test 83.158, post test 75.789; p = 0.000).
Positive changes of this ability (test) were enabled by a
controlled work with exercises of continuity and interval
training at swimming sections in aerobic work zone. Na-
mely, the intensity of continuous and interval recreatio-
nal swimming, i.e. swimming section, was progressively
increased from one month to another. Progress/current
state was monitored by measuring the pulse after each
activity/section, thereby controlling the intensity after
work and planning it for the following activity. Our re-
sults are comparable with the results of Mohr et al (2014)
who studied the impact of recreational swimming at mild
hypertension in sedentary middle-aged women. A sample
of 67 women, divided into three groups (high and mode-
rate intensity and control), were under the treatment for
15 weeks. The group which swam with high intensity (3
times a week, 6-10 intervals in 30 minutes with a 2-minute
break in-between) reduced the pulse at rest by 5 £ 1 min
(p <0,05) and adipose tissue by 1.1 £ 0.2 kg (p <0.05).
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mirovanju za 5 + 1 min (p <0,05) i masno tkivo za 2,2 +
0,3 kg (p <0,05). U kontrolnoj grupi sve mjerene varija-
ble su bile sli¢ne prije i poslije perioda intervencije. Au-
tori zakljuCuju da visoki intenzitet sa prekidima plivanja
je efikasna strategija obuke za poboljsanje kardiovasku-
larnog zdravlja i fizicke performanse u sedentarnih zena
sa blagom hipertenzijom. Adaptacije su sli¢ne za trening
visokog i umjerenog intenziteta, iako je vidljivo manje
provedenog ukupnog vremena i prijedenih kilometara u
grupi visokog intenziteta. U ovom istrazivanju, rekrea-
tivni program plivanja kombinovan intervalima i konti-
nuitetom uticao je na efikasnu adaptaciju funkcionalnih
sposobnosti neaktivnih Zena srednjih godina. Rezultati
istrazivanja omogucuju Sire sagledavanje uticaja rekrea-
tivnog plivanja kao oblik zdravlja i fitnes treninga, kao i
stvaranja baze podataka o funkcionalnim sposobnostima
srednjovjecnih Zena za ovu aktivnost.

ZAKLIUCAK

Analizirajuci vrijednosti tretiranih varijabli, kao po-
kazatelje funkcionalnih sposobnosti nakon tromjese¢nog
rekreativnog plivanja, zaklju€ujemo da su najbolji rezul-
tati, statisticki znacajni, ostvareni u povecanju vitalnog
kapaciteta, ve¢oj relativnoj potro$nji kiseonika i manjoj
frekvenciji srca u mirovanju. Tome su najvise doprinijeli
zadaci intervalnog i kontinuiranog rada koji su se progre-
sivno povecavali svaki naredni mjesec. Kod ostalih vari-
jabli kao $to je sistolni i dijastolni krvni pritisak, te radni
puls, nije bilo statisticki znacajne promjene, te smatramo
da je potreban duzi trenazni vremenski period za vece
promjene ovih varijabli. Nasi rezultati su potvrdili dosa-
dasnja sli¢na istrazivanja (Martin i sar. 1987; Khosravi
i sar. 2013; Mohr 1 sar. 2014), pa se na osnovu toga za
poboljsanje/pozitivne promjene funkcionalnih sposob-
nosti, program rekreativnog plivanja moze preporuciti
populaciji zdravih Zena srednje dobi, kod kojih dominira
sedentaran nacin Zivota i rada.

Izjava autora. Autori pridonijeli jednako.
Konflikt interesa. Mi izjavljujemo da nemamo konflikt
interesa.

The second group, which continuously worked with mo-
derate intensity (3 x week) also reduced the pulse at rest
by 5 = 1 min (p <0.05) and adipose tissue by 2.2 + 0,3
kg (p <0.05). In the control group, all measured variables
were similar before and after the intervention period. The
authors conclude that high intensity with breaks in swim-
ming is an effective training strategy for the improve-
ment of cardiovascular health and physical performances
in sedentary women with mild hypertension. Adaptations
were similar for high-intensity and moderate-intensity
trainings, although evidently less overall time was spent
and mileage achieved in the high-intensity group. In this
research, the programme of recreational swimming, both
with intervals and in continuity, influenced the effective
adaptation of functional abilities of inactive middle-aged
women. The results of this research provide a broader
overview of the effects of recreational swimming as a
form of health and fitness training, as well as a creation
of a database on functional abilities of middle-aged wo-
men for this activity.

CoONCLUSION

Analysing the values of variables treated, as an
indicator of functional abilities after a three-month re-
creational swimming, we conclude that the best results,
statistically significant, were achieved in the increase
of vital capacities, greater relative oxygen consumption
and lower heart rate at rest. This was mostly contribu-
ted by the tasks of interval and continuous work which
were progressively increased each month. With regards
to other variables, such as systolic and diastolic blood
pressure, as well as the working heart rate, there were no
statistically significant changes, therefore we believe that
a longer training period is necessary for major changes
of these variables. Our results confirmed previous similar
studies (Martin et al. 1987; Khosravi et al. 2013; Mohr et
al. 2014), therefore for the improvement/positive chan-
ges in functional abilities, the programme of recreatio-
nal swimming can be recommended to the population of
healthy middle-aged women, with a dominant sedentary
work and life style.

Authorship statement. The authors have contributed equally.
Financial disclosure. We declare that we have no conflicts of
interest.
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SaZetak: Brojne studije pokazuju da $iri opseg antropo-
loskih karakteristika i pokazatelja zdravlja, bitno utjece
na uspjeh u nogometu. Stalno praéenje ovih pokazatelja
pruza trenerima podatke korisne za planiranje trenaznog
procesa, prilagodenog konkretnim sportasima. Ova stu-
dija istrazuje osnovne morfoloske, fizioloske i zdravstve-
ne (MFZ) pokazatelje odraslih nogometasa raznih razina
sportske izvrsnosti. Cilj ove studije je utvrdivanje razlika
u MFZ pokazateljima, kao i njihovu povezanost, u od-
nosu na dobnu skupinu sportasa. Utvrdit ¢e se i razliCiti
profili nogometasa, u odnosu na odabrane MFZ varija-
ble. Ispitan je uzorak od 813 muskih nogometasa, 362 u
dobnoj skupini 17-30 godina (M+SD 21,48+3,51) i 451
starijih od 30 godina (43,84+9,17), iz zagrebackih nogo-
metnih klubova, koji su pristupili lije¢ni¢kom pregledu
na Poliklinici za medicinu rada i sporta. Pronadeno je
nekoliko statisticki znacajnih razlika u MFZ karakteri-
stikama izmedu dvije dobne skupine, uglavnom u smjeru
pozeljnijih obiljezja u mladoj dobnoj skupini. Rezultati
pruzaju informacije vazne za planiranje treninga, ali i za
zdravstvenu preventivu.

Kljucne rijeci: morfologija, fiziologija, prevencija,
profili

Uvob

Prethodne studije su pokazale da sportasi s najboljim
izvedbama u razli¢itim sportovima imaju karakteristicna
antropoloska obiljeZja, ovisno o zahtjevima pojedine vrste
sporta i razine sportske izvrsnosti (Milanovi¢, 1997). Stalno
pracenje tih relevantnih svojstava, zajedno sa zdravstvenim
stanjem sportaSa, pruza vrijedne podatke za stvaranje od-
govarajuceg trenaznog programa za odredeni sport. Mor-
foloske karakteristike i funkcionalne sposobnosti pokazale
su se kao vazni elementi u ukupnom antropoloskom statusu
sportasa. Medutim, jo$ uvijek postoje ograniceni podaci o
razlikama u tim znacajkama u hrvatskim nogometnim klu-
bovima, posebno u niZim stupnjevima natjecanja.
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Abstract: Numerous studies show that wide range of
anthropological characteristics and health indicators
significantly affects the success in football. Therefore,
constant monitoring of these indicators provides to the
coaches the information useful for the planning of the
training process, adjusted to concrete athletes. This study
explores selected morphological, physiological charac-
teristics and health (MPH) indicators of adult football
players of various levels of sporting excellence. The aim
of the study was to determine the differences in MPH in-
dicators, as well as their correlation, stratified according
to the age group of the athletes. The different profiles of
players were identified, in relation to selected MPH in-
dicators. A sample of 813 male players is examined, 362
in the age group 17-30 years (M£SD 21.48+3.51) and
451 aged over 30 years (43.84+9.17), from Zagreb foot-
ball clubs, included in medical examination at the Clinic
for Occupational Health and Sport. Several differences
in MPH are found between two age groups, mainly in
direction more desirable features in younger age group.
The results provide important information for planning
training, but also for health prevention measures.
Keywords: morphology, physiology, prevention, pro-
files.

INTRODUCTION

Previous studies revealed that athletes with the best
performance in different sports have distinctive anthropo-
logical characteristics, depending on the demands of the
type of sports and the level of sports excelence (Milanovic,
1997). Constant monitoring of these relevant characteristics,
together with health status of the athletes, provides valuable
data for the creation of adequate training program for the
certain sport. Morphological characteristics and functional
abilities are proven to be important elements in overall an-
thropological status of an athlete. However, there is still
a limited data on differences in these features in Croatian
football clubs, especially in lower ranks of competitions.
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Vrhunski nogometasi moraju prilagoditi visestru-
kim fizickim zahtjevima igre, te moraju posjedovati ra-
zumno visoku razinu u svim podru¢jima fizicke izvedbe
(Reillyly i sur., 2000). Antropometrijske (AN) i fiziolos-
ke (FI) karakteristike nogometasa unutar vazan su dio
cjelovitog pracenja talentiranih mladih igraca. Medu
ovim karakteristikama, neke su pod jakim genetskim
utjecajima (npr. visina i maksimalni unos kisika), dok su
ostale uglavnom okolinski odredene i osjetljive na ucin-
ke treninga (Reillyly i sur., 2000). U studiji nogometnih
momcadi na kraju grckog prvenstva, rezultati ukazuju
na to da osobine FI mogu igrati vaznu ulogu u izvedbi
vrhunskih nogometasa, pogotovo tjelesne masnoce (%),
brzina tréanja, najveci okretni moment ekstenzora ko-
ljena i sposobnost vertikalnog skoka (Kalapotharakos i
sur., 2006). Procjena sezonske varijacije u AN i FI va-
rijablama u Spanjolskom profesionalnom nogometnom
timu otkrila je da profesionalni nogometasi imaju dobru
kondiciju od pocetka do kraja Spanjolske lige (s visokim
VO2max), dok su promjene u VOmax ovise o pocetnim
vrijednostima (Casajus , 2001).

Kondicijski trening (KT) smanjuje simpaticku akti-
vaciju i oksidativni stres. KT prigusuje sr¢anu simpatic-
ku modulaciju i sr¢anu hipertrofiju, koja je povezana sa
smanjenjem oksidativnog stresa i pove¢anjem bioraspo-
lozivosti dusikova oksida (NO) (Bertagnolli et al., 2008).
U studiji utjecaja KT na krvne lipide, krvni tlak i funkciju
dimenzije Supljine lijeve klijetke, izmedu nogometasa i
nesportasa, razina sistolickog krvnog tlaka kod nogome-
tasa bila je znatno niZi od kontrolne skupine (p <,05),
dok su sistolicki (LVSP) i dijastolicki (LVDP) promjeri
lijevog ventrikula nogometasa bili znacajno visi naspram
kontrolne skupine (Gokhan et al., 2013). Slobodne ma-
sne kiseline u krvi povecale su se progresivno tijekom
igre, djelomi¢no kompenzirne progresivnim smanjenjem
misi¢nog glikogena, dok se umor takoder povremeno po-
javljuje tijekom utakmice (Bangsbo i sur., 2006).

Medu relevantnim znacajkama u fizickim zahtje-
vima za igrace tijekom igre, postoje velike individualne
razlike, koje se odnose na FI kapacitete i takticku ulogu
u timu (Bangsbo i sur., 2006). Pozicijska uloga igraca
odnosi se na njegove FI kapacitete. Vezni igraci (VI) 1
brani¢i imaju najvise maksimalne unose kisika (> 60 ml
x kg (-1) x min (-1)) 1 najbolji su u intervalnim testovima
tjelovjezbe. S druge strane, VI obi¢no imaju najnizu sna-
gu misica (Reillyly et al., 2000). VI tr¢e viSe u niskoj br-
zini nego branici ili napadaci, dok je udaljenost koju pre-
trc¢e velikom brzinom ista u pocetku, kao na kraju meca
(Bangsbo, 1994). Medutim, osim FI zahtjeva tijekom
utakmice u vezi s ukupnom udaljenosti koju igrac pretr-

Top-level football players have to adapt to the mul-
tifactorial physical demands of the game, and must pos-
sess a reasonably high levels within all areas of physi-
cal performance (Reillyly et al., 2000). Anthropometric
(AN) and physiological (PH) characteristics of football
players within are important part of a holistic monitoring
of talented young players. Among these characteristics,
some are under strong genetic influences (e.g. height and
maximal oxygen intake) while the others are largely en-
vironmentally determined and susceptible to training ef-
fects (Reillyly et al., 2000). In the study of football teams
at the end of the Greek championship, the findings sug-
gest that PH characteristics may play an important role
for top-level football performance, especially body fat
(%), running velocity, peak torque of knee extensors and
vertical jump ability (Kalapotharakos et al., 2006). The
evaluation of seasonal variation in AN and PH variables
in a Spanish professional football team revealed that
professional football players have good fitness from the
beginning to the end of the Spanish League (with a high
VO2max), while the changes in VO2max depend on the
initial values (Casajus, 2001).

Exercise training (ET) decreases sympathetic acti-
vation and oxidative stress. ET attenuates cardiac sym-
pathetic modulation and cardiac hypertrophy, which
were associated with reduced oxidative stress and in-
creased nitric oxide (NO) bioavailability (Bertagnolli
et al., 2008). In the study of the effects of ET on blood
lipids, blood pressure and left ventricular cavity dimen-
sions function between football players and non-athletes,
mean systolic blood pressure levels of football players
were significantly lower than control group (p<.05).
Left ventricular systolic and diastolic diameters of foot-
ball players were significantly higher than control group
(Gokhan et al., 2013). Blood free-fatty acids (FFAs) in-
crease progressively during a game, partly compensating
for the progressive lowering of muscle glycogen, while
fatigue also occurs temporarily during matches (Bangsbo
et al., 2000).

Among relevant features, there are major individual
differences in the physical demands of players during a
game, related to PH capacity and tactical role in the team
(Bangsbo et al., 2006). Positional role of a player is re-
lated to his/her PH capacity. Midfield players (MP) and
full-backs have the highest maximal oxygen intakes (>
60 ml x kg (-1) x min (-1)) and perform best in intermit-
tent exercise tests. On the other hand, MP tend to have
the lowest muscle strength (Reillyly et al., 2000). MP run
more at low speed than defenders and forwards, while
the distance covered at high run speed is the same in
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¢i tijekom nogometne utakmice, onima i druge energet-
ski zahtjevne aktivnosti, odnosno uklizavanje, skakanje,
ubrzanje i okretanje (Bangsbo, 1994). Medutim, svi ovi
FI zahtjevi nisu isti za igracCe razli¢itih dobnih skupina.

Stoga, glavni cilj ove studije bio je utvrditi razlike u
MFZ pokazateljima, izmedu dvije dobne skupine nogo-
metasa. Drugo, u odnosu na odabrane MFZ pokazatelje,
utvrdit ¢e se razliciti profili igraca, koji zahtijevaju druk-
¢iji kinezioloski tretman (drugaciji program trenaznog
procesa), s ciljem postizanja vece razine sportske izvr-
snosti, ili diferencirane mjere prevencije zdravlja. Trece,
odredit ¢e se odnos izmedu razli¢itih MFZ pokazatelja,
posebno za svaku dobnu skupinu igraca.

METODA

Ispitanici

Analizirani su podaci reprezentativnog uzorka od
813 nogometasa aktivno angaziranih u nogometnim klu-
bovima razli¢itog natjecateljskog stupnja u Gradu Zagre-
bu i Zagrebackoj zupaniji, od toga 362 u dobnoj grupi
17-30 godina (M£SD)(21,48+3,51) i 451 starijih od 30
godina (43,84+9,17). Nogometasi su pristupili lijecnic-
kom pregledu u Poliklinici za medicinu rada i sporta
Zagrebackog Sportskog saveza s medicinsko-biokemij-
skim laboratorijem u Zagrebu (PMRS) tijekom 2011. 1
2012. godine, po principu uvrsStavanja prvog lije¢ni¢kog
pregleda (u slucaju da je sporta$ obavio vise pregleda u
navedenom razdoblju). U dobnoj skupini 17-30 godina
pregledana je sportska kategorija seniora, koji su svi ak-
tivni sportasi-natjecatelji, dok su u dobnoj skupini iznad
30 godina, uz populaciju seniora aktivnih natjecatelja,
ispitani 1 nogometasi koji sudjeluju u veteranskim no-
gometnim natjecanjima. Dobna skupina iznad 30 godi-
na definirana je kao jedinstven (homogen) uzorak zbog
¢injenice da vecina ispitanih nogometasa zapravo igra u
nizim stupnjevima natjecanja, u kojima su funkcionalna i
ostala natjecateljska opterecenja podjednaka kao u vete-
ranskim natjecanjima.

Varijable i postupci

Podaci su prikupljeni pregledom arhive ambulante
Poliklinike za medicinu rada i sporta Zagrebackog sport-
skog saveza s medicinsko-biokemijskim laboratorijem
(PMRS) u Zagrebu. U analizu su ukljuceni svi podaci
prikupljeni od svih nogometasa u dobi od 17 do 30 te
30 i viSe godina, koji su pristupili lije¢nickom pregledu
tijekom 2011.12012. godine, uvazavajuéi eticke principe
Helsinske Deklaracije.

Prikupljeni su podaci o sljede¢im obiljezjima: tjele-
sna visina (cm), tjelesna masa (kg), indeks tjelesne mase

the beginning as in the end of a match (Bangsbo, 1994).
However, except PH demands on the player during the
match related with total distance run during the football
match, a player is engaged in other energy demanding
activities, i.e. tackling, jumping, accelerating and turning
(Bangsbo, 1994). However, all these PH demands are not
the equal for the players in different age groups.

Hence, the main aim of this study was to determine the
differences in the MPH indicators, between two age groups
of football players. Secondly, in relation to selected MPH
indicators, different profiles of players will be determined,
who require different kinesiological treatment (different ET
program), in order to achieve higher levels of sporting ex-
cellence, or differentiated measures of health prevention.
Thirdly, the relationship between different MPH indicators
will be determined, separately for each age group of players.

METHODS

Subjects

The data of a representative sample of 813 male
football players who are actively engaged in football
clubs of different competitive level within the City of Za-
greb and Zagreb County are analyzed, of which 362 in the
age group 17-30 years (M + SD) (21.48+3.51) and 451
old over 30 years (43.84+9.17). The players have joined
the medical examination at the POHS in 2011 and 2012,
according to the principle of including the first medical
examination (in case the athlete performed more hits in
the mentioned period). In the age group 17-30 years, the
sports category of seniors who are all active athletes-
competitors were examined, while in the age group above
30, the population of seniors whoi are active competitors,
as well as the participants in veteran football competi-
tions, were examined. The age group over 30 is defined
as a single (homogeneous) sample, due to the fact that the
majority of players are actually playing in lower ranks of
competition, in which the functional and other loadings
are in fact similar as in veteran competitions.

Variables and procedures

Data are collected by reviewing medical records
from Polyclinic for Occupational Health and Sports of
Zagreb Sports Association with Laboratory of Medical
Biochemistry in Zagreb (POHS). The analysis included
all data, collected of all players aged 17 to 30 and over
age of 30, who have joined the medical examination dur-
ing 2011 and 2012, taking into account the ethical prin-
ciples of the Declaration of Helsinki.

The data on the following characteristics are col-
lected: body height (cm), body weight (kg), Body Mass
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(ITM), vitalni kapacitet (1) pluca, fizikalni pregled pluca,
elektrokardiogram (ECG), puls mirovanja (otk./min.),
arterijski sistolicki i dijastolicki krvni tlak (mmHg), he-
moglobin (g/1), hematokriti (1/1), leukociti (fl), trombociti
(f1), sedimentacija eritrocita (mm/h), dob sportasa (godi-
ne), pripadnost nogometnom klubu.

Vitalni kapacitet plu¢a je mjeren standardnim po-
stupkom mjerenja forsiranog izdisaja nakon maksimal-
nog udisaja u 3 pokusaja (uzima se u obzir najvisa posti-
gnuta vrijednost vitalnog kapaciteta) na uredaju Schiller
Spirovit SP1, Schiller AG, made in Switzerland. Uredan
nalaz pluca je definiran fizikalnim pregledom : inspekcij-
skim (prsni ko$ simetrican, dobro sveden, obostrano do-
bro respiratorno pomican), perkutorno urednim pluénim
zvukom, auskultacijski urednim Sumom disanja (domi-
nantno vezikularno, osim iznad velikih bronha i traheje
gdje poprima obiljezja bronhovezikularnog disanja) uz
urednu frekvenciju disanja od 16-18 udisaja /min.

EKG snimanje je obavljeno standardnim pozicioni-
ranjem elektroda pomocu 6 perifernih odvoda (3 standar-
dna bipolarna odvoda ekstremiteta i 3 unipolarna odvoda
ekstremiteta) i 6 prekordijalnih odvoda, uredajem Schiller
AT-2 plus odnosno Schiller AT-102, Schiller AG, made
in Switzerland. Elektrokardiografsko snimanje je moralo
zadovoljiti kriterije tehnicki kvalitetnog ispisa prije ana-
lize nalaza, uz jasni prikaz svih elektricnih potencijala
(P, QRS, T), odnosno uz pravilno obiljezavanje trajanja
svih intervala (PQ, QRS, QT). Uredan nalaz pretpostav-
lja sinus ritam uz trajanje intervala u granicama fiziolos-
kih varijacija s obzirom na dob, s normalnim izgledom
elektri¢nih potencijala uz urednu lijevostranu elektri¢nu
os srca. Puls mirovanja (broj otkucaja u minuti) je pro-
sjeCna vrijednost pulsa mjerena u leze¢em poloZaju (tije-
kom snimanja ECG-a) te u sjede¢em polozaju (tijekom
mjerenja arterijskog tlaka). Uredan nalaz je u rasponu
frekvencije od 60 do 100 otkucaja u minuti. Arterijski si-
stolicki i dijastolicki tlak (izmjera u mmHg) je vrijednost
obavljenog mjerenja u sjedecem polozaju sa nadlaktic-
nom mansetom, uzimajuci u obzir prosje¢nu vrijednost
mjerenja na obje strane. (Razlika u izmjerenim vrijedno-
stima arterijskog tlaka normalno ne bi trebala biti ve¢a od
20 mmHg za sistolicki tlak odnosno vec¢a od 10 mmHg
za dijastolicki tlak.) Mjerenja arterijskog tlaka su obav-
ljena uz pomo¢ elektronskog nadlakticnog tlakomjera
Omron M10 IT te Omron M6 Confort, Omron Healthca-
re Co., Kyoto, Japan, sa standardnim velicinama manse-
ta za odrasle osobe 12x26 cm, za odrasle pretile osobe
12x40 cm, te za djecu i mrSave odrasle osobe 12x18 cm.
Vrijednosti izmjerenog arterijskog tlaka za odrasle osobe
se procjenjuju prema vazec¢im Smjernicama Europskog

Index (BMI), vital capacity (l) of the lungs, electrocardio-
gram (ECG), resting heart rate (beat/min.), arterial systolic
and diastolic blood pressure (mmHg), haemoglobin (g/1),
haematocrit (I/1), leukocytes (fl), platelets (fl), erythrocyte
sedimentation rate (mm/h), athletes’ age (years) and football
club membership. Vital lung capacity was measured using a
standard method of measuring of the forced exhalation after
a maximal inhalation in 3 attempts (taking into account the
highest vital capacity value achieved) on the Schiller Spi-
rovit SP 1, Schiller AG, made in Switzerland. Lung find-
ing was defined by physical examination (inspection - chest
symmetric, symmetrical chest expansion, bilaterally respi-
ratory well mobile, percussion - lower lung border: left level
of 10th spinous process, right level of 8th spinous process.
Respiratory float of lower lung limit is 1-2 cm in a deep inspi-
ration). Comparative percussion: percutory normal pulmo-
nary sound, relative dullness, absolute dullness, tympanism,
hyperresonant lung sound and auscultatory examination of
lung function - normal breathing sound or polyphonic bron-
chial whistles, intermittent, inspiratory rattles, crepitations,
reduced respiration) and is considered unremarkable with
breathing frequency of 16-18 breaths / min, with percutory
sonority and ausculatory predominant vesicular breathing,
except over the large bronchi and trachea where broncho-
vesicular breathing is present. ECG is performed by record-
ing with a standard positioning of the electrodes with setting
6 peripheral drains (3 standard bipolar extremity drains and
3 unipolar extremity drains) and 6 precordial drains, with
the help of devices Schiller AT-2 plus or Schiller MT-102,
Schiller AG, made in Switzerland. ECG recording had to
meet the criteria of technical quality print before analysis of
the findings, with a clear presentation of all electrical poten-
tials (P, QRS, T) and with proper labelling of the duration
of all intervals (PQ, QRS, QT). Normal finding assumes
sinus rhythm with intervals within physiological varia-
tion ranges according to the age, with normal appearance
of electric potentials and with normal left electrical axis of
the heart. Resting heartbeat (beats per minute) is the aver-
age value of the pulse measured while subject is lying down
(during recording the ECG) and in a sitting position (during
measurement of the blood pressure). Normal finding is the
frequency ranging from 60 to 100 beats per minute. Arterial
systolic and diastolic blood pressure (mmHg in the survey)
is the value obtained by measurement performed in a sit-
ting position with the upper-arm cuff, taking into account
the average of the measurements on both sides. (The dif-
ference in the measured values of blood pressure normally
should not be higher than 20 mmHg for systolic pressure, or
higher than 10 mm Hg for diastolic blood pressure.) Mea-
surements of arterial blood pressure were carried out using
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udruzenja za hipertenziju i kardiologiju i Preporukama
Hrvatskoga referalnog centra za hipertenziju centra iz-
vrsnosti Europskog drustva za hipertenziju, a za djecu i
adolescente prema odgovarajuc¢im literaturnim izvorima
(Mancia et al., 2013;Vrdoljak et al., 2014; The Fourth
Report on the Diagnosis, Evaluation, and Treatment of
High Blood Pressure in Children and Adolescents, 2004).

Statisticka analiza

Podaci su analizirani programom IBM SPSS 20.0.
Sve razlike i povezanosti komentirane su na razini zna-
cajnosti od p<0,05.Razlike u antropoloskim i zdravstve-
nim pokazateljima analizirane su primjenom t-testa (u
slucaju normalno distribuiranih varijabli omjernog tipa),
odnosno neparametrijskim postupcima (Mann Whitney
U test 1 Hi-kvadrat test), ukolikoneki od navedenih uvjeta
nije zadovoljen. U analizi povezanosti koriSteni su Pear-
sonov ili Spearmanov koeficijent korelacije, a pointbise-
rijalni koeficijent korelacije je izracunat izmedu omjer-
nih i binarnih varijabli. Konac¢no, za odredivanje profila
nogometasa pojedine dobne grupe koristena je K-means
metoda klasteriranja.

REZULTATI 1 RASPRAVA

Razlike izmedu dobnih skupina nogometasa za MFZ
varijable prikazani su (tablica 1). Stariji (u dobi> 30) no-
gometasi su statisticki znacajno tezi i imaju ve¢i ITM te
visi puls mirovanja, sistoli¢ki i dijastolicki krvni tlak.
Veca brzina sedimentiranja eritrocita moze ukazivati na
vecu ucestalost kroni¢nih upalnih i inflamacijskih bolesti
te ces¢e uzimanje lijekova u starijim dobnim skupinama
sportasa (posebno u veteranskoj skupini). Brzina sedi-
mentacije eritrocita ubrzava s povecanjem dobi, nakon
40-te godine zivota, a jo$ vise i kasnije (Osei-Bimpong i
sur., 2007; Assasi i sur., 2015). Stariji su nogometasi nizi
i imaju manji vitalni kapacitet pluca, u usporedbi s mla-
dim dobnim skupinama. Dobiveni podaci su u skladu sa
dostupnim literaturnim podacima (Reichert i sur., 2009;
Hanson i Jones, 2015; Borjesson, 2016; Osei-Bimpong i
sur., 2007; Assasi i sur., 2015). Povoljniji MFZ pokaza-
telji su povezani s obimom, intenzitetom i kontinuitetom
fizicke aktivnosti, koja je uglavnom izrazenija u mladim
odraslim kategorijama sportasa. Objasnjenje ovih rezul-
tata moze se takoder naci u velikoj razlici u prosjecnoj
dobi nogometasa u ove dvije dobne skupine. Stariji igraci
su uglavnom veterani (prosje¢na dob 43.84+9.17), dok
seniori imaju prosje¢nu dob 21,48+3,51. Uz navedene
razloge, nepovoljni morfoloski pokazatelji potencijalno
umanjuju i fizioloSke kapacitete, nepovoljno djelujuéi i
na zdravstvene pokazatelje. Suprotno navedenome, po-
vecanje fizioloSkih kapaciteta organizma kroz adekvat-

electronic upper-arm sphygmomanometer Omron M10 IT
and Omron M6 Comfort, Omron Healthcare Co., Kyoto, Ja-
pan, with the standard sizes of the cuffs for adults 12x26 cm,
for obese adults 12x40 c¢m, and for children and thin adults
12x18 cm. The values of the measured blood pressure for
adults is estimated according to the current guidelines of the
European Society for Hypertension and Cardiology 1, and
for children and adolescents according to the relevant litera-
ture sources (Mancia et al., 2013; Vrdoljak et al., 2014; The
Fourth Report on the Diagnosis, Evaluation, and Treatment
of High Blood Pressure in Children and Adolescents, 2004).

Statistical analysis

Data were analyzed IBM SPSS 20.0. All the differ-
ences and correlations are commented on the significance
level of p <0.05. Differences in MPH indicators were
analyzed using the t-test (in the case of normally distrib-
uted variables omjernog type) or non-parametric methods
(Mann Whitney U test and Chi-square test), if any of these
conditions is not met. In the analysis of the correlations,
Pearson or Spearman’s correlation coefficients are used,
while pointbiserial correlation coefficient is calculated be-
tween ratio and binary variables of MPH indicators. Final-
ly, to determine the profiles of players in each age group
in MPH indicators, K-means method of clustering is used.

REsULTS AND DISCUSSION

Differences between age groups of football play-
ers for the MPH variables are presented (Table 1). Older
(aged >30) football players are statistically significantly
heavier and have higher BMI, higher pulse rate, systolic
and diastolic blood pressure. The speed of sedimenta-
tion of red blood cells may indicate a higher incidence
of chronic inflammation and inflammatory diseases, and
often medication in older age groups of athletes (espe-
cially in the veteran group). Erythrocyte sedimentation
rate accelerates with increasing age, after 40-years of
age, and more and later (Osei-Bimpong et al., 2007; As-
sas et al., 2015). Older players also have lower height
and lower vital capacity of the lungs, as compared with
younger age group. The obtained data are consistent with
the available recent findings (Reichert et al., 2009; Han-
son and Jones, 2015; Borjesson, 2016; Osei-Bimpong et
al., 2007; Assas et al., 2015). More favorable MSH indi-
cators are related to the scope, intensity and continuity
of physical activity, which is usually more pronounced
in the young adult categories of athletes. The explana-
tion of these results can be also found in a large gap be-
tween average age of the football players in these two
age groups is very large. Older players are mostly veter-
ans (mean age 43.84+9.17), while seniors have mean age
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nu tjelesnu aktivnost ima povoljni u¢inak na parametre
zdravstvenog stanja. (Arena i Cahalin, 2014; Cléroux i
sur., 1999). Prema tome, stariji igra¢i imaju manje pozelj-
ne MFZ osobine. Samo jedan sudionik imao je patoloski
nalaz pregleda pluca (u osobe starije od 30 godina), tako
da je razlika izmedu dvije dobne skupine nije bila sta-
tisticki znacajna. Prakti¢na iskustva sportskog lije¢nika
PMRS pokazuju da recipro¢an odnos nepovoljnih mor-
foloskih i fizikalnih (zdravstvenih) pokazatelja vrijede i
za fizikalni pregled srca, te za osnovni ortopedski odno-
sno neuroloski pregled. Naime, patoloske promjene pri
fizikalnom pregledu utvrduju se uglavnom ve¢ u mladim
dobnim skupinama (predskolska, Skolska i pubertetska
dob). Stoga se, infekcije, alergije, kao i sréani Sumovi,
¢esce dijagnosticiraju u mladim dobnim skupinama, pri-
je adolescentne dobi. S aspekta ove pozitivne selekcije,
moze se re¢i da razlika u fizikalnim pokazateljima izme-
du istrazivane dvije dobne skupine nogometaSa uglav-
nom ne postoje (izuzev ocekivanih dobnih varijacija).
Po EKG-u, bilo je 297 sudionika u dobi 17-30 1401
sudionik u dobi iznad 30 godina s urednim nalazom, a 64
sudionika u dobi 17-30 i 50 sudionika u dobi iznad 30 go-
dina s patoloskim nalazom. Ova razlika bila je statisticki
znacajna (Hi>=7,33; p<0,01; df=1), u smjeru ¢esce ured-
nih nalaza EKG za starije sudionike. Glavni uzroci nagle
sr¢ane smrti u mladih odraslih sportasa nasljedni oblici
src¢anih bolesti, a u starijim dobnim skupinama (iznad
35-e godine zivota) bolesti koronarnih arterija. Iz nave-
denog slijedi da EKG (vazan modalitet probira u mladim
dobnim skupinama sportasa), ima ograni¢enu vrijednost
za skupinu starijih sportasa, kojima se preporuca indi-
vidualno indicirano ergometrijsko testiranje (Schmied i
Borjesson, 2014; Asif i sur., 2013; George i sur., 2012;
Shephard, 2011; Giada i sur., 2011; Lollgen i sur., 2010).
Kardiovaskularno remodeliranje kao posljedica intenziv-
nog kontinuiranog sportskog treninga se ¢esce pojavljuje
u visoko aktivnih sportasa natjecatelja, uglavnom u mla-
dim odraslim dobnim skupinama, te nerijetko rezultira s
promjenama u nalazu EKG (fizioloska adaptacija), koje
mogu nalikovati patoloskim promjenama (Corrado i sur.,
2009; Baggish, 2015). Prakti¢na iskustva sportskog li-
jecnika u PMRS ukazuju na dojam da u starijih zdravih
osoba EKG ispis postaje ,,zreliji u smislu urednog nala-
za, dok u mladih odraslih osoba katkad postoji odredeni
nesrazmjer veli¢ine tijela i unutrasnjih organa, uz tanji
prsni kos, pa ispis EKG-a postaje ,,patoloskiji“. S druge
strane, sustavnim radom na prevenciji i obvezom pregle-
da sportasa uocen je relativno znacajan broj specifiénih
poremecaja ritmova koji ulaze u patolosku kategoriju
EKG-a, posebno u skupini mladih odraslih sportasa. Na-

21.48+3.51. In addition to these reasons, unfavorable mor-
phologic indicators could potentially reduce the physiologi-
cal capacity, adversely acting on health indicators. Contrary
to the above, an increase in the physiological capacity of the
organism through appropriate physical activity has a favor-
able effect on the parameters of health. (Arena and Cahalin,
2014; Cléroux et al., 1999).

Accordingly, older players have less desirable MPH
characteristics. Only one participant a negative finding of
the lung examination (who was older than 30 years), thus
the difference between two age groups was not statisti-
cally significant. Practical experiences of sports physician
in POHS show that reciprocal relationship of adverse mor-
phological and physical (health) indicators could be applied
to the physical examination of the heart, as well as for the
main orthopedic and neurological examination. Mainly,
pathological changes are found already during the physical
examination determined in ounger age groups (pre-school,
school and teenage age). Therefore, infections, allergies,
and heart murmurs, are more often diagnosed in younger
age groups, before the adolescence. From the point of posi-
tive selection, it can be said that the difference in physical
indicators between two age groups of studied football play-
ers generally do not exist (except for the expected age varia-
tions). Therefore, the difference in physical parameters be-
tween the two groups players generally do not exist (except
for the expected age variations).

According to ECG, there were 297 participants in the
age 17-30 and 401 participants in the age group over 30
years of age with positive finding, and 64 participants in the
age 17-30 and 50 participants in the age group over 30 years.
This difference is statistically significant (Chi square= 7.33;
p<0.01; df=1), in direction of relatively more positive ECG
findings for older participants. The main causes of sudden
cardiac death in young adult athletes are hereditary forms of
heart disease, while in the older age group (over 35 years)
it is coronary artery disease. It follows that the ECG (an
important modality of screening in younger age groups of
athletes), is of limited value for the group of older athletes,
for whom is advised individually indicated exercise test
(Schmied and Borjesson, 2014; Asif et al., 2013; George et
al., 2012; Shephard, 2011; Giada et al., 2011; Lollgen et al.,
2010). Cardiovascular remodeling, as a result of intensive
continuous sports training, may be more prevalent in highly
active athletes competitors, mainly in the young adult age
groups, and often results in the changes in ECG findings
(physiological adaptation), which may resemble pathologi-
cal changes (Corrado et al., 2009; Baggish, 2015). Practi-
cal experience of sports physicians in POHS indicate the
impression that the elderly healthy subjects ECG print be-
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ime, promjene u EKG-u, oc¢ekivane u sportasa starijih od
30 godina, drugacije su od najcesc¢ih znacajnih promjena
u mladih odraslih sportasa (17-30 godina). U starijoj sku-
pini dominiraju ishemijske promjene, a od aritmija fibri-
lacija atrija. U mladoj dobnoj skupini dominiraju urode-
ne promjene, primjerice preekscitacija te ekstrasistolije.

comes “mature” in terms of proper ECG findings, while in
young adults sometimes there is a certain discrepancy in
size of the body and internal organs, with a thin chest,
and printing ECG becomes “more pathologic”. On the
other hand, systematic work on prevention and liability
of examinations of the athletes, revealed a relatively sig-

Tablica 1. Razlike izmedu dobnih skupina nogometasa za varijable istrazivanja /
Table 1. Differences between age groups of football players for the variables in research

. . age group (year)/ Mean/ Arit. Std. Deviation/ Std.  Std. Error Mean/ Median

Variables/Varijable dobna grupa (god.) sredina rasprsenje Greska Arit. sred. test (p)
17-30 362 179.65 6.60 0.35

height (cm)/visina 0.00
>30 451 178.12 6.35 0.30
17-30 362 75.31 10.19 0.54

weight (kg)/ tiel. masa 0.00
>30 451 85.97 11.75 0.55
17-30 190 5.53 0.78 0.06

vital cap./vitalni kap. 0.00
>30 192 5.25 0.92 0.07
17-30 362 59.04 10.75 0.57

pulse rate/puls mirovanja 0.00
>30 451 63.61 11.08 0.52
17-30 362 119.22 11.85 0.62

systolic pressure/ sist. tiak 0.00
>30 451 127.98 13.05 0.61
17-30 362 71.40 8.37 0.44

diastolic pressure / diast. tlak 0.00
>30 451 81.44 8.84 0.42
17-30 362 146.78 8.21 043

hemoglobin 0.24
>30 451 147.69 8.08 0.38
17-30 362 0.44 0.02 0.00

hematocrit/ hematokrit 0.1
>30 451 0.45 0.02 0.00
17-30 362 6.76 8.30 0.44

leukocyte/ leukocit 0.92
>30 451 7.58 11.31 0.53
17-30 362 218.30 46.50 244

thrombocyte/ trombocit 0.12
>30 451 225.62 56.09 2.64
17-30 362 4.05 253 0.13

sedimentation/ sedimentacija 0.00
>30 451 6.02 4.04 0.19
17-30 361 23.30 2.64 0.14

BMI/ ITM 0.00
>30 451 27.08 3.28 0.15

Bold: statistically significant differences at p<0,01 / Podebljano: statisticki znacajne razlike uz p<0,01

BMI/ ITM: Body Mass Index / Indeks tjelesne mase

Profili nogometaSa za dva dobivena klastera i za
obje dobne skupine su vrlo sli¢ni. Samo malo pozeljnije
osobine (s kinezioloskog i medicinskog aspekta) imaju
nogometasi grupirane u drugim klasterima u obje dobne
grupe (tablica 2). Najjednostavnije tumacenje ovih rezul-
tata moze se naci u ¢injenici da je ve¢ina nogometasa
generalno ocijenjena kao zdrava, u ovim rutinskim medi-
cinskim pregledima.

Od 78 korelacija, 24 su bile statisticki znacajne u
dobnoj skupini od 17-30, te 34 u dobnoj skupini > 30
(tablica 3), dok je smjer povezanosti bio u skladu s oce-

nificant number of specific disorders of the rhythms, that
are included in the category of pathological ECG, espe-
cially among younger adults athletes. The changes in the
ECG that are expected in athletes older than 30 years,
are different from the most common significant changes
in young adult athletes (17-30 years). In the older group
dominated ischemic changes and arrhythmias of atrial
fibrillation. In the younger age group dominated innate
changes, such as excitation and extrasystolia.

The profiles of football players in both age groups,
indicate that two clusters obtained are very similar. Just
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Table 2. Profiles of football players, according to the variables in the study, stratified by age group /
Tablica 2. Profili nogometasa prema varijablama u istrazivanju, stratificirani prema dobnoj skupini

>30 Clusters for age group 17-30
1= 2 Klasteri za dobnu grupu qst gnd
177.0 180.0 height/ visina 180.4 179.0
85.54 86.47 weight/ masa 76.51 76.48
5.14 5.33 vital capacity/ vitalni kapacitet 5.60 5.40
66 63 pulse rate/ puls 57 60
129 127 systolic press./ sistolicki tlak 121 120
82 80 diastolic press./ diastolicki tlak 73 70
146 147 hemoglobin 147 146
0.44 0.44 hematocrit/ hematokrit 0.44 0.44
8.5 7.0 leukocyte/ leukocit 6.1 6.5
263 184 thrombocyte/ trombocit 190 264
7 5 sedimentation/ sedimentacija 4 4
22.02 24.47 BMI/ ITM 27.09 27.01
84 108 Number of Cases/ broj slu¢ajeva 122 68

BMI/ ITM: Body Mass Index / Indeks tjelesne mase

kivanjima. Razlozno tumacenje ovakvog trenda moze se
dati u terminima razvoja koji jos nije zavrSen za dio pred-
stavnika mlade dobne skupine.

Razlike i1 korelacije u MFZ, u razli¢itim dobnim
skupinama nogometasa, prikupljeni rutinskim zdrav-
stvenim pregledima, mogu pomo¢i i za kinezioloske i za
zdravstvene svrhe. Utvrdivanje razlicitih profila igraca,
pomaze teznji postizanja vise razine sportske izvrsnosti
(primarno u pogledu optimalne fizicke spremnosti), kao
i za planiranje specificnog kinezioloskog tretmana, pri-
lagodenog odredenim profilima. Ovdje su neki primjeri
s nalazima nekoliko autora. Studija o dugoro¢nim i krat-
koro¢nim ucincima teske dinamicke vjezbe na neuralnu
kontrolu otkucaja srca, moze objasniti koegzistenciju
bradikardije uslijed treninga te znakova pojacane simpa-
ticke aktivnosti kod treniranih vrhunskih sporta$a (Furlan
i sur., 1993). E/A kvocijent (omjer vrsne brzine tijekom
rane i kasne dijastole) ukazuje da redovita tjelesna aktiv-
nost u starijoj dobi moze §tititi od dobno ovisnog sma-
njenja dijastolicke funkcije (Pavlik i sur., 2001). U studiji
utjecaja aerobnog treninga, rezultati su otkrili da su uz
poboljsanje aerobne izdrzljivosti, nogometasi poboljsali
svoju izvedbu povecavanjem pretrcanih udaljenosti, po-
jaCanjem intenziteta rada, te pove¢anjem broja sprinteva
i posjeda lopte tijekom utakmice (Helgerud et al., 2001).
Plan i program KT tijekom ljetnog pripremnog razdoblja
promjene motori¢kih sposobnosti kod nogometasa FC
Rad (Beograd), rezultirao je ve¢im ili manjim promjena-
ma koje su se dogodile tijekom tog pripremnog razdoblja
(Janji¢ i sur, 2010). Sli¢no navedenome, uvidi iz ove stu-
dije mogu doprinijeti odredivanju smjernica za posebnu

a bit more desirable characteristics (from kinesiological
and medical aspect) have football player grouped in se-
cond clusters in both age groups (Table 2). The simplest
interpretation of these results can be found in the fact that
most players are generally estimated as healthy, in these
routine medical examinations.

Out of 78 correlations, 24 were statistically signifi-
cant in the age group 17-30, and 34 for the age group >30
(Table 3), while the direction of associations was in line
with the expectations. The reasonable interpretation of
this trend can be given in terms of growth that is still not
completed for some representatives of the younger age
group in research.

The differences and correlations in the MPH, in
different age group of football players, collected from
routine medical examinations, might help both for ki-
nesiological and health purposes. Establishing different
profiles of players, helps to the achieving a higher level
of sports excellence (primarily optimal physical fitness),
as well as for designing specific kinesiological treatment
(special TP), adjusted to certain profiles. Here are some
of the examples from findings of several authors. The
study on the long term and short-term effects of heavy
dynamic exercise on neural control of heart rate may
explain the coexistence of training bradycardia, with si-
gns of enhanced sympathetic activity in trained champi-
on athletes (Furlan et al., 1993). E/A quotient (ratio of
peak velocity during early and late diastole) suggested
that regular physical activity at an older age might pro-
tect against age dependent impairment of diastolic func-
tion (Pavlik et al., 2001). In the study of the effects of ae-
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Table 3. Intercorrelations between the variables in research, for certain age groups of football players /
Tablica 3. Intercorrelations izmedu varijabli u istrazivanju, za odredene dobne skupine nogometasa

17-30 god. height weight vital pulse systolic diastolic hemoglo hematocr leukocit trombo  sedime  BMI ECG
height/ visina 1 543" 450" -063 123 .051 -.040 -.054 -.044 - 134 -.027 -007" .070
weight/ masa 1 3727 015 222" 148" .066 .063 -.050 012 078 834* 072
Kiat:'acc‘i’tgfdty’ vitalni 1 2032 41 -0 042 O 18 1600 -18 M8 023
pulse rate/ puls 1 105 109 145" 153" -.046 .052 -018 059" -323"
systolic press./ sist. tlak 1 501" .023 .007 .008 -.036 .050 190" 077
diastolic press./dias.tlak 1 1617 118 .069 -.061 -.003 477 044
hemoglobin 1 930" .008 .050 -.296" 106" -.071
hematocrit/ hematokrit 1 024 .058 -.299" 109" -.063
leukocyte/ leukocit 1 145" 024 -032  -.039
thrombocyte/ trombocit 1 190" 102 -.070
sedimegtation/ sedi- 1 M6 -0
mentacija
BMI/ ITM 1 -129°
ECG/ EKG !
>30 god. height  weight vital pulse  systolic  diastolic  hemoglo hematocr leukocit  trombo sedime  BMI ECG
height/ visina 1 444" 352" 104" -058 -.038 -013 .030 -.003 -.182" -.021 -088 115
weight/ masa 1 .083 A247 2197 211" 176" 209" -.063 -013 .038 850" -.018
il capacily vitaln 1 0% -138  -108 086 115 045 -044 039 105  -037
apacitet
pulse rate/ puls 1 214" 238" 183" 208" 159" 108 105 203" -.300"
systolic pressure 1 726" .085 .092 -.024 .043 .065 282" -.084
diastolic pressure 1 159" 151" -017 .055 106" 329" -.077
hemoglobin 1 896" 037 -.057 -292" 209" -.148"
hematocrit/ hematokrit 1 .083 -.039 -.281" 218" -1407
leukocyte/ leukocit 1 035 -.007 -076  -.051
thrombocyte/ trombocit 1 250" -094"  -.042
sedimegtation/ sedi- 1 005 028
mentacija
BMI/ ITM 1 -.089
ECG/ EKG 1

** correlation statistically significant at p<0,01 / * correlation statistically significant at p<0,05
** korelacija statisticki znacajna uz p<0,01/ * korelacija statisticki znacajna uz p<0,05
BMI/ ITM: Body Mass Index / Indeks tjelesne mase; ECG/ EKG: electrocardiogram / elektrokardiogram

pozornost lije¢nika u izvanbolni¢koj medicini i u sportu,
kada promatra igrac¢e u danim dobnim skupinama.

ZAKLyUCCI

Pronadeno je nekoliko statisticki znacajnih razli-
ka u MFZ karateristikama izmedu dvije dobne skupine,
uglavnom u smjeru pozeljnijih obiljezja u mladoj dobnoj
skupini, koje su objasnjene u smislu velikog udjela vete-
rana u starijoj dobnoj skupini. Medutim, nacelno se moze
re¢i da rutinski medicinski pregledi u mladim dobnim
skupinama sportasa dovode do njihove pozitivne selek-
cije, u smislu pozeljnih zdravstvenih pokazatelja. Stoga
se sve razlike dobivene u ovoj studiji mogu objasniti uo-

robic training, the results revealed that enhanced aerobic
endurance in football players improved their performan-
ce by increasing the distance covered, enhancing work
intensity, and increasing the number of sprints and ball
possession during a match (Helgerud et al., 2001). ET
plan and program during the summer preparation period
on motor abilities changes in football players of FC Rad
(Belgrade) resulted with the major or minor changes that
occur during this preparation period (Janji¢ et al, 2010).

Similarly, the insights from this study can contribute to
determine the guidelines for special attention of physicians
in outpatient medicine and sport, when observing players in
given age groups.
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bicajenim fizioloskim promjenama, karakteristicnim za
dobne skupine sportasa (npr. reciprocan odnos nepovolj-
nih morfoloskih i fizikalnih (zdravstvenih) pokazatelja).
Uvidi iz ove studije djelomi¢no doprinose razumijevanju
i prakticnoj primjeni rutinskih pregleda u ambulantama
medicine rada i sporta, za poboljSanje mjera primarne i
sekundarne prevencije poremecaja u zdravstvenom sta-
tusu sportasa.

Popis kratica koriStenih u tekstu:

MFZ - morfoloski, fizioloski i zdravstveni pokazatelji

AN - antropometrijske karakteristike

FI - fizioloske karakteristike

VO2max - maksimalni aerobni kapacitet ili maksimalni
primitak kisika

KT - kondicijski trening

VI - vezni igraci (VI)

M=SD - aritmetic¢ka sredina / standardna devijacija ( ras-
prsenje )

PMRS - Poliklinika za medicinu rada i sporta Zagrebac-
kog Sportskog saveza s medicinsko-biokemijskim
laboratorijem u Zagrebu

CONCLUSIONS

Several differences in MPH are found between two
age groups, mainly in direction more desirable features
in younger age group, which are explained in terms of
large share of veterans in older age group. However, in
principle, it can be said that a routine medical examinati-
on in early age of the athletes, bring to their positive se-
lection, in terms of desirable health indicators. Therefore,
all differences obtained in this study can be explained by
the physiological changes characteristic of the age group
of athletes (eg. a reciprocal relationship adverse morpho-
logical and physical (health) indicators). Findings from
this study partially contribute to the understanding and
practical application of medical examinations in outpa-
tient medicine and sport, improving the measures of pri-
mary and secondary prevention of of the disorders in the
health status of the athletes.

Abbreviations used in text:

MPH - morphological, physiological and health indica-
tors

AN - anthropometric characteristics

PI - physiological characteristics

VO2max - maximal aerobic capacity or maximum
oxygen uptake

ET - exercise training

MP - midfielders (VI)

M =+ SD - mean / standard deviation (scattering)

POHS - Polyclinic for Occupational Health and Sport of
Zagreb Sports Association with clinical laboratory
in Zagreb
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